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Introduction

Emulsions are widely used in pharmaceutical applications [START_REF] Chappat | Some applications of emulsions[END_REF]. Creams, as well as some ointments, gels, pastes, transdermal patches and vaccines, are emulsions [START_REF] Sarker | Pharmaceutical emulsions: a drug developers toolbag[END_REF]. Pharmaceutical emulsions can be used as therapeutic vehicles by various routes of administration: injection (intravenously, intramuscularly) [START_REF] Komatsu | Pharmaceutical Characterization of Commercially Available Intravenous Fat Emulsions: Estimation of Average Particle Size, Size Distribution and Surface Potential Using Photon Correlation Spectroscopy[END_REF][START_REF] Riess | Emulsions for biomedical uses[END_REF][START_REF] Lucks | Parenteral Fat Emulsions: Structure, Stability, and Applications[END_REF], oral administration [START_REF] Craig | Administration of Emulsions to the Gastrointestinal Tract[END_REF], topical application (skin, transdermal and vaginal applications) [START_REF] Smith | Christian Surber, Use of Emulsions as Topical Drug Delivery Systems[END_REF], ocular application [START_REF] Saettone | Ophtalmic Emulsions and Suspensions[END_REF][START_REF] Buszello | Emulsions as Drug Delivery Systems[END_REF], pulmonary [START_REF] Franz | Pulmonary administration of perfluorodecaline-gentamicin and perfluorodecaline-vancomycin emulsions[END_REF] and nasal administrations [START_REF] Ghori | Nasal Drug Delivery Systems: An Overview[END_REF]. In simple emulsions, hydrophilic active pharmaceutical ingredients (API) are encapsulated in the aqueous droplets of a water-in-oil (W/O) emulsion, whereas hydrophobic API are incorporated in the oil droplets of an oil-in-water (O/W) emulsion. The main interest of pharmaceutical emulsions is that they protect the encapsulated API while increasing its solubility and bioavailability [START_REF] Marti-Mestres | Emulsions in Health Care Applications-An Overview[END_REF]. By the oral route, emulsions, in addition to improving API protection and absorption, also mask their possible unpleasant taste or texture, making them more palatable [START_REF] Lachman | The theory and Practice of Industrial Pharmacy[END_REF]. By topical route, they often improve the permeability of the API [START_REF] Marti-Mestres | Emulsions in Health Care Applications-An Overview[END_REF], and both O/W and W/O emulsions can be used. O/W emulsions have the advantage of being non-greasy and easily removable from the skin surface [START_REF] Khan | Basics of pharmaceutical emulsions: A review[END_REF]. W/O emulsions possess an occlusive effect by hydrating the upper layer of the skin and avoiding evaporation. They are also greasy and not water washable [START_REF] Marti-Mestres | Emulsions in Health Care Applications-An Overview[END_REF]. By the intravenous route, the emulsion form may help to prevent the tendency of poorly water soluble API to crystallize [START_REF] Lachman | The theory and Practice of Industrial Pharmacy[END_REF] as the API is in the oil droplets of the O/W or W/O/W (water-in-oil-in-water) emulsions generally used in this case [START_REF] Marti-Mestres | Emulsions in Health Care Applications-An Overview[END_REF]. By the ophthalmic route, O/W emulsions are better tolerated than solutions and suspensions and avoid vision blurring effect observed with ointments [START_REF] Marti-Mestres | Emulsions in Health Care Applications-An Overview[END_REF]. Among emulsified systems, multiple emulsions are very attractive for pharmaceutical applications such as taste masking, vaccine adjuvants and so on, thanks to their ability to encapsulate and protect simultaneously several API. They also allow a controlled and sustained release of the encapsulated API [START_REF] Khan | Basics of pharmaceutical emulsions: A review[END_REF]. Despite their attractiveness, multiple emulsions can have limitations because of their complex structure and their thermodynamic instability due to an exchange of surfactants between the interfaces of the droplets and the inner droplets [START_REF] Tirnaksiz | A topical w/o/w multiple emulsions prepared with Tetronic 908 as a hydrophilic surfactant: Formulation, characterization and release study[END_REF].

As emulsions are thermodynamically unstable systems, the use of stabilizers for the formulation of emulsions and for their long-term stability is required [START_REF] Tadros | Emulsion Formation and Stability[END_REF]. Until now, emulsions have mostly been stabilized by synthetic surfactants [START_REF] Scherlund | Stabilization of a thermosetting emulsion system using ionic and nonionic surfactants[END_REF]. The list of surfactants usable for pharmaceutical applications is however reduced [START_REF] Marti-Mestres | Emulsions in Health Care Applications-An Overview[END_REF][START_REF] Rowe | Handbook of Pharmaceutical excipients[END_REF], and is even more limited for ocular and parenteral routes. Unfortunately, even with pharmaceutical authorized synthetic surfactants, irritations or allergic responses are often observed [START_REF] Walters | The effects of surfactants on penetration across the skin[END_REF][START_REF] Branco | Long-term repetitive sodium lauryl sulfateinduced irritation of the skin: an in vivo study[END_REF][START_REF] Jackson | Mechanism of Skin Irritation by Surfactants and Anti-Irritants for Surfactant Based Products[END_REF][START_REF] Lémery | Skin toxicity of surfactants: Structure/toxicity relationships[END_REF]. New and less toxic stabilization approaches have been developed such as the use of biopolymers [START_REF] Bouyer | Proteins, polysaccharides, and their complexes used as stabilizers for emulsions: Alternatives to synthetic surfactants in the pharmaceutical field?[END_REF] or solid particles [START_REF] Aveyard | Emulsions stabilised solely by colloidal particles[END_REF][START_REF] Chevalier | Emulsions stabilized with solid nanoparticles: Pickering emulsions[END_REF][START_REF] Schmitt | Colloidal particles as liquid dispersion stabilizer: Pickering emulsions and materials thereof[END_REF]. They could be attractive for pharmaceutical applications. This review is focused on emulsions stabilized by particles. Such emulsions are called Pickering emulsions according to the pioneering work of Pickering [27], even if they were first described by Ramsden [START_REF] Ramsden | Separation of Solids in the Surface-Layers of Solutions and "Suspensions" (Observations on Surface-Membranes, Bubbles, Emulsions, and Mechanical Coagulation). --Preliminary Account[END_REF]. Such stabilizers lower, or even avoid, the use of synthetic surfactants. Between 2000 and 2018, the proportion of publications on "Pickering emulsions" among all publications on "emulsions" increased from 0.05% to 8.0% (source: data from Web of Science). This increased interest is directly related to the very attractive properties of these emulsions. Indeed, Pickering emulsions display very good stability (sometimes up to several years), thanks to their high resistance to coalescence [START_REF] Chevalier | Emulsions stabilized with solid nanoparticles: Pickering emulsions[END_REF]. They also allow the fine-tuning of the emulsions towards their application, thanks to the very large number of possible combinations of the different types of particles, the aqueous and the oily phases used. Many types of particles (inorganic or organic) have been used to prepare Pickering emulsions, such as silica particles (widely studied because of the easy modification of their surface hydrophobicity with organosilanes) [START_REF] Binks | Colloidal particles at liquid interfaces[END_REF][START_REF] Yan | On water-in-oil emulsions stabilized by fine solids[END_REF], metallic particles [START_REF] Melle | Pickering Emulsions with Controllable Stability[END_REF][START_REF] Qiao | Magnetorheological behavior of Pickering emulsions stabilized by surface-modified Fe3O4 nanoparticles[END_REF], natural clays [START_REF] Ganley | Steady-state droplet size in montmorillonite stabilised emulsions[END_REF][START_REF] Nciri | Rheological studies in the bulk and at the interface of Pickering oil/water emulsions[END_REF], polymeric particles [START_REF] Binks | Pickering Emulsions Stabilized by Monodisperse Latex Particles: Effects of Particle Size[END_REF][START_REF] Laredj-Bourezg | Emulsions stabilized with organic solid particles[END_REF][START_REF] Li | Fundamental Study of Emulsions Stabilized by Soft and Rigid Particles[END_REF][START_REF] Albert | Bare and Sterically Stabilized PLGA Nanoparticles for the Stabilization of Pickering Emulsions[END_REF], proteins [START_REF] Paunov | Emulsions stabilised by food colloid particles: Role of particle adsorption and wettability at the liquid interface[END_REF][START_REF] Gao | Edible Pickering emulsion stabilized by protein fibrils. Part 1: Effects of pH and fibrils concentration[END_REF][START_REF] Destribats | Emulsions stabilised by whey protein microgel particles: towards food-grade Pickering emulsions[END_REF], cellulose [START_REF] Capron | Surfactant-Free High Internal Phase Emulsions Stabilized by Cellulose Nanocrystals[END_REF][START_REF] Duffus | A comparative study on the capacity of a range of food-grade particles to form stable O/W and W/O Pickering emulsions[END_REF], starch [START_REF] Rayner | Biomass-based particles for the formulation of Pickering type emulsions in food and topical applications[END_REF][START_REF] Marto | Design of novel starch-based Pickering emulsions as platforms for skin photoprotection[END_REF] and others. Besides allowing the stabilization of O/W and W/O simple emulsions [START_REF] Aveyard | Emulsions stabilised solely by colloidal particles[END_REF][START_REF] Schmitt | Colloidal particles as liquid dispersion stabilizer: Pickering emulsions and materials thereof[END_REF], solid particles also allow the stabilization of W/W [START_REF] Nicolai | Particle stabilized water in water emulsions[END_REF] and O/O [START_REF] Binks | Oil-in-oil emulsions stabilised solely by solid particles[END_REF] emulsions. Multiple W/O/W, O/W/O (oil-in-water-in-oil) and O/O/O (oil-in-oil-in-oil) Pickering emulsions can also be prepared in two steps using two types of particles [START_REF] Aveyard | Emulsions stabilised solely by colloidal particles[END_REF][START_REF] Tyowua | Double oil-in-oil-in-oil emulsions stabilised solely by particles[END_REF] and, more surprisingly, in a single step using only one type of particle [START_REF] Albert | Bare and Sterically Stabilized PLGA Nanoparticles for the Stabilization of Pickering Emulsions[END_REF][START_REF] Binks | Types of Phase Inversion of Silica Particle Stabilized Emulsions Containing Triglyceride Oil[END_REF][START_REF] White | Inversion of particle-stabilized emulsions of partially miscible liquids by mild drying of modified silica particles[END_REF][START_REF] Zhu | One-step formation of multiple Pickering emulsions stabilized by self-assembled poly(dodecyl acrylate-co-acrylic acid) nanoparticles[END_REF][START_REF] Chen | Influence of the particle type on the rheological behavior of Pickering emulsions[END_REF][START_REF] He | Factors that Affect Pickering Emulsions Stabilized by Graphene Oxide[END_REF][START_REF] Tang | Factors that affect the stability, type and morphology of Pickering emulsion stabilized by silver nanoparticles/graphene oxide nanocomposites[END_REF][START_REF] Nonomura | Multiple Pickering Emulsions Stabilized by Microbowls[END_REF][START_REF] Read | Effect of Varying the Oil Phase on the Behavior of pH-Responsive Latex-Based Emulsifiers: Demulsification versus Transitional Phase Inversion[END_REF]. Multiple Pickering emulsions, in addition to providing the same benefits as multiple emulsions stabilized by surfactants (multiple encapsulation, protection, controlled and sustained release), are particularly attractive as they exhibit a simple preparation process (the possibility to be prepared in a single step) and a long-term stability that are challenging to obtain when using surfactants [START_REF] Clegg | One-step production of multiple emulsions: microfluidic, polymer-stabilized and particle-stabilized approaches[END_REF]. More recently, high internal phase emulsions (HIPE, which is an emulsion with a volume fraction of dispersed phase above 0.74) stabilized by solid particles [START_REF] Kim | Processable high internal phase Pickering emulsions using depletion attraction[END_REF] and Pickering nanoemulsions [START_REF] Persson | Creation of well-defined particle stabilized oil-in-water nanoemulsions[END_REF] have also been prepared.

The increasing use of Pickering emulsions is also due to the numerous possibilities for applications in food [START_REF] Berton-Carabin | Pickering Emulsions for Food Applications: Background, Trends, and Challenges[END_REF], pharmaceuticals [START_REF] Marto | Pickering emulsions: challenges and opportunities in topical delivery[END_REF][START_REF] Wu | Recent Studies of Pickering Emulsions: Particles Make the Difference[END_REF], material preparation [START_REF] Colver | Cellular Polymer Monoliths Made via Pickering High Internal Phase Emulsions[END_REF][START_REF] Menner | Particle-Stabilized Surfactant-Free Medium Internal Phase Emulsions as Templates for Porous Nanocomposite Materials: poly-Pickering-Foams[END_REF][START_REF] Barg | Cellular ceramics from emulsified suspensions of mixed particles[END_REF][START_REF] Fujii | Pickering emulsion engineering: fabrication of materials with multiple cavities[END_REF][START_REF] Fujisawa | Facile Route to Transparent, Strong, and Thermally Stable Nanocellulose/Polymer Nanocomposites from an Aqueous Pickering Emulsion[END_REF], crude oil recuperation [START_REF] Alvarado | Stability Proxies for Water-in-Oil Emulsions and Implications in Aqueous-based Enhanced Oil Recovery[END_REF][START_REF] Son | The potential applications in oil recovery with silica nanoparticle and polyvinyl alcohol stabilized emulsion[END_REF][START_REF] Afzalitabar | Preference of multi-walled carbon nanotube (MWCNT) to single-walled carbon nanotube (SWCNT) and activated carbon for preparing silica nanohybrid pickering emulsion for chemical enhanced oil recovery (C-EOR)[END_REF], colloidosomes formation [START_REF] He | Synthesis of polyaniline/nano-CeO2 composite microspheres via a solid-stabilized emulsion route[END_REF][START_REF] Colver | Supracolloidal Structures through Liquid-Liquid Interface Driven Assembly and Polymerization[END_REF][START_REF] Bon | Pickering stabilization as a tool in the fabrication of complex nanopatterned silica microcapsules[END_REF][START_REF] Gao | Suspension polymerization based on inverse Pickering emulsion droplets for thermo-sensitive hybrid microcapsules with tunable supracolloidal structures[END_REF], Pickering emulsion polymerization [START_REF] Wang | Facile fabrication of nanocomposite microspheres with polymer cores and magnetic shells by Pickering suspension polymerization[END_REF], catalysis [START_REF] Pera-Titus | Pickering Interfacial Catalysis for Biphasic Systems: From Emulsion Design to Green Reactions[END_REF][START_REF] Zhou | Tunable Catalysts for Solvent-Free Biphasic Systems: Pickering Interfacial Catalysts over Amphiphilic Silica Nanoparticles[END_REF][START_REF] Jiang | Pickering emulsion stabilized by lipase-containing periodic mesoporous organosilica particles: A robust biocatalyst system for biodiesel production[END_REF], molecular imprinting [START_REF] Ye | Synthetic Strategies in Molecular Imprinting[END_REF] or solid dried emulsions [START_REF] Hu | Dried and Redispersible Cellulose Nanocrystal Pickering Emulsions[END_REF][START_REF] Mchale | Liquid marbles: principles and applications[END_REF]. The studies presented in this review deal with Pickering emulsions that can be potentially used for a pharmaceutical application and which are exclusively stabilized by particles without any additional surfactant. Numerous reviews have already been published on Pickering emulsions in general and on some of the key parameters governing their properties [START_REF] Aveyard | Emulsions stabilised solely by colloidal particles[END_REF][START_REF] Chevalier | Emulsions stabilized with solid nanoparticles: Pickering emulsions[END_REF][START_REF] Schmitt | Colloidal particles as liquid dispersion stabilizer: Pickering emulsions and materials thereof[END_REF][START_REF] Wu | Recent Studies of Pickering Emulsions: Particles Make the Difference[END_REF][START_REF] Binks | Particles as surfactants -similarities and differences[END_REF][START_REF] Leal-Calderon | Solid-stabilized emulsions[END_REF][START_REF] Dugyala | Shape anisotropic colloids: synthesis, packing behavior, evaporation driven assembly, and their application in emulsion stabilization[END_REF][START_REF] Deshmukh | Hard and soft colloids at fluid interfaces: Adsorption, interactions, assembly & rheology[END_REF][START_REF] Yang | An Overview of Pickering Emulsions: Solid-Particle Materials, Classification, Morphology, and Applications[END_REF]. More recently, a few reviews have dealt with emulsions stabilized by natural emulsifiers [START_REF] Mcclements | Natural emulsifiers -Biosurfactants, phospholipids, biopolymers, and colloidal particles: Molecular and physicochemical basis of functional performance[END_REF], particles of biological origin [START_REF] Lam | Pickering stabilization of foams and emulsions with particles of biological origin[END_REF], naturally-derived or biodegradable particles [START_REF] Calabrese | Pickering emulsions stabilized by naturally derived or biodegradable particles[END_REF], or by particles intended for food applications [START_REF] Berton-Carabin | Pickering Emulsions for Food Applications: Background, Trends, and Challenges[END_REF]. However, very few reviews have focused on pharmaceutical aspects.

Marto et al. [START_REF] Marto | Pickering emulsions: challenges and opportunities in topical delivery[END_REF] and Chevalier et al. [START_REF] Chevalier | Pickering Emulsions for Controlled Drug Delivery to the Skin[END_REF] both proposed reviews devoted to topical delivery only and Wu & Ma [START_REF] Wu | Recent Studies of Pickering Emulsions: Particles Make the Difference[END_REF] described biomedical applications of Pickering emulsions in the last part of their article.

Here, we propose to discuss the interest and the potential of Pickering emulsions for pharmaceutical applications, taking all possible administration routes into consideration.

Regarding these pharmaceutical applications, even if biocompatible inorganic particles are interesting especially for theranostic [START_REF] Xie | Nanoparticle-based theranostic agents[END_REF], we will exclusively focus on organic particles as they are potentially more biocompatible and biodegradable than inorganic ones. Many definitions of the term biodegradable exist. We will consider biodegradable here to mean materials that are degradable in biological environments through enzymatic or non-enzymatic hydrolysis. In the first part, the main preparation processes of Pickering emulsions are presented and their advantages and disadvantages are discussed. Then, the key parameters governing Pickering emulsions type, droplet size and stability are analyzed. Finally, the potential of Pickering emulsions stabilized by various organic particles for pharmaceutical applications are discussed.

Emulsification processes for Pickering emulsions preparation

All emulsification processes used to prepare emulsions stabilized by surfactants can be applied to prepare Pickering emulsions. However, rotor-stator homogenization, high-pressure homogenization and sonication are the most commonly used to formulate Pickering emulsions.

Recently, techniques such as membrane emulsification and microfluidic emulsification were also applied to Pickering emulsion preparation.

Rotor-stator homogenization

More than half of the Pickering emulsions presented in this review are prepared by rotor-stator homogenization (see part 4). A rotor-stator homogenizer simply consists of a rotor with blades and a stator with openings. As the rotor rotates, a depression is created, drawing the liquid in and out and resulting in liquid circulation (Figure 1). The droplet size of the dispersed phase is reduced because of the high liquid acceleration and of the shear force occurring between rotor and stator. The rotation speed and the homogenization time are the first parameters for the control of the emulsion droplet size with a rotor-stator homogenizer [START_REF] Maa | Liquid-liquid emulsification by rotor/stator homogenization[END_REF]. In most publications, the speed of the rotor-stator homogenizer is given in rpm (revolution per minute) which is not an indicator of power. Instead, the velocity of the rotor should be given but, as it cannot be calculated from most publications (because the diameter value is seldom provided), the rpm value will be presented here as well. Thus, in the case of Pickering emulsions, the rotation speeds are mostly in a range from 5 000 to 30 000 rpm (corresponding to a velocity of 5 to 20 m/s when calculation is possible), while the emulsification times range from 30 s to a few minutes. With such parameters, the droplet size distribution is broad (from a few microns to hundreds of microns). The advantages of rotor-stator homogenization are i) the low operating cost and the ease of setting-up which only requires to plunge the probe of the rotor-stator in the container of the three components of the emulsion [START_REF] Bot | Emulsion Gels in Foods[END_REF]; ii) the rapidity of the process which typically takes a few minutes to obtain an emulsion [START_REF] Bot | Emulsion Gels in Foods[END_REF]; iii) the small amount of liquid required, with the possibility to use only a few milliliters (for a preliminary test with expensive components for example) [START_REF] Bot | Emulsion Gels in Foods[END_REF]; and iv) the existence of rotor-stator apparatus available for each step of an emulsion development, from the laboratory to industrial scales. The major drawbacks of the rotor-stator homogenization process are i) a possible lack of uniformity of the homogenized sample, especially when operating near the limit volume of the probe used, but which can be overcome by moving the probe around inside the sample during homogenization) [START_REF] Bot | Emulsion Gels in Foods[END_REF]; ii) the risk of temperature increase that is mostly due to frictional forces during the process, which can induce the destabilization of temperature-sensitive particles and/or of the emulsion (to avoid this effect, the sample can be cooled during homogenization); iii) the limited energy input which limits the formation of small droplets (generally, the droplets formed with a rotor-stator are above 1 µm) [START_REF] Köhler | High pressure emulsification with nano-particles as stabilizing agents[END_REF]; iv) the broad droplet size distribution obtained [START_REF] Thompson | Preparation of Pickering Emulsions and Colloidosomes with Relatively Narrow Size Distributions by Stirred Cell Membrane Emulsification[END_REF]; and v) the high shear rate occurring between the rotor and the stator, which can destabilize or deform fragile particles or aggregates during the emulsification process [START_REF] Destribats | Pickering Emulsions Stabilized by Soft Microgels: Influence of the Emulsification Process on Particle Interfacial Organization and Emulsion Properties[END_REF][START_REF] Yuan | Preparation of particle-stabilized emulsions using membrane emulsification[END_REF]. In the case of microgels, Destribats et al. [START_REF] Destribats | Pickering Emulsions Stabilized by Soft Microgels: Influence of the Emulsification Process on Particle Interfacial Organization and Emulsion Properties[END_REF] showed that the morphology of the microgel changed with the emulsification energy. The microgels were flattened at the interface of emulsions prepared with high energy supply, while they remained spherical at the interface with low energy emulsification. Moreover, they noticed the occurrence of bridging between the droplets in the case of high energy emulsification.

Stator Rotor

High-pressure homogenization

Although high-pressure homogenization is the most frequently used continuous emulsifying process in the industry [START_REF] Stang | Emulsification in High-Pressure Homogenizers[END_REF], this technique is not predominant to prepare Pickering emulsions.

Only less than a fourth of the Pickering emulsions presented in this review was prepared by high-pressure homogenization (see part 4), probably because of the high running cost and the risk of NP degradation during the process (see the drawbacks of the technique discussed below). This technique consists of a high-pressure pump and a homogenizing nozzle. A step of pre-emulsification to obtain a primary coarse emulsion is recommended to obtain, afterward, a fine emulsion at the outlet of the homogenizer. This pre-emulsification step is often performed with a rotor-stator or with a vortex mixer (see part 4). The particles can be introduced at this step or at the inlet of the fine emulsion. Then, the pressure increases thanks to a high-pressure pump and the pre-emulsified mixture is injected in a homogenizing nozzle of small size which disrupts the drops, inducing emulsification (Figure 2). Various homogenizing nozzles exist and can be coupled with a high-pressure pump to form a high-pressure homogenizer [START_REF] Stang | Emulsification in High-Pressure Homogenizers[END_REF]. For Pickering emulsions, the pressure values are commonly in the range from tens to hundreds of MPa (see part 4). Moreover, it is possible to pass the emulsion through the homogenizer repeatedly to reduce the droplet size even further down to the nanometer range [START_REF] Gupta | Surface-active solid lipid nanoparticles as Pickering stabilizers for oil-in-water emulsions[END_REF]. The number of cycles through the homogenizer for Pickering emulsion formation is not always provided by authors.

When information is given, it is often in the range from 1 to 10 (see part 4). With these parameters, the droplet sizes of the obtained Pickering emulsions range from hundreds of nanometers to hundreds of micrometers (see part 4). The emulsion droplet size can be controlled, during the emulsification process, by both the pressure value and the number of homogenizing cycles. Köhler et al. [START_REF] Köhler | High pressure emulsification with nano-particles as stabilizing agents[END_REF] noticed that, for emulsions stabilized with silica NP, a pressure increase from 10 to 100 MPa induces a droplet size decrease from 40 down to 9 µm. As a general rule, droplets formed with high-pressure homogenization are smaller than those formed with rotor-stator homogenization. The main difference between these two homogenization processes lies in the possibility to form Pickering nanoemulsions with highpressure homogenization [START_REF] Gupta | Surface-active solid lipid nanoparticles as Pickering stabilizers for oil-in-water emulsions[END_REF][START_REF] Cossu | Antifungal activity against Candida albicans of starch Pickering emulsion with thymol or amphotericin B in suspension and calcium alginate films[END_REF]. The formation of Pickering nanoemulsions may appear surprising as it is commonly admitted that the particles should be much smaller than the droplet they stabilize (see section 3.5). However, Gupta and Rousseau [START_REF] Gupta | Surface-active solid lipid nanoparticles as Pickering stabilizers for oil-in-water emulsions[END_REF] successfully stabilized nanodroplets with an average diameter of 460 nm with solid lipid nanoparticles (SLN) of 150 nm.

It appeared that the size of the SLN actually stabilizing the nanodroplets was between 20 and 120 nm. In this case, particles might have possibly been disrupted during the high energy emulsification process. The advantages of high-pressure homogenization are i) the ability to process large volume samples in a continuous and reproducible manner [START_REF] Köhler | High pressure emulsification with nano-particles as stabilizing agents[END_REF]; ii) the possibility to obtain very small droplets, even down to hundreds of nanometers [START_REF] Köhler | High pressure emulsification with nano-particles as stabilizing agents[END_REF]; and iii) the possibility to tune the droplet size by increasing the pressure value [START_REF] Köhler | High pressure emulsification with nano-particles as stabilizing agents[END_REF] or the number of homogenizing cycles [START_REF] Roustel | Homogénéisation à haute pression des dispersions alimentaires liquides[END_REF].

However, it also has some drawbacks such as i) the energy consumption inducing a high running cost [START_REF] Köhler | High pressure emulsification with nano-particles as stabilizing agents[END_REF]; ii) the minimum volume needed, which is of tens of milliliters (larger than with rotor-stator homogenizer), also inducing a high cost for emulsions with expensive components; iii) the difficult cleaning, which can induce cross-contamination; iv) the risk of damage to the high-pressure homogenizer that can be caused by highly abrasive particles. This last problem can be solved by the addition of the particles just after the nozzle with the mixing stream [START_REF] Köhler | High pressure emulsification with nano-particles as stabilizing agents[END_REF]. In this latter case, the droplet size is highly dependent on the adsorption kinetics of particles (see section 3.3); v) a temperature increase can require a cooling system to avoid particle and/or emulsion destabilization, as with rotor-stator homogenization [START_REF] Roustel | Homogénéisation à haute pression des dispersions alimentaires liquides[END_REF]; vi) the high shear rate can deform or destabilize fragile particles or aggregates during the emulsification process [START_REF] Yuan | Preparation of particle-stabilized emulsions using membrane emulsification[END_REF] and vii) a broad droplet size distribution is obtained [START_REF] Thompson | Preparation of Pickering Emulsions and Colloidosomes with Relatively Narrow Size Distributions by Stirred Cell Membrane Emulsification[END_REF].

Ultrasonic (or sonic) emulsification

Ultrasounds are characterized by a frequency above 16 kHz. Only high power ultrasounds, with a frequency between 16 and 100 kHz (and to a lesser extent those between 100 kHz and 1 MHz), are able to interact with matter and can be used for emulsification [START_REF] Canselier | Ultrasound Emulsification-An Overview[END_REF]. As for highpressure homogenization, only less than a fourth of the Pickering emulsions presented in this High pressure
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Valve review were prepared by ultrasonic emulsification (see part 4). Various types of ultrasonic devices exist, the most commonly used for Pickering emulsion preparation is the ultrasonic probe. A titanium probe vibrates due to a transducer that contains a piezoelectric crystal, which converts the electric energy to very high-frequency mechanical motion. The probe transmits the ultrasonic energy to the surrounding sample, inducing the emulsification mostly by cavitation [START_REF] Canselier | Ultrasound Emulsification-An Overview[END_REF] and ultrasonic forces. The ultrasound frequency and amplitude, as well as the emulsification time, are the major parameters influencing the droplet size [START_REF] Kaltsa | Influence of Ultrasonication Parameters on Physical Characteristics of Olive Oil Model Emulsions Containing Xanthan[END_REF]. As with the highpressure homogenizer, a pre-emulsification step can help to form finer emulsion droplets [START_REF] Canselier | Ultrasound Emulsification-An Overview[END_REF].

Ultrasonic homogenization can be used with a large range of volumes, from hundreds of microliters to hundreds of milliliters. The most commonly used parameters to prepare Pickering emulsions are difficult to provide as, surprisingly, the frequency and the amplitude are often missing information in publications. Moreover, when the amplitude is provided, it is expressed in percentage, which is useless without the technical specification of the apparatus used. When provided, the amplitude ranges from tens to hundreds of watts and the frequency is often in the low range , which is known to be the range in which the smallest droplet sizes are obtained [START_REF] Canselier | Ultrasound Emulsification-An Overview[END_REF] (see part 4). The emulsification time is, generally, of a few minutes. With these parameters, the droplet sizes of the Pickering emulsions obtained are close to those obtained with high-pressure homogenization, from hundreds of nanometers to hundreds of micrometers (see part 4). With graphene oxide particles, He et al. [START_REF] He | Factors that Affect Pickering Emulsions Stabilized by Graphene Oxide[END_REF] observed that an increased sonication time allowed to reduce droplet size and polydispersity. They explained this phenomenon by a decrease of the particle size (see section 3.5), since sonication can crush the particles. The authors also noticed that the influence of the emulsification time is less important than that of the particle concentration.

The main advantages of ultrasonic emulsification are, as with rotor-stator homogenization, i) the ease of setting up the process, which only requires lowering the ultrasonic probe in the vessel containing the three components of the emulsion; ii) the rapidity of the process which usually takes a few minutes to obtain an emulsion; iii) the small amount of liquid required to use the technique, with the possibility to use only a few milliliters (for preliminary tests with expensive components for example); and iv) the possibility to prepare Pickering emulsions with droplets of nanometer size [104][START_REF] Sarker | Protein Nanocage as a pH-Switchable Pickering Emulsifier[END_REF][START_REF] Castel | Droplet size distribution, rheological behavior and stability of corn oil emulsions stabilized by a novel hydrocolloid (Brea gum) compared with gum arabic[END_REF].

However, the major drawbacks of this process are i) the risk of trace amounts of titanium deposition into the sample, which can be a problem in the case of pharmaceutical Pickering emulsions [START_REF] Santos | Ultrasound in Chemistry[END_REF]; ii) the risk of fragile particle or particle aggregate disruption during emulsification, as with the two previous processes presented above [START_REF] He | Factors that Affect Pickering Emulsions Stabilized by Graphene Oxide[END_REF][START_REF] Yuan | Preparation of particle-stabilized emulsions using membrane emulsification[END_REF]; iii) the difficulties to use this technique for an industrial scale-up [104]; iv) the broad droplet size distribution obtained [START_REF] Thompson | Preparation of Pickering Emulsions and Colloidosomes with Relatively Narrow Size Distributions by Stirred Cell Membrane Emulsification[END_REF]; and v) the important temperature increase during the emulsification process [START_REF] Canselier | Ultrasound Emulsification-An Overview[END_REF], which can be a problem for thermo-sensitive particles or emulsion stability. However, this latter drawback can be overcome by using ultrasounds with a pulsed mode or, as seen in the two processes above, by using a cooling system.

Membrane emulsification

The membrane emulsification method is a drop-by-drop technology [START_REF] Nakashima | Membrane Emulsification by Microporous Glass[END_REF]. The two main types of membrane emulsification techniques are the direct membrane emulsification (DME) and the premix membrane emulsification (PME). In the DME, the dispersed phase is pressed or injected through a microporous membrane into the continuous phase (Figure 3a) [START_REF] Joscelyne | Membrane emulsification-a literature review[END_REF]. The same principle is applied to the PME, except that it is the pre-emulsified mixture that is pressed through the membrane (Figure 3b).

Techniques derived from the DME principle using low shear forces acting on the surface of the membrane to detach the droplets are also used, such as the stirred-cell membrane emulsification (SCME) [START_REF] Thompson | Preparation of Pickering Emulsions and Colloidosomes with Relatively Narrow Size Distributions by Stirred Cell Membrane Emulsification[END_REF][START_REF] Sun | Preparation of Uniform Particle-Stabilized Emulsions Using SPG Membrane Emulsification[END_REF], the rotational membrane emulsification (RME) [START_REF] Yuan | Preparation of particle-stabilized emulsions using membrane emulsification[END_REF][START_REF] Manga | Production of solid-stabilised emulsions through rotational membrane emulsification: influence of particle adsorption kinetics[END_REF], the vibrational membrane emulsification (VME) [START_REF] Kelder | Membrane emulsification with vibrating membranes: A numerical study[END_REF] and the cross-flow membrane emulsification (XME) [START_REF] Yuan | Preparation of particle-stabilized emulsions using membrane emulsification[END_REF]. For the SCME (Figure 3d), an additional mechanical agitation is applied in the receptor chamber [START_REF] Thompson | Preparation of Pickering Emulsions and Colloidosomes with Relatively Narrow Size Distributions by Stirred Cell Membrane Emulsification[END_REF]. For the RME (Figure 3c) and VME, the dispersed phase is pressed through, respectively, a rotating or a vibrating membrane in the continuous phase [START_REF] Yuan | Preparation of particle-stabilized emulsions using membrane emulsification[END_REF]. For the XME (Figure 3d), the dispersed phase is pressed through a membrane tube in a flowing continuous phase. In all cases, the agitation causes the detachment of the droplets from the membrane, and thus induces a smaller droplet size [START_REF] Vladisavlevic | Production of Monodispersed Emulsion Using Shirasu Porous Glass Membranes[END_REF].

In comparison with the three processes previously presented, the membrane emulsification processes have the advantages of i) being a well-suited technique for shear-sensitive products: as the shear is low, there is no risk of disruption for sensitive particles or particles aggregates [START_REF] Yuan | Preparation of particle-stabilized emulsions using membrane emulsification[END_REF]; ii) producing small, size-controlled and uniform emulsions with low polydispersity [START_REF] Yuan | Preparation of particle-stabilized emulsions using membrane emulsification[END_REF][START_REF] Sun | Preparation of Uniform Particle-Stabilized Emulsions Using SPG Membrane Emulsification[END_REF][START_REF] Vladisavlevic | Production of Monodispersed Emulsion Using Shirasu Porous Glass Membranes[END_REF]; iii) consuming low energy, inducing a low running cost [START_REF] Thompson | Preparation of Pickering Emulsions and Colloidosomes with Relatively Narrow Size Distributions by Stirred Cell Membrane Emulsification[END_REF]; and iv) producing no heat during the emulsification process, and thus limiting the risk of destabilization for thermosensitive particles and emulsions. Nevertheless, this technique also has some drawbacks: it is time-consuming (for example Sun et al. [START_REF] Sun | Preparation of Uniform Particle-Stabilized Emulsions Using SPG Membrane Emulsification[END_REF] used a flow rate of 2 mL/h). It is suitable for low viscosity systems only (the system should be able to be pushed through the membrane) [START_REF] Yuan | Enhancing the Throughput of Membrane Emulsification Techniques To Manufacture Functional Particles[END_REF] and this system is presently not suitable for industrial scale-up [START_REF] Schroën | Microfluidic emulsification devices: from micrometer insights to large-scale food emulsion production[END_REF], even if parallelization is considered.

The droplet size is principally controlled by the membrane pore size, the injection rate and the agitation speed for SCME, RME, VME and XME. The membranes can exhibit a wide range of uniform pore size from tens of nanometers to tens of micrometers, with a tunable hydrophobicity [START_REF] Vladisavlevic | Production of Monodispersed Emulsion Using Shirasu Porous Glass Membranes[END_REF]. An increase of the membrane pore size logically induces an increase of the Pickering emulsion droplet size. The emulsion droplet size is usually 3 to 9 times larger than the membrane pore size [START_REF] Vladisavlevic | Production of Monodispersed Emulsion Using Shirasu Porous Glass Membranes[END_REF]. A slower injection rate leads to smaller and more uniform droplets [START_REF] Thompson | Preparation of Pickering Emulsions and Colloidosomes with Relatively Narrow Size Distributions by Stirred Cell Membrane Emulsification[END_REF][START_REF] Yuan | Preparation of particle-stabilized emulsions using membrane emulsification[END_REF]. Yuan et al. [START_REF] Yuan | Preparation of particle-stabilized emulsions using membrane emulsification[END_REF] showed the existence of a critical flow rate value (0.1 m 3 .m -2 .h -1 with their parameters) below which the emulsions produced were very stable with constant droplet size, and above which the emulsion droplets were larger due to a coalescence phenomenon.

Finally, an agitation/rotation speed increase leads to a droplet size decrease, because it induces an easier detachment of the droplets from the membrane [START_REF] Yuan | Preparation of particle-stabilized emulsions using membrane emulsification[END_REF][START_REF] Manga | Production of solid-stabilised emulsions through rotational membrane emulsification: influence of particle adsorption kinetics[END_REF]. At low rotation speed, the shear is very low. Thus, the droplets grow on the membrane before detachment occurs, leading to large droplet size. Manga et al. [START_REF] Manga | Production of solid-stabilised emulsions through rotational membrane emulsification: influence of particle adsorption kinetics[END_REF] also demonstrated that a minimum droplet size exists, even if the rotation speed still increases. This has been attributed to a competition between the particle adsorption rate at the oil/water interface and the droplet detachment rate from the membrane. If the particles have a slow rate of adsorption at the interface, the uncovered droplets have time to coalesce before being stabilized inducing a size increase [START_REF] Yuan | Preparation of particle-stabilized emulsions using membrane emulsification[END_REF][START_REF] Manga | Production of solid-stabilised emulsions through rotational membrane emulsification: influence of particle adsorption kinetics[END_REF]. This particle adsorption rate parameter will be further discussed in section 3.3.

Microfluidic devices

Microfluidic emulsification, as membrane emulsification, is a drop-by-drop technology that can be used to prepare Pickering emulsions [START_REF] Xu | Preparation of particle-stabilized oil-in-water emulsions with the microchannel emulsification method[END_REF][START_REF] Nie | An "Inside-Out" Microfluidic Approach to Monodisperse Emulsions Stabilized by Solid Particles[END_REF][START_REF] Priest | Formation and stability of nanoparticle-stabilised oil-inwater emulsions in a microfluidic chip[END_REF][START_REF] Subramaniam | Controlled assembly of jammed colloidal shells on fluid droplets[END_REF]. Microfluidic devices consist of a micrometer size channel with a particular geometry in which fluids are circulating. They allow the formation of droplets of liquid in another liquid, and thus to produce emulsions. Indeed, in laminar flow, droplets are deformed and broken by simple shear flow or elongational flow. Droplet break-up results from extension, tip streaming or trailing. Several microfluidics devices are able to produce emulsions, such as T-junction devices [START_REF] Engl | Controlled production of emulsions and particles by milliand microfluidic techniques[END_REF][START_REF] Seemann | Droplet based microfluidics[END_REF][START_REF] Vladisavljević | Production of uniform droplets using membrane, microchannel and microfluidic emulsification devices[END_REF] in which the dispersed phase is forced to flow through a small orifice into the perpendicular flowing continuous phase (Figure 4a), flow focusing devices [START_REF] Engl | Controlled production of emulsions and particles by milliand microfluidic techniques[END_REF][START_REF] Seemann | Droplet based microfluidics[END_REF][START_REF] Vladisavljević | Production of uniform droplets using membrane, microchannel and microfluidic emulsification devices[END_REF] in which the flowing dispersed phase is focused by two perpendicular streams of the continuous phase from both sides, inducing the formation of a jet and then of droplets (Figure 4b), and terrace (or plateau) devices [START_REF] Schroën | Microfluidic emulsification devices: from micrometer insights to large-scale food emulsion production[END_REF][START_REF] Vladisavljević | Production of uniform droplets using membrane, microchannel and microfluidic emulsification devices[END_REF] in which the dispersed phase, surrounded by the continuous phase, circulates in a restricted microchannel with a step. Once arriving at the step, the Laplace pressure is reduced, inducing the formation of droplets. All these microfluidic devices can be used to prepare Pickering emulsions. However, to avoid coalescence in the system, sufficient time is needed for the droplets to be covered by particles before encountering other droplets [START_REF] Xu | Preparation of particle-stabilized oil-in-water emulsions with the microchannel emulsification method[END_REF]. The droplet size and the droplet coverage with particles can be tuned by changing the flow rate [START_REF] Nie | An "Inside-Out" Microfluidic Approach to Monodisperse Emulsions Stabilized by Solid Particles[END_REF] or the microchannel geometry. An increase in the flow rate induces an increase of droplet size [START_REF] Holtze | Large-scale droplet production in microfluidic devices-an industrial perspective[END_REF]. Interestingly, this is also the only emulsification technique which allows the production of multiple emulsions with complete control on the number of encapsulated inner droplets and on their encapsulation rate [START_REF] Engl | Controlled production of emulsions and particles by milliand microfluidic techniques[END_REF]. [START_REF] Xu | Preparation of particle-stabilized oil-in-water emulsions with the microchannel emulsification method[END_REF] As for the membrane emulsification methods, the microfluidic emulsification is interesting because of the following advantages: i) there is no extensive mechanical shear, and thus no significant disrupting effect on fragile particles or on particle aggregates during emulsification [START_REF] Yuan | Preparation of particle-stabilized emulsions using membrane emulsification[END_REF][START_REF] Xu | Preparation of particle-stabilized oil-in-water emulsions with the microchannel emulsification method[END_REF]; ii) an excellent control of droplet size is achieved [START_REF] Yuan | Preparation of particle-stabilized emulsions using membrane emulsification[END_REF] with an even better monodispersity (typically with coefficient of variation below 5%) than with membrane emulsification and, therefore, than with homogenization techniques (see Figure 4c and4d) [START_REF] Thompson | Preparation of Pickering Emulsions and Colloidosomes with Relatively Narrow Size Distributions by Stirred Cell Membrane Emulsification[END_REF][START_REF] Sun | Preparation of Uniform Particle-Stabilized Emulsions Using SPG Membrane Emulsification[END_REF][START_REF] Xu | Preparation of particle-stabilized oil-in-water emulsions with the microchannel emulsification method[END_REF]; iii) the low energy consumption induces a low running cost; iv) a small amount of liquid is required; and v) there is no heat production during the emulsification process, and thus no risk of destabilization for thermo-sensitive particles and emulsions.

Nevertheless, this technique also presents some drawbacks such as i) the low preparation flux which leads to a low-throughput production, which can be a problem for a potential industrialization [START_REF] Schroën | Microfluidic emulsification devices: from micrometer insights to large-scale food emulsion production[END_REF][START_REF] Holtze | Large-scale droplet production in microfluidic devices-an industrial perspective[END_REF]; ii) the risk of interaction between the droplets and the channel 14 [START_REF] Engl | Controlled production of emulsions and particles by milliand microfluidic techniques[END_REF][START_REF] Chu | Controllable Monodisperse Multiple Emulsions[END_REF]; and iii) the limitation to liquids with low viscosities able to flow through the microchannel [START_REF] Nie | An "Inside-Out" Microfluidic Approach to Monodisperse Emulsions Stabilized by Solid Particles[END_REF]. Table 1 summarizes the major advantages of each technique. Currently, no Pickering emulsion is produced at an industrial scale, but only rotor-stator homogenization and high-pressure homogenization could be used right away in case of industrialization. However, the other processes remain interesting. Indeed, if the scale-up issues were overcome, the low shear processes (membrane and microfluidic emulsification) would be particularly well suited for the formulation of pharmaceutical emulsions, as they allow the production of droplets with low polydispersity, they do not damage fragile particles and they present no risk of temperature increase, which is interesting for temperature-sensitive API. They also allow the formation of droplets with low energy consumption, which is a crucial criterion for future industrialization.

Moreover, the low shear processes as well as the high-pressure homogenization allow the preparation of sub-micrometer droplets, which is interesting for parenteral administration, as the droplet should be smaller than 5 µm. The emulsification process is the first leverage on which it is possible to act in order to control the emulsion properties such as emulsion type and droplet size, but there are numerous other key parameters which can be used in order to tune emulsion properties.

Key parameters governing Pickering emulsion type, droplet size and stability

Particle wettability: the three-phase contact angle

The particles used to formulate Pickering emulsions should be wetted by both the dispersed and the continuous phases. Thus, particle wettability is a crucial parameter [START_REF] Finkle | The theory of emulsification1[END_REF][START_REF] Binks | Solid Wettability from Surface Energy Components: Relevance to Pickering Emulsions[END_REF]. In Pickering emulsion studies, particle wettability is characterized by the three-phase contact angle (θ). The latter, measured in the aqueous phase, corresponds to the angle between the aqueous phase, the oil phase and the particles (Figure 5), and is commonly defined by the Young equation: Equation 1where γ po , γ pw , γ ow are, respectively the particle-oil, particle-water and oil-water interfacial tensions (Figure 5). For particles stabilizing Pickering emulsions, θ is the equivalent of the HLB (hydrophilic-lipophilic balance) for surfactants [START_REF] Griffin | Classification of surface-active agents by "HLB[END_REF]. They both denote the relative affinity of the particles or surfactants for oil and water. The emulsion type mainly follows the empirical Finkle rule, which is the equivalent for Pickering emulsions of the Bancroft rule used for emulsions stabilized by surfactants [START_REF] Finkle | The theory of emulsification1[END_REF][START_REF] Bancroft | The theory of emulsification, V[END_REF]. Indeed, it is commonly admitted that θ is directly linked to the type of the stabilized emulsion (O/W, W/O or multiple) [START_REF] Aveyard | Emulsions stabilised solely by colloidal particles[END_REF]. When θ < 90 °, particles are mostly hydrophilic and can stabilize O/W emulsions as a larger part of the particles is immersed in the aqueous phase. Conversely, when θ > 90 °, particles are mostly hydrophilic and favor the stabilization of W/O emulsion (Figure 5). To obtain a firm anchoring of the particles at the interface, θ should be close to 90° (this point will be further discussed in section 3.3.). However, this rule is not always verified. By changing other parameters that will be later described, particles with initially θ < 90 are able to stabilize O/W emulsions and, conversely, particles with θ > 90° are able to stabilize W/O emulsions [START_REF] He | Factors that Affect Pickering Emulsions Stabilized by Graphene Oxide[END_REF]. It should also be noted that emulsion stabilization has been obtained with fully hydrophilic or hydrophobic particles [START_REF] Xu | Preparation of particle-stabilized oil-in-water emulsions with the microchannel emulsification method[END_REF]. In some recent studies, it was assumed that particles with θ = 90 (or very close) would enable the formation of double emulsions, thanks to their capacity to adsorb at both interfaces: O/W and W/O [START_REF] Zhu | One-step formation of multiple Pickering emulsions stabilized by self-assembled poly(dodecyl acrylate-co-acrylic acid) nanoparticles[END_REF][START_REF] Chen | Influence of the particle type on the rheological behavior of Pickering emulsions[END_REF][START_REF] Binks | Phase inversion of particle-stabilised perfume oil-water emulsions: experiment and theory[END_REF]. The stabilization mechanism with "droplets bridging" also depends on θ, as it is usually observed with particles whose θ is between 30° and 70° [START_REF] French | The secret life of Pickering emulsions: particle exchange revealed using two colours of particle[END_REF]. To control the emulsion type (O/W or W/O, simple or multiple) or the droplet size, the wettability of the particles can be tuned [START_REF] Wang | Tuning Amphiphilicity of Particles for Controllable Pickering Emulsion[END_REF], as for example with silica NP silanization [START_REF] White | Inversion of particle-stabilized emulsions of partially miscible liquids by mild drying of modified silica particles[END_REF][START_REF] Binks | Phase inversion of particle-stabilised perfume oil-water emulsions: experiment and theory[END_REF][START_REF] Weston | Silica Nanoparticle Wettability: Characterization and Effects on the Emulsion Properties[END_REF].

Numerous techniques were developed to measure θ at the oil/water interface. The review of Zanini & Isa [START_REF] Zanini | Particle contact angles at fluid interfaces: pushing the boundary beyond hard uniform spherical colloids[END_REF] gives an excellent overview and description of these techniques. Briefly, they can be classified into two categories: the "ensemble methods" and the "single-particle methods".

The "ensemble methods" are based on statistical measurements on a large range of particles.

They include interfacial particle expulsion [START_REF] Garbin | Forced Desorption of Nanoparticles from an Oil-Water Interface[END_REF], monolayer compression [START_REF] Grigoriev | Contact angle determination of micro-and nanoparticles at fluid/fluid interfaces: the excluded area concept[END_REF], pendant drop tensiometer [START_REF] Du | Adsorption Energy of Nanoand Microparticles at Liquid-Liquid Interfaces[END_REF] or reflectivity methods [START_REF] Binks | Ellipsometric Study of Monodisperse Silica Particles at an Oil-Water Interface[END_REF]. The major advantages of this kind of techniques are that they can be applied to a large range of particles given statistical measurements and that they can be applied to very small particles. Nevertheless, they also present major drawbacks, namely they are insensitive to the particle heterogeneity due to an averaging effect, and they involve assumptions on the interface microstructure, on the particle shape at the interface and on specific adsorption/desorption mechanisms.

For their part, "single particle methods" are mostly based on direct observation of the particles or of their imprint, allowing the assessment of particles heterogeneity without requiring an assumption on particles and interface. The major drawbacks of these methods are that statistical measurements are a challenging task and that the measure of θ on very small particles is extremely complicated or even impossible, since techniques used for the observation are limited to tens of micrometers (in optical and bright field microscopies) or to few micrometers (in interferometry, scanning confocal, digital holographic and Bessel beam microscopies). To improve the sensitivity, some single-particle methods use an additional particle-immobilization technique thus allowing the use of more sensitive observation methods such as SEM (scanning electron microscopy) or AFM (atomic force microscopy). One of them is GTT (gel trapping technique). In this technique, one of the phases is gelified to entrap the particles at the interface.

It is combined with SEM [START_REF] Paunov | Novel Method for Determining the Three-Phase Contact Angle of Colloid Particles Adsorbed at Air-Water and Oil-Water Interfaces[END_REF], which requires a further metalization of the sample or with AFM [START_REF] Arnaudov | Measuring the three-phase contact angle of nanoparticles at fluid interfaces[END_REF]. The size resolution is then pushed down to hundreds of nanometers [START_REF] Cayre | Contact Angles of Colloid Silica and Gold Particles at Air-Water and Oil-Water Interfaces Determined with the Gel Trapping Technique[END_REF], but the addition of a gelation agent (such as gellan gum) in the aqueous phase and an additional heating step are required, which can induce particle or interface deformation. More recently, the freezefracture and shadow-casting cryo-SEM (FreSCa cryo-SEM), another single-particle method using a particle-immobilization technique, was developed [START_REF] Isa | Measuring single-nanoparticle wetting properties by freeze-fracture shadow-casting cryo-scanning electron microscopy[END_REF]. Even if a complex machinery is required for this technique, the resolution is pushed down to tens of nanometers. This is the best resolution obtained with "single-particle methods" so far. However, the choice of the oil is primordial in cryo-SEM techniques in order to avoid oil crystallization, which can induce artifacts or interface deformation during freezing. A self-adsorption of the particles at the interface is also essential, as particles are deposed on a planar liquid-liquid interface without further energy input, which may be a limitation to the adsorption of some particles.

The oil phase and the oil phase/aqueous phase ratio

According to the Young equation (equation 1), the three-phase contact angle is directly linked to the oil used through the interfacial tensions (γ po and γ ow ). Consequently, the choice of the oil is crucial, as the nature of the oil directly affects the value of θ. Even if every other parameter such as the particle type, the particle concentration, the aqueous phase/oil phase ratio and the emulsification process are kept constant, a change in oil can be dramatic for the emulsion stabilization [START_REF] He | Factors that Affect Pickering Emulsions Stabilized by Graphene Oxide[END_REF][START_REF] Read | Effect of Varying the Oil Phase on the Behavior of pH-Responsive Latex-Based Emulsifiers: Demulsification versus Transitional Phase Inversion[END_REF][START_REF] Binks | Effects of oil type and aqueous phase composition on oilwater mixtures containing particles of intermediate hydrophobicity[END_REF][START_REF] Thickett | Graphene oxide (GO) nanosheets as oil-in-water emulsion stabilizers: Influence of oil phase polarity[END_REF][START_REF] Fournier | Effect of dispersed phase viscosity on solidstabilized emulsions[END_REF][START_REF] Tsabet | Effect of Processing Parameters on the Production of Pickering Emulsions[END_REF].

The oil polarity can induce a change in the type or in the stability of the emulsions obtained.

Binks and Lumsdon [START_REF] Binks | Effects of oil type and aqueous phase composition on oilwater mixtures containing particles of intermediate hydrophobicity[END_REF] showed that silica NP with intermediate wettability allow the stabilization of O/W emulsion with non-polar oils (such as hydrocarbons) and W/O emulsions with polar oils (such as esters and alcohols). Silica NP were found to be more hydrophilic in the presence of non-polar oils and more hydrophobic in the presence of polar oils. Read et al. [START_REF] Read | Effect of Varying the Oil Phase on the Behavior of pH-Responsive Latex-Based Emulsifiers: Demulsification versus Transitional Phase Inversion[END_REF] made the same observation with polystyrene latex. Thickett and Zetterlund [START_REF] Thickett | Graphene oxide (GO) nanosheets as oil-in-water emulsion stabilizers: Influence of oil phase polarity[END_REF] found that the stabilization energy associated with the adsorption of graphene oxide particles was higher for non-polar oil compared to polar oils, leading to more stable emulsions in the first case. For their part, He et al. [START_REF] He | Factors that Affect Pickering Emulsions Stabilized by Graphene Oxide[END_REF] highlighted that the stabilizing ability of graphene oxide is improved with aromatic solvents such as aromatic benzyl chloride than with non-aromatic ones such as n-hexane. They explained this phenomenon by preferential π-π interactions between graphene oxide particles and aromatic oil molecules.

The oil phase viscosity can also influence the droplet size and the stability of the emulsion [START_REF] Fournier | Effect of dispersed phase viscosity on solidstabilized emulsions[END_REF][START_REF] Tsabet | Effect of the properties of oil, particles, and water on the production of Pickering emulsions[END_REF]. Fournier et al. [START_REF] Fournier | Effect of dispersed phase viscosity on solidstabilized emulsions[END_REF] noticed that, at constant emulsification time and for a fixed amount of iron particles, the volume of emulsified oil increased when the oil viscosity decreased.

The oil viscosity is a damping factor for particles anchoring at the oil/water interface as it slows down the particles diffusion and adsorption rate. Tsabet and Fradette [START_REF] Tsabet | Effect of the properties of oil, particles, and water on the production of Pickering emulsions[END_REF] obtained a constant emulsion droplet size distribution with silicone oils with a viscosity lower than 486 mPa.s. Above this value, they observed a dramatic size increase. They explained this behavior as a result of a combination between a decrease of the droplets breakage efficacy, the increase of droplets coalescence and the slowdown of the glass particle adsorption rate at the interface.

The oil phase/aqueous phase ratio also affects the droplet size and the type of emulsions. He et al. [START_REF] He | Factors that Affect Pickering Emulsions Stabilized by Graphene Oxide[END_REF] also noticed that the emulsion droplet size increased as the dispersed phase ratio increased with constant graphene oxide particle concentration. Indeed, at a constant droplet size, an increase of the dispersed phase ratio leads to an increase of the interfacial area.

However, if the quantity of particles remains constant, it is not possible to stabilize a larger interfacial area, inducing the formation of larger droplets. Some authors have observed, upon an increase of the dispersed phase ratio, a critical phase inversion (from O/W to W/O or conversely) [START_REF] Binks | Effects of oil type and aqueous phase composition on oilwater mixtures containing particles of intermediate hydrophobicity[END_REF] or a change in the emulsion type (from simple to multiple or conversely) [START_REF] He | Factors that Affect Pickering Emulsions Stabilized by Graphene Oxide[END_REF][START_REF] Tang | Factors that affect the stability, type and morphology of Pickering emulsion stabilized by silver nanoparticles/graphene oxide nanocomposites[END_REF]. He et al.

[53] and Tang et al. [START_REF] Tang | Factors that affect the stability, type and morphology of Pickering emulsion stabilized by silver nanoparticles/graphene oxide nanocomposites[END_REF] both noticed, without providing any explanation, the formation of multiple emulsions for an oil/water ratio of 50/50 or higher. Binks & Lumsdon [START_REF] Binks | Effects of oil type and aqueous phase composition on oilwater mixtures containing particles of intermediate hydrophobicity[END_REF] also showed that, in a water/toluene emulsion stabilized by silica particles containing 67 % of silanol groups on their surface, the critical phase inversion occurred at different ratios depending on the phase in which the particles were firstly dispersed: at a ratio of 60/40 for particles initially dispersed in oil, of 40/60 for particles initially dispersed equally in oil and water, and of 35/65 for particles initially dispersed in water. Below these ratios, these emulsions were W/O, and above, they were O/W. Moreover, the phase in which the particles are dispersed before emulsification also plays a significant role in the type of emulsion obtained. Particles previously dispersed in the aqueous phase will often lead to O/W emulsions. Conversely, when particles are previously dispersed in the oil phase, W/O emulsions will often be preferentially formed [START_REF] Yan | On water-in-oil emulsions stabilized by fine solids[END_REF][START_REF] Binks | Effects of oil type and aqueous phase composition on oilwater mixtures containing particles of intermediate hydrophobicity[END_REF]. The interactions between the particles and the liquids could induce a variation of particle hydrophobicity [START_REF] White | Inversion of particle-stabilized emulsions of partially miscible liquids by mild drying of modified silica particles[END_REF][START_REF] Nonomura | Multiple Pickering Emulsions Stabilized by Microbowls[END_REF]:

particles with initially the same wettability could then display different wettabilities according to the liquid with which they first established contact.

Particle adsorption at the interface

The stabilization mechanism of Pickering emulsion is based on the adsorption of the particles at the oil/water interface. Thus, the adsorption of particles at the interface is a key parameter for Pickering emulsion stabilization.

The free energy of adsorption ΔG d represents the energy required to remove a spherical particle of radius r and of three-phase contact angle θ from an oil/water interface with an interfacial tension γ ow . It is defined by equation 2 [START_REF] Levine | Stabilization of emulsions by fine particles I. Partitioning of particles between continuous phase and oil/water interface[END_REF]:

γ Equation 2
As shown in Figure 6a, the energy required to desorb the particles from the interface is the highest for θ = 90 °. This is consistent with the observation exposed in section 3.1 on the threephase contact angle influence on Pickering emulsion stabilization. For particles of same θ but of different size, the energy of adsorption is the highest for the larger ones (Figure 6b). For particles of same radius r and same contact angle θ, the O/W interfacial tension also affects the energy of adsorption, but the influence is less important than the one of the radius (Figure 6c). In all three cases, the energy of adsorption is higher than the thermal energy (k B T) at 293 K. Thus, from an energetic standpoint, the particles can be considered as irreversibly anchored at the interface. This principle of irreversibility of adsorption is commonly admitted in Pickering emulsion studies [START_REF] Binks | Colloidal particles at liquid interfaces[END_REF][START_REF] Binks | Interfacial structure of solid-stabilised emulsions studied by scanning electron microscopy[END_REF]. The adsorption rate of the particles at the interface is also an important parameter. If the adsorption rate is slower than the coalescence rate of the droplets, droplets can coalesce before being stabilized by particles. This is particularly important in the emulsification techniques without shear, such as membrane and microfluidic emulsifications. With the homogenization techniques, shear facilitates the contact between particles and interface, which reduces the importance of the adsorption rate. An increase of the particle concentration can also favor the formation of smaller droplets, as the interaction between particles and interface is facilitated due to a reduced particle-interface distance.

Particles concentration and surface coverage

Several studies have highlighted a correlation between particle concentration and droplet size.

Three regimes have been identified at low, intermediate and high particle concentration, and related to the interfacial area created during the emulsification process [START_REF] Frelichowska | Effects of solid particle content on properties of o/w Pickering emulsions[END_REF]. At intermediate concentration, the interfacial area created during the emulsification is slightly larger than the one the quantity of particles is able to stabilize. Thus, the droplets coalesce until the entire droplets are sufficiently covered. An emulsion with droplet size controlled by the particle content is often obtained: the size of the droplets decreases when the particle concentration increases. This phenomenon has been called "limited coalescence" [START_REF] Arditty | Some general features of limited coalescence in solid-stabilized emulsions[END_REF]. The resulting emulsions present a homogeneous droplet size distribution directly linked to the particle mass and to the droplet coverage by the following equation [START_REF] Schmitt | Colloidal particles as liquid dispersion stabilizer: Pickering emulsions and materials thereof[END_REF]: Equation 3where D is the final drop diameter, m p is the mass of particles, ρ p is the particle density, V d is the volume of the dispersed phase, C is the surface coverage (the fraction of the droplet interfacial area covered by the particles), a p is the particle area projected on the interface and is the particle volume.

This equation can be applied only if the particles are completely and irreversibly adsorbed at the interface and if the emulsification process produced more O/W interface than what the particles can cover. Then, the coalescence process stops as soon as the O/W interface is sufficiently covered by the particles (Figure 7). However, for most Pickering emulsion systems, even if the increase in particle concentration improves surface coverage, high concentration of particles does not always result in a dense coverage (i.e. densely packed particles layer on the surface) of the droplets [START_REF] Binks | Colloidal particles at liquid interfaces[END_REF][START_REF] Levine | Stabilization of emulsions by fine particles I. Partitioning of particles between continuous phase and oil/water interface[END_REF]. Levine et al. [START_REF] Levine | Stabilization of emulsions by fine particles I. Partitioning of particles between continuous phase and oil/water interface[END_REF] also noticed that, rather than having a random distribution, the weakly covered (i.e. not densely packed particles on the surface) droplets exhibited areas with close-packed particles and areas without particles. Conversely, weak coverage does not necessarily induce poor emulsion stability [START_REF] Midmore | Effect of aqueous phase composition on the properties of a silica-stabilized W/O emulsion[END_REF][START_REF] Destribats | Pickering Emulsions: What Are the Main Parameters Determining the Emulsion Type and Interfacial Properties?[END_REF][START_REF] Vignati | Pickering Emulsions: Interfacial Tension, Colloidal Layer Morphology, and Trapped-Particle Motion[END_REF]. Stable Pickering emulsions were obtained by Vignati et al. [START_REF] Vignati | Pickering Emulsions: Interfacial Tension, Colloidal Layer Morphology, and Trapped-Particle Motion[END_REF] using silica particles with coverage of only 5%. They also observed that at low surface coverage, the particles adsorbed at the droplet surface were able to redistribute themselves in the contact region between droplets and to inhibit droplet coalescence.

The particle concentration can also induce a phase inversion [START_REF] Binks | Inversion of Silica-Stabilized Emulsions Induced by Particle Concentration[END_REF] or tune the emulsion type (simple or multiple) [START_REF] He | Factors that Affect Pickering Emulsions Stabilized by Graphene Oxide[END_REF][START_REF] Tang | Factors that affect the stability, type and morphology of Pickering emulsion stabilized by silver nanoparticles/graphene oxide nanocomposites[END_REF]. For example, by only increasing the concentration of silica particles of intermediate wettability (57% and 71% of silanol on the surface), an O/W emulsion is inverted into a W/O emulsion [START_REF] Binks | Inversion of Silica-Stabilized Emulsions Induced by Particle Concentration[END_REF]. The particle concentration of inversion is lower for the most hydrophobic particles (approximately 1% (w/w) with the 57% SiOH and 2% (w/w) with the 71% SiOH). This inversion only occurred if the particles were first dispersed in oil. Binks et al. [START_REF] Binks | Inversion of Silica-Stabilized Emulsions Induced by Particle Concentration[END_REF] suggested that the effective hydrophobicity of silica particles in the oil dispersion increased with particle concentration because, at high concentration, particles aggregates were formed by hydrogen bonds between silanol groups of different particles. This led to fewer free (hydrophilic) silanol groups available among all particles. Consequently, the particle aggregates, rendered more hydrophobic, stabilized preferentially W/O emulsions. In addition, the formation of multiple emulsions was observed near the inversion point [START_REF] Binks | Phase inversion of particle-stabilised perfume oil-water emulsions: experiment and theory[END_REF][START_REF] Binks | Inversion of Silica-Stabilized Emulsions Induced by Particle Concentration[END_REF]. He et al. [START_REF] He | Factors that Affect Pickering Emulsions Stabilized by Graphene Oxide[END_REF] and Tang et al. [START_REF] Tang | Factors that affect the stability, type and morphology of Pickering emulsion stabilized by silver nanoparticles/graphene oxide nanocomposites[END_REF] observed this change from simple to multiple emulsion by reducing particle concentration. They obtained multiple W/O/W emulsions for particle concentrations below 1 mg/mL and simple O/W emulsion above.

Particle size

It is currently admitted that the particles used to stabilize emulsions should be substantially smaller than the targeted emulsion droplet size [START_REF] Binks | Pickering Emulsions Stabilized by Monodisperse Latex Particles: Effects of Particle Size[END_REF][START_REF] Dickinson | Use of nanoparticles and microparticles in the formation and stabilization of food emulsions[END_REF]. Levine et al. [START_REF] Levine | Stabilization of emulsions by fine particles I. Partitioning of particles between continuous phase and oil/water interface[END_REF] claimed that the stabilizing particles should be, at least, one order of magnitude smaller in diameter than the smallest droplets. However, in some studies [START_REF] He | Factors that Affect Pickering Emulsions Stabilized by Graphene Oxide[END_REF][START_REF] Gupta | Surface-active solid lipid nanoparticles as Pickering stabilizers for oil-in-water emulsions[END_REF][START_REF] Cossu | Antifungal activity against Candida albicans of starch Pickering emulsion with thymol or amphotericin B in suspension and calcium alginate films[END_REF], the particle diameter seems too large compared to the diameter of the resulting stabilized droplets (for example, 150 nm particles stabilizing 450 nm droplets [START_REF] Gupta | Surface-active solid lipid nanoparticles as Pickering stabilizers for oil-in-water emulsions[END_REF]). He et al. [START_REF] He | Factors that Affect Pickering Emulsions Stabilized by Graphene Oxide[END_REF] linked this to a loss of particle integrity during the emulsification process: the particles effectively stabilizing the emulsion were much smaller than those initially introduced.

The particle size influences the emulsion stability and the droplet size. The diameter of the emulsion droplets increases with increasing the particle diameter [START_REF] Köhler | High pressure emulsification with nano-particles as stabilizing agents[END_REF][START_REF] Tambe | The Effect of Colloidal Particles on Fluid-Fluid Interfacial Properties and Emulsion Stability[END_REF]. Indeed, the larger the particle size, the longer the adsorption time at the interface, resulting in an increase of the final droplet size [START_REF] Tsabet | Effect of the properties of oil, particles, and water on the production of Pickering emulsions[END_REF]. This is consistent with equation 2 in which, through the energy of adsorption, the size influences the ability of the particles to adsorb at the interface. For their part, Binks &

Lumdson [START_REF] Binks | Pickering Emulsions Stabilized by Monodisperse Latex Particles: Effects of Particle Size[END_REF] showed that the stability of the emulsion towards sedimentation increased upon size decrease.

Particle shape

The first Pickering emulsion studies were conducted with spherical particles. Then, Pickering emulsions stabilized with non-spherical particles were also obtained with rods [START_REF] Capron | Surfactant-Free High Internal Phase Emulsions Stabilized by Cellulose Nanocrystals[END_REF][START_REF] Kalashnikova | Cellulosic nanorods of various aspect ratios for oil in water Pickering emulsions[END_REF][START_REF] Kalashnikova | Modulation of Cellulose Nanocrystals Amphiphilic Properties to Stabilize Oil/Water Interface[END_REF][START_REF] Fujii | Hydroxyapatite nanoparticles as stimulus-responsive particulate emulsifiers and building block for porous materials[END_REF] (Figure 8a and 8b), ellipsoidal particles [START_REF] Madivala | Exploiting particle shape in solid stabilized emulsions[END_REF] (Figure 8c and 8d), fibers [START_REF] Fujii | Hydroxyapatite nanoparticles as stimulus-responsive particulate emulsifiers and building block for porous materials[END_REF], cubes [START_REF] De Folter | Particle Shape Anisotropy in Pickering Emulsions: Cubes and Peanuts[END_REF][START_REF] He | Tuning the wettability of calcite cubes by varying the sizes of the polystyrene nanoparticles attached to their surfaces[END_REF] (Figure 8 g), peanuts [START_REF] De Folter | Particle Shape Anisotropy in Pickering Emulsions: Cubes and Peanuts[END_REF] (Figure 8h), Janus [START_REF] Luu | Ellipsoidal Janus Nanoparticles Assembled at Spherical Oil/Water Interfaces[END_REF], microbowls [START_REF] Nonomura | Multiple Pickering Emulsions Stabilized by Microbowls[END_REF] (Figure 8i) and even with deformable nanogels [START_REF] Destribats | Soft microgels as Pickering emulsion stabilisers: role of particle deformability[END_REF][START_REF] Schmitt | Surface compaction versus stretching in Pickering emulsions stabilised by microgels[END_REF][START_REF] Geisel | The Compressibility of pH-Sensitive Microgels at the Oil-Water Interface: Higher Charge Leads to Less Repulsion[END_REF] (Figure 8e and8f). ), e) and f) Cryo-SEM images of dodecane drops covered by microgels; during sample fracture the frozen oil has been removed, allowing direct visualization of microgels residing at the interface (images from Destribats et al. [START_REF] Destribats | Soft microgels as Pickering emulsion stabilisers: role of particle deformability[END_REF]), g) arrangement of cubic particles at the oil-water interface (image from de Folter et al. [START_REF] De Folter | Particle Shape Anisotropy in Pickering Emulsions: Cubes and Peanuts[END_REF]), h) peanuts assembled at the oil-water interface in interdigitating stacks (image from de Folter et al. [START_REF] De Folter | Particle Shape Anisotropy in Pickering Emulsions: Cubes and Peanuts[END_REF]) and i) SEM image of microbowls but not at the O/W interface (image from Nonomura et al. [START_REF] Nonomura | Multiple Pickering Emulsions Stabilized by Microbowls[END_REF])

Stable O/W [START_REF] Kalashnikova | Cellulosic nanorods of various aspect ratios for oil in water Pickering emulsions[END_REF][START_REF] Fujii | Hydroxyapatite nanoparticles as stimulus-responsive particulate emulsifiers and building block for porous materials[END_REF] and W/O [START_REF] Madivala | Exploiting particle shape in solid stabilized emulsions[END_REF], as well as stable multiple emulsions [START_REF] Nonomura | Multiple Pickering Emulsions Stabilized by Microbowls[END_REF], were obtained with non-spherical particles. The mechanisms of stabilization with such particles are not exactly the same as with spherical particles and are not yet fully elucidated. With non-spherical particles, the detachment energy is trickier to determine as equation 2 is not applicable anymore. The particle orientation and at least two characteristic sizes should be taken into account.

Equation 3, too, is not valid anymore with non-spherical particles. However, de Folter et al. [START_REF] De Folter | Particle Shape Anisotropy in Pickering Emulsions: Cubes and Peanuts[END_REF] showed that the limited coalescence principle was applicable to emulsions stabilized with cubic or peanut-like particles using an equation derived from equation 3. Other authors noticed a higher droplet size polydispersity with non-spherical particles than with spherical particles [START_REF] Fujii | Hydroxyapatite nanoparticles as stimulus-responsive particulate emulsifiers and building block for porous materials[END_REF][START_REF] Madivala | Exploiting particle shape in solid stabilized emulsions[END_REF]. Madivala et al. [START_REF] Madivala | Exploiting particle shape in solid stabilized emulsions[END_REF] prepared particles of the same composition but with different aspect ratios (from 1 to 9). They observed that emulsions stabilized with low aspect ratio particles were less stable than those stabilized with high aspect ratio particles. They also noticed that the amount of the emulsified phase increased with the aspect ratio. This could be explained by the fact that anisotropic particles were able to cover a larger area of the interface, inducing higher interfacial packing, viscoelastic moduli and stability [START_REF] Dugyala | Shape anisotropic colloids: synthesis, packing behavior, evaporation driven assembly, and their application in emulsion stabilization[END_REF][START_REF] Madivala | Exploiting particle shape in solid stabilized emulsions[END_REF][START_REF] De Folter | Particle Shape Anisotropy in Pickering Emulsions: Cubes and Peanuts[END_REF][START_REF] Günther | Timescales of emulsion formation caused by anisotropic particles[END_REF].

The coverage can also be enhanced if the particles are deformable like rod-shaped cellulose nanocrystals [START_REF] Capron | Surfactant-Free High Internal Phase Emulsions Stabilized by Cellulose Nanocrystals[END_REF] or microgels [START_REF] Destribats | Soft microgels as Pickering emulsion stabilisers: role of particle deformability[END_REF][START_REF] Geisel | The Compressibility of pH-Sensitive Microgels at the Oil-Water Interface: Higher Charge Leads to Less Repulsion[END_REF]. Indeed, if they are flexible enough, they can bend at the droplet surface, resulting in an efficient interfacial anchoring [START_REF] Capron | Surfactant-Free High Internal Phase Emulsions Stabilized by Cellulose Nanocrystals[END_REF]. Moreover, microgels that are spherical before adsorption may undergo substantial flattening upon adsorption at the oilwater interface. They can adopt fried-egg or core-corona morphologies (Figure 9) upon adsorption at an oil-water interface [START_REF] Destribats | Soft microgels as Pickering emulsion stabilisers: role of particle deformability[END_REF][START_REF] Geisel | The Compressibility of pH-Sensitive Microgels at the Oil-Water Interface: Higher Charge Leads to Less Repulsion[END_REF]. The softness of particles induces a change of particle-particle interactions and of the adsorption mechanism compared to rigid particles [START_REF] Deshmukh | Hard and soft colloids at fluid interfaces: Adsorption, interactions, assembly & rheology[END_REF].

The way particles adsorb and arrange at the interface directly impacts the emulsion stability. Li et al. [START_REF] Li | Fundamental Study of Emulsions Stabilized by Soft and Rigid Particles[END_REF] noticed that by varying the poly(N-isopropyl acrylamide)-styrene microgels softness, the softer ones allowed better emulsification and better stability than the rigid ones. Moreover, these microgel-stabilized emulsions can be produced using the limited coalescence principle, in the same way as rigid particle-stabilized emulsions [START_REF] Schmitt | Surface compaction versus stretching in Pickering emulsions stabilised by microgels[END_REF]. The three-phase contact angle determination is also more complex with non-spherical particles.

However, Coertjens et al. [START_REF] Coertjens | Contact Angles of Microellipsoids at Fluid Interfaces[END_REF] demonstrated that the three-phase contact angle of an ellipsoidal particle can be assessed with the freeze-fracture shadow-casting cryo-SEM technique. Moreover, characterizing soft particles such as microgels with their three-phase contact angle in their spherical state is also questionable as they will not remain in their original spherical state at the interface after the emulsification step [START_REF] Destribats | Pickering Emulsions Stabilized by Soft Microgels: Influence of the Emulsification Process on Particle Interfacial Organization and Emulsion Properties[END_REF].

Particle surface roughness

The wettability of particles can be significantly influenced by their surface roughness. Yet, as previously mentioned, the particle wettability influences the formation and the stability properties of Pickering emulsions. Vignati et al. [START_REF] Vignati | Pickering Emulsions: Interfacial Tension, Colloidal Layer Morphology, and Trapped-Particle Motion[END_REF] noticed that the particle roughness reduced their contact surface and negatively affected the emulsion stability. However, the opposite phenomenon was also observed by San-Miguel & Behrens [START_REF] San-Miguel | Influence of Nanoscale Particle Roughness on the Stability of Pickering Emulsions[END_REF]. In this latter study, the zeta potential was also slightly modified in addition to roughness modification. More studies should be conducted in order to make a general claim on the influence of particle roughness in Pickering emulsions.

Particle charge, salt concentration and pH

Particle surface charge is a parameter influencing the stability of Pickering emulsions [START_REF] Ridel | Pickering emulsions stabilized by charged nanoparticles[END_REF][START_REF] Pushpam | Pickering emulsions stabilized by oppositely charged colloids: Stability and pattern formation[END_REF].

Indeed, in case of poor adsorption of particles at the interface, the electrostatic repulsion can play an important role in emulsions stability. Ridel et al. [START_REF] Ridel | Pickering emulsions stabilized by charged nanoparticles[END_REF] decreased the surface charge of bare silica particles using pH modification. They observed a stability improvement with the surface charge decrease. They also noticed that this improvement was more effective when the surface charge was modified by a surface charge density decrease than when it was modified by an ionic strength increase. Moreover, electrostatic repulsions between particles and droplets induce a slow adsorption rate of particles, and subsequently poor stability of the emulsions [START_REF] Ridel | Pickering emulsions stabilized by charged nanoparticles[END_REF].

With a pH or a salt concentration modification, significant variations in the zeta potential of the particles as well as in their three-phase contact angle are often noticed [START_REF] Zhu | One-step formation of multiple Pickering emulsions stabilized by self-assembled poly(dodecyl acrylate-co-acrylic acid) nanoparticles[END_REF][START_REF] He | Factors that Affect Pickering Emulsions Stabilized by Graphene Oxide[END_REF][START_REF] Tang | Factors that affect the stability, type and morphology of Pickering emulsion stabilized by silver nanoparticles/graphene oxide nanocomposites[END_REF][START_REF] Yang | Pickering emulsions stabilized solely by layered double hydroxides particles: The effect of salt on emulsion formation and stability[END_REF]. So, it is not surprising that, in numerous studies, pH or salt concentration variations were used to control the stability of Pickering emulsions. Aveyard et al. [START_REF] Aveyard | Emulsions stabilised solely by colloidal particles[END_REF] observed that the stability of their emulsions was very dependent on salt concentration. He et al. [START_REF] He | Factors that Affect Pickering Emulsions Stabilized by Graphene Oxide[END_REF] noticed an improvement of the emulsification efficiency with salt (NaCl or MgCl 2 ) concentration increase. Yang et al. [START_REF] Yang | Pickering emulsions stabilized solely by layered double hydroxides particles: The effect of salt on emulsion formation and stability[END_REF] even observed that emulsions could not be formed without salt (NaCl) and that the droplet size of the emulsion could be tuned by varying the salt concentration. For their part, Binks & Lumsdon [START_REF] Binks | Pickering Emulsions Stabilized by Monodisperse Latex Particles: Effects of Particle Size[END_REF] showed that an increase of salt (NaCl) concentration could induce a phase inversion of the emulsion and that the salt concentration required for the phase inversion depended on the droplet size. Moreover, the interparticle interactions can be varied from repulsive to attractive by modifying the salt concentration or pH [START_REF] He | Factors that Affect Pickering Emulsions Stabilized by Graphene Oxide[END_REF][START_REF] Binks | Particles as surfactants -similarities and differences[END_REF][START_REF] Katepalli | Microstructure and rheology of particle stabilized emulsions: Effects of particle shape and inter-particle interactions[END_REF]. This can induce the aggregation of the particles and affect their adsorption at the interface, which in turns influences emulsions properties and stability.

A change in pH can also stimulate pH-responsive particles inducing significant changes in the emulsion properties and stability. The reader can refer to the review of Tang et al. [START_REF] Tang | Stimuli-responsive Pickering emulsions: recent advances and potential applications[END_REF] on stimuli-responsive Pickering emulsions for further information on these kinds of systems.

All these key parameters reviewed in section 3 are interlinked and may influence the nanoparticle wetting properties, and consequently, the obtained emulsion and its stability.

Though these parameters allow the tuning of emulsion properties and characteristics in order to meet the requirements of specific applications, it is very complicated to study their contribution independently. It would indeed be interesting to know what kind of emulsions would be formed with particles of same charge, size, shape and surface roughness, but with different materials.

All other parameters being identical, different surface chemical composition could lead to different surface physicochemical properties, and consequently to different wetting properties and emulsions. Nevertheless, to our knowledge, no systematic studies on this question have been conducted yet.

Promising Pickering emulsions for pharmaceutical applications

In the pharmaceutical field, oral delivery accounts for 50% of the dosage forms, parenteral for 25% and topical for 10%. For emulsions, this repartition is completely changed as 55% of dosage forms are parenteral (mostly for parenteral nutrition), 30% are topical and only 5% are oral [START_REF] Sarker | Pharmaceutical emulsions: a drug developers toolbag[END_REF]. Among topical emulsions, creams are the most popular and commonly used.

Until now, studies performed on Pickering emulsions are mostly fundamental works aiming to better understand the stabilization mechanisms or the parameters influencing the emulsion properties. Studies devoted to pharmaceutical applications are scarce. Unlike conventional emulsions in which 55% of dosage forms are parenteral, pharmaceutical Pickering emulsion studies are mostly devoted to topical and oral drug delivery systems and to a lesser extent to the injection route. This can be explained by the size of the droplets of Pickering emulsions and sometimes by the nature of the stabilizing particles. Indeed, objects with a size above 5 µm are usually not suitable for injections [START_REF] Chappat | Some applications of emulsions[END_REF] as the diameter of the smallest vessel is approximately 6 µm [START_REF] Lucks | Parenteral Fat Emulsions: Structure, Stability, and Applications[END_REF]. Moreover, all injected formulations should also be at pH 7.4 and isotonic with blood [START_REF] Marti-Mestres | Emulsions in Health Care Applications-An Overview[END_REF]. Yet, we have seen in section 3.8 that the salt concentration and the pH value of Pickering emulsions were key parameters of the emulsions properties and could induce emulsion destabilization.

A wide range of inorganic and organic biocompatible particles was studied to stabilize either O/W or W/O emulsions. Both, organic and inorganic particles can be biocompatible but only organic particles can be biodegradable. Moreover, inorganic particles might be able to cross biological barriers and accumulate, over time, in the human body inducing adverse effects [START_REF] De La Fuente | Nanobiotechnology -Inorganic Nanoparticles vs Organic Nanoparticles[END_REF].

For this reason, in this part devoted to Pickering emulsions with potential interest for pharmaceutical applications, we only focused on emulsions stabilized with biocompatible and/or biodegradable organic particles.

The oils used to formulate pharmaceutical emulsions also have to be biocompatible. They must be non-toxic and be readily excreted or metabolized after administration [START_REF] Florence | Physicochemical Principles of Pharmacy[END_REF]. There is an extensive list of approved and regulated natural and synthetic oils among which castor oil, soybean oil, arachis oil, sunflower oil, olive oil, tri/di/mono glycerides, cocoa butter, coconut oil, vaseline, paraffin, dimethicone… As much as possible, we present in this review emulsions formulated with biocompatible oils. However, some emulsions using a non-biocompatible oil but stabilized with particles which could be of interest for pharmaceutical applications were also described in the literature. Regarding their potential interest for future pharmaceutical applications, we decided to also present these systems. However, replacement of a nonbiocompatible oil by a biocompatible one could completely modify the properties of the systems.

Natural polymer-based particles

Polysaccharide-based particles

Polysaccharides are natural polymers. Some of them are insoluble in water and in oil, which makes their particles valuable candidates for Pickering emulsion stabilization [START_REF] Whistler | Solubility of Polysaccharides and Their Behavior in Solution[END_REF]. The most represented polysaccharides in Pickering emulsion stabilization are starch, cellulose and chitosan.

Starch-based particles

Starch is extracted from plants such as corn, potato, wheat or rice. It is composed of linear amylose and branched amylopectin. Native starch contains crystalline and amorphous regions [START_REF] Le Corre | Starch Nanoparticles: A Review[END_REF]. Its molecular weight (from 50 000 to 500 000 kDa) depends on its origin. Starch is an odorless, tasteless, non-toxic and non-irritant material, widely used as a food ingredient and as a pharmaceutical excipient in both oral and topical pharmaceutical applications [START_REF] Rowe | Handbook of Pharmaceutical excipients[END_REF]. In capsules and tablets, it is used as a binder, a diluent or a disintegrant. In pharmaceutical preparation, the particle size generally ranges from 5 to 50 µm. It is insoluble in cold water but it is able to swell in hot water [START_REF] Atwell | The Terminology and Methodology Associated with Basic Starch Phenomena[END_REF]. The swelling temperature depends on the starch origin (for example 64 °C for corn starch).

Studies intended or not for pharmaceutical applications have been conducted on Pickering emulsions stabilized with starch particles using biocompatible oils. In these works, small starch particles of micron size (few micrometers) [START_REF] Marku | Characterization of starch Pickering emulsions for potential applications in topical formulations[END_REF][START_REF] Marefati | Storage and digestion stability of encapsulated curcumin in emulsions based on starch granule Pickering stabilization[END_REF][START_REF] Wang | Octenylsuccinate starch spherulites as a stabilizer for Pickering emulsions[END_REF] and nano size (tens to hundreds of nanometers) [START_REF] Cossu | Antifungal activity against Candida albicans of starch Pickering emulsion with thymol or amphotericin B in suspension and calcium alginate films[END_REF][START_REF] Liang | Preparation of Pickering emulsions with short, medium and long chain triacylglycerols stabilized by starch nanocrystals and their in vitro digestion properties[END_REF][START_REF] Saari | Production of starch nanoparticles by dissolution and non-solvent precipitation for use in food-grade Pickering emulsions[END_REF] were used (see Table 2). The micron size starch granules are commercially available; consequently, their preparation is often not described in publications. The starch spherulites of micron size particles are prepared by heating a starch suspension followed by recrystallization upon cooling [START_REF] Wang | Octenylsuccinate starch spherulites as a stabilizer for Pickering emulsions[END_REF]. Nano size starch particles can be starch nanoparticles (starch NP) or starch nanocrystals (SNC) (also called starch crystallite, microcrystalline starch and hydrolyzed starch). Their techniques of preparation are well described in the review of Le Corre et al. [START_REF] Le Corre | Starch Nanoparticles: A Review[END_REF]. Briefly, SCN can be obtained by disruption of amorphous regions by acid hydrolysis of native starch and starch NP can be prepared by regeneration techniques (such as precipitation [START_REF] Saari | Production of starch nanoparticles by dissolution and non-solvent precipitation for use in food-grade Pickering emulsions[END_REF][START_REF] Tan | Triglyceride-water emulsions stabilised by starch-based nanoparticles[END_REF]) or mechanical techniques (such as high-pressure homogenization). For both types of nanosize starch particles, the process parameters as well as the resulting composition, size (from few nanometers to hundreds of nanometers) and shape (spherical [START_REF] Saari | Production of starch nanoparticles by dissolution and non-solvent precipitation for use in food-grade Pickering emulsions[END_REF][START_REF] Tan | Triglyceride-water emulsions stabilised by starch-based nanoparticles[END_REF], oval, discs [100]…) vary as a function of the starch origin. Often, the particle surface is tuned for example with octenyl succinic anhydride to modify its hydrophobic properties.

It was shown by Saari et al. [START_REF] Saari | Preparation and Characterization of Starch Particles for Use in Pickering Emulsions[END_REF] that small starch particles obtained by starch granules hydrolysis stabilized smaller droplets than the original granules. However, surprisingly, the resulting Pickering emulsion droplet sizes, in the studies presented in Table 2, were similar (≈ tens of micrometers) independently of the biocompatible oil as well as of the size or of the origin of the particles used. The only exception is the emulsions of Cossu et al. [START_REF] Cossu | Antifungal activity against Candida albicans of starch Pickering emulsion with thymol or amphotericin B in suspension and calcium alginate films[END_REF], using olive oil and stabilized with modified cassava starch discs of ≈ 5 nm x 100 nm, for which the droplet size was of approximately 300 nm.

Liang et al. [START_REF] Liang | Preparation of Pickering emulsions with short, medium and long chain triacylglycerols stabilized by starch nanocrystals and their in vitro digestion properties[END_REF] [187] and Marto et al. [START_REF] Marto | Starch-Based Pickering Emulsions as Platforms for Topical Antibiotic Delivery: In Vitro and In Vivo Studies[END_REF]. They formulated O/W emulsions with an encapsulated API in the oil droplets intended for oral [START_REF] Cossu | Antifungal activity against Candida albicans of starch Pickering emulsion with thymol or amphotericin B in suspension and calcium alginate films[END_REF][START_REF] Marefati | Storage and digestion stability of encapsulated curcumin in emulsions based on starch granule Pickering stabilization[END_REF] or topical [START_REF] Marku | Characterization of starch Pickering emulsions for potential applications in topical formulations[END_REF][START_REF] Matos | O/W emulsions stabilized by OSA-modified starch granules versus non-ionic surfactant: Stability, rheological behaviour and resveratrol encapsulation[END_REF][START_REF] Marto | Starch-Based Pickering Emulsions as Platforms for Topical Antibiotic Delivery: In Vitro and In Vivo Studies[END_REF] applications. Marefati et al. [START_REF] Marefati | Storage and digestion stability of encapsulated curcumin in emulsions based on starch granule Pickering stabilization[END_REF] successfully encapsulated curcumin in Miglyol 812 oil droplets with high encapsulation efficiency (≈ 80%). This API has numerous biological and pharmacological activities (antioxidant, anti-inflammatory…), but is very challenging to formulate due to its low solubility and its easy degradation [START_REF] Schneider | Degradation of Curcumin: From Mechanism to Biological Implications[END_REF]. The starch-based Pickering emulsion efficiently retained and protected curcumin from degradation during storage and simulated in vitro oral, gastric and intestinal digestions [START_REF] Marefati | Storage and digestion stability of encapsulated curcumin in emulsions based on starch granule Pickering stabilization[END_REF]. Another study by Cossu et al. [START_REF] Cossu | Antifungal activity against Candida albicans of starch Pickering emulsion with thymol or amphotericin B in suspension and calcium alginate films[END_REF] showed the potential of starch Pickering emulsions, alone or incorporated in an alginate film, as antifungal preparations against candida albicans in the oral cavity. Thymol and amphotericin B were encapsulated and released in a controlled manner from the Pickering emulsion during in vitro digestion with α-amylase. Marku et al. [START_REF] Marku | Characterization of starch Pickering emulsions for potential applications in topical formulations[END_REF] performed simple sensory tests on starch Pickering emulsion without API on a panel of nine volunteers. They evaluated the visual appearance and the skin feel. They also evaluated the in vitro skin penetration for these emulsions with encapsulated methyl salicylate. They found a nearly twice higher API penetration rate with Pickering emulsions than with the API solution.

This result is in agreement with previous observations performed with Pickering emulsions stabilized by silica particles and encapsulating caffeine [START_REF] Frelichowska | Pickering w/o emulsions: Drug release and topical delivery[END_REF]. Marto et al. [START_REF] Marto | Starch-Based Pickering Emulsions as Platforms for Topical Antibiotic Delivery: In Vitro and In Vivo Studies[END_REF] performed in vitro and in vivo (with mice) experiments with starch-based W/O emulsions loaded with minocycline hydrochloride, an effective drug for the eradication of topical pathogens in superficial infections. The emulsions provided a sustained release of the drug (which did not permeate through the entire skin layer) and led to an efficient topical treatment.

Pickering emulsions stabilized by starch particles seem very promising for pharmaceutical applications. However, further in vitro and in vivo studies should be conducted to confirm their potential.

Cellulose-based particles

Cellulose is mostly extracted as fibers from fibrous plants but is also synthesized by algae and some bacteria [START_REF] Siró | Microfibrillated cellulose and new nanocomposite materials: a review[END_REF]. Cellulose fibers are constituted of amorphous and crystalline domains.

Crystallinity and molecular weight depend on the cellulose origin [START_REF] Thygesen | On the determination of crystallinity and cellulose content in plant fibres[END_REF]. Like starch, cellulose is an odorless, tasteless, relatively non-toxic and non-irritant material [START_REF] Rowe | Handbook of Pharmaceutical excipients[END_REF], widely used as a food ingredient and a pharmaceutical excipient. Cellulose has interesting properties such as biodegradability, low density, high aspect ratio, high strength and stiffness. As a pharmaceutical excipient, cellulose is used for oral or topical formulations and to a lesser extent for ophthalmic, injectable or inhalable formulations [START_REF] Rowe | Handbook of Pharmaceutical excipients[END_REF]. Since the cellulose surface contains many reactive hydroxyl groups, it can be easily chemically modified [START_REF] Baiardo | Surface chemical modification of natural cellulose fibers[END_REF]. It is then used in pharmaceutical formulations under several forms, such as cellulose powder, microcrystalline cellulose, cellulose acetate, methyl or ethylcellulose, hydroxyethyl or propyl cellulose. It acts as an absorbent, glidant, coating, emulsifying, viscosity increasing, anti-adherent, binder, diluent, disintegrant, thickening or suspending agent depending on its chemical composition [START_REF] Rowe | Handbook of Pharmaceutical excipients[END_REF]. In pharmaceutical preparations, the size of the particles usually ranges between 20 and 200 µm.

As cellulose is insoluble in water, it is a valuable candidate for pharmaceutical Pickering emulsions stabilization. It has been extensively studied, using sometimes biocompatible oils for pharmaceutical applications. For Pickering emulsion stabilization, nano-scale cellulose is used with various aspect ratios (from few nanometers to tens of nanometers in width and from tens of nanometers to few micrometers in length) (Table 2). The nano-scale cellulose used can be cellulose nanocrystals (CNC) (also called cellulose microcrystals, nanoparticles whiskers, nanorods, rod-like or needle-like particles) [START_REF] Visanko | Amphiphilic Cellulose Nanocrystals from Acid-Free Oxidative Treatment: Physicochemical Characteristics and Use as an Oil-Water Stabilizer[END_REF][START_REF] Wang | Preparation of cellulose nanocrystals from asparagus ( Asparagus officinalis L.) and their applications to palm oil/water Pickering emulsion[END_REF][START_REF] Zoppe | Pickering emulsions stabilized by cellulose nanocrystals grafted with thermo-responsive polymer brushes[END_REF][START_REF] Tang | Dual Responsive Pickering Emulsion Stabilized by Poly[2-(dimethylamino)ethyl methacrylate] Grafted Cellulose Nanocrystals[END_REF][START_REF] Tang | Stimuli-Responsive Cellulose Nanocrystals for Surfactant-Free Oil Harvesting[END_REF], microfibrillated cellulose (MFC)

(also called cellulose nanofibers or nanofibrils) [START_REF] Winuprasith | Properties and stability of oil-in-water emulsions stabilized by microfibrillated cellulose from mangosteen rind[END_REF][START_REF] Cunha | Preparation of Double Pickering Emulsions Stabilized by Chemically Tailored Nanocelluloses[END_REF] or cellulose microgels [START_REF] Zhang | Facile Preparation and Functionalization of Cellulose Microgels and their Properties and Application in Stabilizing O/W Emulsions[END_REF]. In their review, Siro & Plackett [START_REF] Siró | Microfibrillated cellulose and new nanocomposite materials: a review[END_REF] and Habibi et al. [START_REF] Habibi | Cellulose Nanocrystals: Chemistry, Self-Assembly, and Applications[END_REF] described the preparation methods of respectively MFC and CNC. Briefly, MFC can be prepared from native cellulose by mechanical treatments, such as high-pressure homogenization, cryocrushing or grinding. An alkaline, oxidative or enzymatic pretreatment can also be applied to increase cellulose purity or to reduce the energy input [START_REF] Siró | Microfibrillated cellulose and new nanocomposite materials: a review[END_REF]. For their part, CNC can be prepared by acid disruption of the amorphous regions of native cellulose. Specific protocols have been developed depending on native cellulose origin [START_REF] Habibi | Cellulose Nanocrystals: Chemistry, Self-Assembly, and Applications[END_REF]. The resulting nanoscaled cellulose is usually obtained as whiskers, needle-like, rod-like or ribbon-like particles. However, spherical nanocrystals can be obtained by a combination of acidic and ultrasonic treatments [START_REF] Habibi | Cellulose Nanocrystals: Chemistry, Self-Assembly, and Applications[END_REF]. The source of the cellulose as well as the parameters under which the hydrolysis is performed drive the length and width of the CNC obtained. Cellulose microgels can be prepared by mechanical treatment of a cellulose hydrogel formed by the cross-linking of a cellulose suspension [START_REF] Zhang | Facile Preparation and Functionalization of Cellulose Microgels and their Properties and Application in Stabilizing O/W Emulsions[END_REF].

The properties of cellulose particles can be tuned by modification of their surface with oxidation, cationization, esterification, silylation or polymer grafting. These modifications can induce a change in the surface charge, in the surface charge density or in the hydrophobicity of the particles [START_REF] Habibi | Cellulose Nanocrystals: Chemistry, Self-Assembly, and Applications[END_REF], resulting in a change of the Pickering emulsion properties [START_REF] Kalashnikova | Modulation of Cellulose Nanocrystals Amphiphilic Properties to Stabilize Oil/Water Interface[END_REF].

Zoppe et al. [START_REF] Zoppe | Pickering emulsions stabilized by cellulose nanocrystals grafted with thermo-responsive polymer brushes[END_REF] have grafted thermo-responsive poly(N-isopropyl acrylamide) (PNIPAM) on the surface of CNC, inducing an emulsion destabilization at a temperature above the lower critical solution temperature (LCST) of PNIPAM (around 30-35 °C). This could be used for pharmaceutical applications: an encapsulated API could be retained and protected during storage at a temperature under the LCST of the polymer and be immediately released from the emulsion once in the body at 37 °C (temperature higher than the polymer LCST). Tang et al. [START_REF] Tang | Dual Responsive Pickering Emulsion Stabilized by Poly[2-(dimethylamino)ethyl methacrylate] Grafted Cellulose Nanocrystals[END_REF][START_REF] Tang | Stimuli-Responsive Cellulose Nanocrystals for Surfactant-Free Oil Harvesting[END_REF] prepared pH-responsive CNC by grafting PDMAEMA (poly[2-dimethylamino)ethyl methacrylate]) or POEGMA (poly(oligoethylene glycol) methacrylate) and PMAA (poly(methacrylic acid)). The resulting Pickering emulsions are pH-responsive inducing destabilization below a critical pH value. If the polymer used is biocompatible, the resulting emulsions could be used for pharmaceutical applications as the pH is not the same in all the regions of the body: an encapsulated API could be retained and protected in some region in which the pH is above the critical pH value and be immediately released from the emulsion once in a region of the body in which the pH is under the critical pH value. In these three cases, the oil used was non-biocompatible (heptane) and should be replaced by a biocompatible one for further investigation of pharmaceutical applications. Magneto-responsive Pickering emulsions based on biocompatible but not biodegradable Fe 3 O 4 -CNC complexes have also been formulated by Low et al. [START_REF] Low | Palm olein-in-water Pickering emulsion stabilized by Fe 3 O 4 -cellulose nanocrystal nanocomposites and their responses to pH[END_REF].

Pickering emulsions stabilized by nano-scale cellulose particles and using a biocompatible oil were mostly O/W emulsions with a droplet size ranging from few to hundreds of micrometers (Table 2). However, Cunha et al. [START_REF] Cunha | Preparation of Double Pickering Emulsions Stabilized by Chemically Tailored Nanocelluloses[END_REF] were able to produce W/O Pickering emulsions using MFC or CNC hydrophobized by surface esterification inducing more hydrophobic particles. They also obtained O/W/O emulsions by combining native and modified MFC and/or CNC. However, in both cases, they used a non-biocompatible oil (hexadecane) that should be replaced for a pharmaceutical application.

The interest of emulsions stabilized by cellulose particles for pharmaceutical application has been further explored by Mikulcova et al. [START_REF] Mikulcová | On the preparation and antibacterial activity of emulsions stabilized with nanocellulose particles[END_REF] and Zhou et al. [START_REF] Zhou | Preparation and antimicrobial activity of oregano essential oil Pickering emulsion stabilized by cellulose nanocrystals[END_REF] to investigate the antimicrobial activity of some essential oils. For example, Mikulcova and co-workers used CNC and MFC to stabilize droplets of antimicrobial essential oils. These Pickering emulsions exhibited better antimicrobial activities compared to the non-emulsified essential oils. In this study, no significant difference of antimicrobial activities was observed between emulsions stabilized with cellulose microcrystals or with microfibrillated cellulose. More recently, new structure-modified celluloses such as NFC (nanofibrilated mangosteen cellulose) and ANC (aminated nanocellulose) have been investigated for the stabilization of green Pickering emulsions as novel oral delivery systems for curcumin [START_REF] Ngwabebhoh | Pickering emulsions stabilized nanocellulosic-based nanoparticles for coumarin and curcumin nanoencapsulations: In vitro release, anticancer and antimicrobial activities[END_REF] and vitamins [START_REF] Winuprasith | Encapsulation of vitamin D 3 in pickering emulsions stabilized by nanofibrillated mangosteen cellulose: Impact on in vitro digestion and bioaccessibility[END_REF].

Chitin/chitosan-based particles

Chitin is an odorless and insoluble in water polysaccharide. It is extracted from crustacean shells such as shrimps and crabs. Chitin polymer can be deacetylated and, when the degree of deacetylation is sufficient to obtain a soluble product in acidic conditions, the resulting polymer is called chitosan. Chitosan is already used in cosmetic applications and under investigation for numerous pharmaceutical applications such as drug delivery for oral, nasal, parenteral, transdermal, ophthalmic and implant administration [START_REF] Kumar | Chitosan Chemistry and Pharmaceutical Perspectives[END_REF]. It is considered as a non-toxic and non-irritant material and it has intrinsic antibacterial properties [START_REF] Rowe | Handbook of Pharmaceutical excipients[END_REF][START_REF] Rabea | Chitosan as Antimicrobial Agent: Applications and Mode of Action[END_REF]. Moreover, like cellulose, chitin surface contains many reactive hydroxyl groups which can easily be modified [START_REF] Kumar | Chitosan Chemistry and Pharmaceutical Perspectives[END_REF]. It is also pH-sensitive. Indeed, it is water soluble at low pH (under 6.5, its pKa value) thanks to its amine groups which are protonated and positively charged and it is insoluble in water at pH above 6.5, as its amine groups become deprotonated and uncharged [START_REF] Liu | Simple, Reversible Emulsion System Switched by pH on the Basis of Chitosan without Any Hydrophobic Modification[END_REF]. Its solubility also depends on its degree of deacetylation. For all these reasons, chitin and chitosan under their insoluble form are very attractive candidates for pharmaceutical Pickering emulsion stabilization.

Pickering emulsions can be stabilized for example by self-aggregated chitosan particles [START_REF] Ho | Comparison of selfaggregated chitosan particles prepared with and without ultrasonication pretreatment as Pickering emulsifier[END_REF][START_REF] Liu | Simple, Reversible Emulsion System Switched by pH on the Basis of Chitosan without Any Hydrophobic Modification[END_REF][START_REF] Wang | Fabrication and characterization of Pickering emulsions and oil gels stabilized by highly charged zein/chitosan complex particles (ZCCPs)[END_REF], chitin nanocrystals (also called chitin whiskers, nanowhiskers or rod-like chitin) [START_REF] Tzoumaki | Oil-in-water emulsions stabilized by chitin nanocrystal particles[END_REF][START_REF] Tzoumaki | In vitrolipid digestion of chitinnanocrystal stabilized o/w emulsions[END_REF] or chitosan complex with proteins such as zein or gelatin [START_REF] Wang | Fabrication and Characterization of Antioxidant Pickering Emulsions Stabilized by Zein/Chitosan Complex Particles (ZCPs)[END_REF][START_REF] Wang | Pickering emulsion gels based on insoluble chitosan/gelatin electrostatic complexes[END_REF] (Table 3).

Chitosan nanoparticles can be prepared by various techniques such as ionic gelation, or by emulsion-diffusion-evaporation [START_REF] Kumar | Chitosan Chemistry and Pharmaceutical Perspectives[END_REF][START_REF] Tiyaboonchai | Chitosan nanoparticles: a promising system for drug delivery[END_REF]. The size of the self-aggregated chitosan particles can be reduced by lowering the molecular weight of chitosan using enzymatic hydrolysis, chemical hydrolysis or ultrasonication pretreatments [START_REF] Ho | Comparison of selfaggregated chitosan particles prepared with and without ultrasonication pretreatment as Pickering emulsifier[END_REF][START_REF] Wang | Chitosan-Based Conventional and Pickering Emulsions with Long-Term Stability[END_REF][START_REF] Wang | Fabrication and characterization of Pickering emulsions and oil gels stabilized by highly charged zein/chitosan complex particles (ZCCPs)[END_REF]. However, Ho et al. [START_REF] Ho | Comparison of selfaggregated chitosan particles prepared with and without ultrasonication pretreatment as Pickering emulsifier[END_REF] have shown that an ultrasonication pretreatment of chitosan reduced the hydrophobicity of self-aggregated particles, inducing larger Pickering emulsion droplets (from ≈ 80 to 150 µm vs from ≈ 50 to 70 µm), even if the particles were twice smaller (≈ 500 nm vs ≈ 1 µm). They explained the hydrophobicity decrease by a reduction of the number of acetyl units per polymer chain due to the shortening of the polymer chain by ultrasonication. The resulting smaller particles contained fewer acetyl units in their surface, inducing a lower hydrophobicity. The size of the selfaggregated particle can also be tuned with pH and salt concentration [START_REF] Liu | Simple, Reversible Emulsion System Switched by pH on the Basis of Chitosan without Any Hydrophobic Modification[END_REF][START_REF] Wang | Chitosan-Based Conventional and Pickering Emulsions with Long-Term Stability[END_REF]. Liu et al. [START_REF] Liu | Simple, Reversible Emulsion System Switched by pH on the Basis of Chitosan without Any Hydrophobic Modification[END_REF] showed that, by changing the pH from 6.4 to 6.7, the particle size increased from ≈ 85 up to 180 nm, and their zeta potential decreased from ≈ 12 down to 7.5 mV. An increase of salt concentration (from 0 to 200 mmol/L of NaCl) induced a particle size increase (from ≈ 180 up to 830 nm). The authors also demonstrated the possibility to prepare pH-responsive Pickering emulsions with such particles: the emulsions stabilized by self-aggregated chitosan particles at pH > pKa were destabilized at pH < pKa when chitosan become water soluble. This type of pHresponsive emulsions is easy to prepare, as the particle preparation is much simpler than the grafting of cellulose particles with pH-responsive polymers.

Chitin nanocrystals are usually prepared by disruption of the amorphous region of chitin by acid hydrolysis which generally leads to rod-like nanocrystals [START_REF] Zeng | Chitin Whiskers: An Overview[END_REF]. Tzoumaki et al. [START_REF] Tzoumaki | Oil-in-water emulsions stabilized by chitin nanocrystal particles[END_REF][START_REF] Tzoumaki | In vitrolipid digestion of chitinnanocrystal stabilized o/w emulsions[END_REF] prepared Pickering emulsions using chitin nanocrystals (≈ 20 x 250 nm) with two different biocompatible vegetable oils (sunflower and corn oils). They obtained a significantly smaller emulsion droplet size with sunflower oil (≈ 5 to 10 µm) than with corn oil (≈ 10 to 100 µm), which confirmed the importance of the oil used as discussed in section 3.2. Moreover, they demonstrated the potential of Pickering emulsions stabilized with chitin nanocrystals, to slow down the lipid digestion during in vitro enzymatic protocol [START_REF] Tzoumaki | In vitrolipid digestion of chitinnanocrystal stabilized o/w emulsions[END_REF]. The authors proposed to use these systems to treat obesity by reducing appetite and promoting satiety. It could also increase API bioavailability and promote its gastrointestinal delivery.

Chitosan-protein complexes such as chitosan-gelatin or chitosan-zein are also used to stabilize Pickering emulsions. These complexations are mostly driven by electrostatic interactions between chitosan and a protein [START_REF] Wang | Pickering emulsion gels based on insoluble chitosan/gelatin electrostatic complexes[END_REF]. Wang & Heuzey [START_REF] Wang | Pickering emulsion gels based on insoluble chitosan/gelatin electrostatic complexes[END_REF] successfully stabilized Pickering emulsions with chitosan-gelatin complex (size ≈15-450 nm). This complex was insoluble in water at pH from 5.5 to 6.5. Thus, it is conceivable to produce pH-responsive Pickering emulsions with a destabilization induced once the pH is in the range in which the complex becomes water soluble. Wang et al. [START_REF] Wang | Fabrication and Characterization of Antioxidant Pickering Emulsions Stabilized by Zein/Chitosan Complex Particles (ZCPs)[END_REF] have, for their part, demonstrated the potential of Pickering emulsions stabilized by chitosan-protein complex to protect lipid droplets from peroxidation. This protection was further improved by introducing curcumin, known for its antioxidant properties, in the particles. This property could be useful to protect fragile encapsulated API.

Shah et al. [START_REF] Shah | Preparation and optimization of Pickering emulsion stabilized by chitosan-tripolyphosphate nanoparticles for curcumin encapsulation[END_REF] successfully encapsulated curcumin in the oil droplets of emulsions stabilized by chitosan nanoparticles crosslinked with tripolyphosphate. Better protection of curcumin against degradation during storage and slower release rate were obtained with such Pickering emulsions than with classical emulsions. A sustained release depending on the pH was also obtained with such systems: after 24 h, ≈ 40% of curcumin was released at pH 7.4, whereas ≈ 50-55 % were released at pH 2 (corresponding to a gastric environment). Dammak et al. [START_REF] Dammak | Formulation optimization of lecithin-enhanced pickering emulsions stabilized by chitosan nanoparticles for hesperidin encapsulation[END_REF] also described an O/W Pickering emulsion stabilized by chitosan NP for the encapsulation of hesperidin, a flavonoid commonly used for its antioxidant and anti-inflammatory properties. They obtained very stable Pickering emulsions with a small droplet size (≈ 2 µm), a polydisperse droplet size distribution (PDI=0.33) and a sustained release of hesperidin.

These emulsions stabilized by chitosan-or chitin-based particles seem to be very promising for a potential pharmaceutical application with the advantage to allow the easy preparation of pH-responsive emulsions.

Other polysaccharides-based particles

Polysaccharides other than starch, cellulose and chitin/chitosan were also used as insoluble particles to stabilized O/W Pickering emulsions. For example, Zhu et al. [START_REF] Zhu | Self-assembly and emulsification of dopamine-modified hyaluronan[END_REF] used particles of hyaluronan-dopamine as Pickering emulsions stabilizers. Hyaluronan is a well-known polysaccharide involved in many biological processes and widely studied for tissue engineering and drug delivery [START_REF] Kogan | Hyaluronic acid: a natural biopolymer with a broad range of biomedical and industrial applications[END_REF]. Dopamine is a biocompatible and natural compound which exhibits strong bonds with organic and inorganic surfaces, and which could consequently improve the interfacial stabilization of the emulsions according to the authors. The dopamine modified hyaluronan was prepared by self-assembly of dopamine grafted hyaluronan co-polymers. The co-polymer grafting degree could be tuned, which influences the size of the resulting spherical NP (from ≈ 150 -220 nm) as well as the emulsion properties (droplet size from ≈ 20-100 µm) (Table 3). Interestingly, some of the oils used in this study were biocompatible.

Another promising pH-responsive Pickering emulsion was described by Zhang et al. [START_REF] Zhang | Pickering emulsions stabilized by hydrophobically modified alginate nanoparticles: Preparation and pH-responsive performance in vitro[END_REF]. They used hydrophobically-modified calcium alginate (MCA) NP as pH-sensitive emulsifiers. Alginate particles are obtained from the crosslinks between sodium alginate and Ca 2+ , and exhibited several properties such as pH-responsibility, biodegradability, bioadhesion and non-toxicity. pHresponsive O/W Pickering emulsions were prepared using corn oil as an oily phase, in which curcumin was solubilized. The release behavior of curcumin in vitro was then investigated.

Authors demonstrated that these Pickering emulsions released more specifically curcumin in the simulated intestinal fluid (37% at pH=6.8) compared to the simulated gastric fluid (3% at pH=1.5) after 4h, proving that MCA stabilizing pH-sensitivity Pickering emulsions appears as a promising candidate for the controlled oral delivery of drug substances.

Lignin-based particles

Natural polymers that do not belong to the polysaccharide family can be used as particles to stabilize Pickering emulsions. Lignins belong to this category. They are complex, non-toxic, aromatic natural polymers with variability in composition and structure depending on their origin and isolation procedure [START_REF] Ralph | Lignins: Natural polymers from oxidative coupling of 4-hydroxyphenylpropanoids[END_REF][START_REF] Duval | A review on lignin-based polymeric, micro-and nano-structured materials[END_REF].

For Pickering emulsion stabilization, lignins were used as nanoparticles [START_REF] Ago | High-Throughput Synthesis of Lignin Particles (∼30 nm to ∼2 μm) via Aerosol Flow Reactor: Size Fractionation and Utilization in Pickering Emulsions[END_REF][START_REF] Nypelö | Lignin supracolloids synthesized from (W/O) microemulsions: use in the interfacial stabilization of Pickering systems and organic carriers for silver metal[END_REF][START_REF] Silmore | Tunable Pickering emulsions with polymergrafted lignin nanoparticles (PGLNs)[END_REF][START_REF] Qian | CO2-responsive diethylaminoethyl-modified lignin nanoparticles and their application as surfactants for CO2/N2-switchable Pickering emulsions[END_REF] (see Table 3).

Lignin nanoparticles can be prepared by numerous preparation methods such as precipitation, emulsification-polymerization [START_REF] Nypelö | Lignin supracolloids synthesized from (W/O) microemulsions: use in the interfacial stabilization of Pickering systems and organic carriers for silver metal[END_REF] and aerosol flow [START_REF] Ago | High-Throughput Synthesis of Lignin Particles (∼30 nm to ∼2 μm) via Aerosol Flow Reactor: Size Fractionation and Utilization in Pickering Emulsions[END_REF]. Lignin can also be modified chemically by, for example, alkylation, acetylation, esterification or polymer grafting. Qian et al.

[216] and Silmore et al. [START_REF] Silmore | Tunable Pickering emulsions with polymergrafted lignin nanoparticles (PGLNs)[END_REF] used polymer modified lignin nanoparticles with respectively diethylaminoethyl and polyacrylamide to stabilized Pickering emulsions. This modification allowed to tune NP hydrophobicity and thus, the emulsion properties, depending on the grafting degree.

Pickering emulsions stabilized by lignin NP are valuable candidates for a pharmaceutical application as they are non-toxic, but, on the downside, they are complex and depend a lot on their bulk materials. Moreover, to the best of our knowledge, none of the studies using lignin NP as Pickering emulsion stabilizers were performed with a biocompatible oil.

Biocompatible synthetic polymer-based particles

Only a few synthetic polymers are largely recognized for their biocompatibility and their biodegradability. The best-known are poly(lactic acid) (PLA), poly(glycolic acid) (PGA), and their co-polymers, poly(lactide-co-glycolide) (PLGA) and poly(caprolactone) (PCL) [START_REF] Nair | Biodegradable polymers as biomaterials[END_REF]. Poly(Nisopropyl acrylamide) (PNIPAM) and poly(ethylene oxide) (PEO), which are also widely used in the biomedical field, are considered biocompatible, but not biodegradable [START_REF] Ulbricht | On the biodegradability of polyethylene glycol, polypeptoids and poly(2-oxazoline)s[END_REF][START_REF] Ivanova | Advanced synthetic polymer biomaterials derived from organic sources[END_REF][START_REF] Lanzalaco | Poly(N-isopropylacrylamide) and Copolymers: A Review on Recent Progresses in Biomedical Applications[END_REF].

Biocompatible synthetic polymers have been extensively studied, particularly for the formation of nanoparticles, intended for pharmaceutical applications such as drug delivery [START_REF] Banik | Polymeric nanoparticles: the future of nanomedicine: Polymeric nanoparticles[END_REF]. Thus, they are valuable candidates for the stabilization of pharmaceutical Pickering emulsions.

Numerous synthetic polymer-based particles have been proposed as emulsion stabilizers, but their biocompatibility remains to be proved and a biocompatible oil is not always used in these studies. For Pickering emulsion stabilization, biocompatible synthetic polymers have been used

as nanoparticles [START_REF] Laredj-Bourezg | Emulsions stabilized with organic solid particles[END_REF][START_REF] Laredj-Bourezg | Pickering Emulsions Stabilised by Biodegradable Particles Offer a Double Level of Controlled Delivery of Hydrophobic Drugs[END_REF][START_REF] Saigal | Stable emulsions with thermally responsive microstructure and rheology using poly(ethylene oxide) star polymers as emulsifiers[END_REF], nanogels [START_REF] Chen | Highly Compressed Assembly of Deformable Nanogels into Nanoscale Suprastructures and Their Application in Nanomedicine[END_REF] and microgels [START_REF] Sun | Preparation of Uniform Particle-Stabilized Emulsions Using SPG Membrane Emulsification[END_REF] (Table 4) prepared with numerous techniques. These techniques are well described in the reviews of Rao & Geckeler [START_REF] Rao | Polymer nanoparticles: Preparation techniques and size-control parameters[END_REF] and of Chacko et al. [START_REF] Chacko | Polymer nanogels: A versatile nanoscopic drug delivery platform[END_REF] for NP and nanogels, respectively. Briefly, NP can be prepared either from the polymer by nanoprecipitation, emulsion evaporation, salting-out, dialysis or supercritical fluid technology, or directly from monomer polymerization, by emulsion polymerization or interfacial polymerization. Nanogels can also be prepared either from the polymer (by cross-linking) or directly from monomers (by heterogeneous polymerization).

Usually, the biocompatible synthetic polymer-based particles used to stabilize Pickering emulsions are spherical with a size ranging from tens to hundreds of nanometers (see Table 4).

The resulting droplets are relatively small, ranging from a few to tens of micrometers. For example, Laredj-Bourezg et al. [START_REF] Laredj-Bourezg | Emulsions stabilized with organic solid particles[END_REF] used PCL-b-PEO (poly (caprolactone)-block-poly(ethylene oxide)) NP (≈ 35-50 nm) as stabilizers using a biocompatible oil (triglyceride oil). The resulting emulsion is an O/W emulsion with a droplet size of ≈ 2 to 15 µm. In previous works [START_REF] Albert | Bare and Sterically Stabilized PLGA Nanoparticles for the Stabilization of Pickering Emulsions[END_REF][START_REF] Deschamps | Pickering-Emulsion for Liver Trans-Arterial Chemo-Embolization with Oxaliplatin[END_REF][START_REF] Deschamps | Biodegradable Pickering emulsions of Lipiodol for liver trans-arterial chemo-embolization[END_REF],

our team used PLGA-PVA (poly(vinyl alcohol)) NP and PLGA NP (≈ 200 nm) to stabilize emulsions prepared with biocompatible oils (Miglyol 812N and Lipiodol). Albert et al. [START_REF] Albert | Bare and Sterically Stabilized PLGA Nanoparticles for the Stabilization of Pickering Emulsions[END_REF] formulated emulsions with bare PLGA NP on the one hand (i.e. without stabilizing polymers during NP preparation), and PLGA-PVA NP (i.e. PLGA NP covered with PVA) on the other hand.

With bare PLGA NP, a co-existence between multiple W/O/W droplets and simple oil droplets was observed, whereas a simple O/W emulsion was obtained with PLGA-PVA NP. The existence of multiple droplets with bare PLGA NP could be explained by a contact angle close to 90°, an intrinsic variation of the NP hydrophobicity and/or the proximity of the phase inversion.

The resulting emulsion droplet size, for either simple or multiple (W/O/W) droplets, were ≈ 30-50 µm. Multiple emulsions are interesting for pharmaceutical use as they could allow a multiple coencapsulation (see section 5).

Laredj-Bourezg et al. [START_REF] Laredj-Bourezg | Pickering Emulsions Stabilised by Biodegradable Particles Offer a Double Level of Controlled Delivery of Hydrophobic Drugs[END_REF] encapsulated a model API (all-trans retinol) in the oil droplets of an emulsion stabilized with PLA-PEG (polylactic acid-polyethyleneglycol) NP. They studied the in vitro skin distribution and penetration with pig skin. They observed a greater accumulation of the API in the stratum corneum with such formulation compared to the emulsion stabilized with surfactants. The authors suggested that this effect was probably due to the hydrophobicity and surface charge properties of the NP. This accumulation is promising for topical drug delivery.

Interestingly, Chen et al. [START_REF] Chen | Highly Compressed Assembly of Deformable Nanogels into Nanoscale Suprastructures and Their Application in Nanomedicine[END_REF] encapsulated an anti-cancer drug, paclitaxel, in the oil droplets of an emulsion intended for intravenous injection stabilized with PNIPAM-co-AA (poly(Nisopropylacrylamide-co-allylamine)) nanogels. This is one of the rare Pickering emulsions studied for intravenous injection. The tissue distribution and antitumor efficacy studies proved that this Pickering emulsion, loaded with an anti-cancer drug, was promising as a drug delivery system for cancer therapy. Richter et al. [START_REF] Richter | Pickering emulsion stabilized by cashew gum-poly-l -lactide copolymer nanoparticles: Synthesis, characterization and amphotericin B encapsulation[END_REF] provided proof-of-concept of the formation of O/W Pickering emulsion stabilized by nanoprecipitated NP of hydrophobic derivatives of cashew tree gum grafted with polylactide (CGPLAP) (size ≈ 10 nm). These CGPLAP nanoparticles were also loaded with Amphotericin B (AmB), an antifungal drug characterized by a low oral bioavailability, generally used for the treatment of neglected diseases such as leishmaniasis. The AmB-loaded Pickering emulsions were obtained by spontaneous emulsification, by mixing CGPLAP nanoparticles suspension as aqueous phase, and Miglyol 812 as oil phase. The resulted emulsions exhibited a small droplet size of ≈ 450 nm with narrow size distribution and good stability. Furthermore, AmB was incorporated with 21-47 % of encapsulation efficiency in these nano-sized emulsions, with less aggregated state than observed in commercial AmB formulations. Deschamps et al. formulated W/O Pickering emulsions for the treatment of hepatocellular carcinoma, stabilized by PLGA [START_REF] Deschamps | Pickering-Emulsion for Liver Trans-Arterial Chemo-Embolization with Oxaliplatin[END_REF][START_REF] Deschamps | Biodegradable Pickering emulsions of Lipiodol for liver trans-arterial chemo-embolization[END_REF]. Doxorubicin, a chemotherapy drug, was encapsulated in the aqueous emulsion droplets (physiological saline). The external phase was composed of Lipiodol, an iodized oil used for its embolic effect and its radiopacity. For an emulsion with a 1/3 water/oil ratio (as recommended by the medical community for this kind of treatment), the doxorubicin release was very progressive and stretched out over more than 10 days. With a conventional emulsion, the release was complete in 24 h. In vitro experiments on two different cell lines showed no significant toxicity of the emulsion (without API) and of its components. Droplet sizes were controlled by NP concentration via the limited coalescence phenomenon, and droplets of 40 µm were obtained with a 25 mg/mL NP concentration. Such droplet size was adapted to the diameter of the vessels close to the tumor (40-60 µm) [START_REF] Deschamps | Biodegradable Pickering emulsions of Lipiodol for liver trans-arterial chemo-embolization[END_REF].

Oxaliplatin, another chemotherapy drug, could also be encapsulated in these water/Lipiodol emulsions. Compared to conventional emulsions, the in vivo drug release in an animal liver tumor model was sustained, avoiding a burst effect [START_REF] Deschamps | Pickering-Emulsion for Liver Trans-Arterial Chemo-Embolization with Oxaliplatin[END_REF]. precipitation [START_REF] Tan | Gelatin Particle-Stabilized High-Internal Phase Emulsions for Use in Oral Delivery Systems: Protection Effect and in Vitro Digestion Study[END_REF][START_REF] Xiao | Kafirin Nanoparticle-Stabilized Pickering Emulsions as Oral Delivery Vehicles: Physicochemical Stability and in Vitro Digestion Profile[END_REF][START_REF] De Folter | Oil-in-water Pickering emulsions stabilized by colloidal particles from the water-insoluble protein zein[END_REF], heat treatment [START_REF] Gao | Edible Pickering emulsion stabilized by protein fibrils. Part 1: Effects of pH and fibrils concentration[END_REF][START_REF] Liu | Soy glycinin as food-grade Pickering stabilizers: Part. III. Fabrication of gel-like emulsions and their potential as sustained-release delivery systems for βcarotene[END_REF][START_REF] Meshulam | Responsiveness of emulsions stabilized by lactoferrin nanoparticles to simulated intestinal conditions[END_REF][START_REF] Sarkar | Pickering emulsions co-stabilized by composite protein/ polysaccharide particleparticle interfaces: Impact on in vitro gastric stability[END_REF] or mechanical treatment (with for example high-pressure homogenization) [START_REF] Chang | Formation of fibrous or granular egg white protein microparticles and properties of the integrated emulsions[END_REF]. Protein microgels can also be obtained by heat treatment of the globular protein [START_REF] Zimmerer | Emulsification Capacity of Microgels Assembled from β-Lactoglobulin and Pectin[END_REF], cross-linking of the protein isolate [START_REF] Sarkar | In vitro digestion of Pickering emulsions stabilized by soft whey protein microgel particles: influence of thermal treatment[END_REF] or top-down approach by breaking a protein macrogel [START_REF] Matsumiya | Soybean protein isolate gel particles as foaming and emulsifying agents[END_REF]. Many protein-based particles impart proper hydrophobicity and hydrophilicity balance allowing them to stabilize Pickering emulsions.

Various protein particles have already been studied as Pickering emulsions stabilizers such as soy [START_REF] Liu | Soy glycinin as food-grade Pickering stabilizers: Part. III. Fabrication of gel-like emulsions and their potential as sustained-release delivery systems for βcarotene[END_REF][START_REF] Matsumiya | Soybean protein isolate gel particles as foaming and emulsifying agents[END_REF], pea [START_REF] Shao | Gel-like pea protein Pickering emulsions at pH3.0 as a potential intestine-targeted and sustained-release delivery system for β-carotene[END_REF], whey [START_REF] Sarkar | In vitro digestion of Pickering emulsions stabilized by soft whey protein microgel particles: influence of thermal treatment[END_REF], gelatin [START_REF] Tan | Gelatin Particle-Stabilized High-Internal Phase Emulsions for Use in Oral Delivery Systems: Protection Effect and in Vitro Digestion Study[END_REF], kafirin [START_REF] Xiao | Kafirin Nanoparticle-Stabilized Pickering Emulsions as Oral Delivery Vehicles: Physicochemical Stability and in Vitro Digestion Profile[END_REF], ovalbumin [START_REF] Chang | Formation of fibrous or granular egg white protein microparticles and properties of the integrated emulsions[END_REF], zein [START_REF] De Folter | Oil-in-water Pickering emulsions stabilized by colloidal particles from the water-insoluble protein zein[END_REF],

beta-lactoglobulin-pectin [START_REF] Zimmerer | Emulsification Capacity of Microgels Assembled from β-Lactoglobulin and Pectin[END_REF], beta-lactoglobulin [START_REF] Gao | Edible Pickering emulsion stabilized by protein fibrils. Part 1: Effects of pH and fibrils concentration[END_REF][START_REF] De Freitas | Stabilization of Water-in-Water Emulsions by Polysaccharide-Coated Protein Particles[END_REF][START_REF] Balakrishnan | Particles Trapped at the Droplet Interface in Water-in-Water Emulsions[END_REF], ferritin [START_REF] Fujii | Ferritin as a bionano-particulate emulsifier[END_REF], lactoferrin [START_REF] Meshulam | Responsiveness of emulsions stabilized by lactoferrin nanoparticles to simulated intestinal conditions[END_REF][START_REF] Sarkar | Pickering emulsions co-stabilized by composite protein/ polysaccharide particleparticle interfaces: Impact on in vitro gastric stability[END_REF], lupin [START_REF] Burgos-Díaz | Foodgrade Pickering stabilizers obtained from a protein-rich lupin cultivar (AluProt-CGNA®): Chemical characterization and emulsifying properties[END_REF], flaxseed protein [START_REF] Nasrabadi | Plant based Pickering stabilization of emulsions using soluble flaxseed protein and mucilage nano-assemblies[END_REF] (Table 5). These particles have different shapes and softness as some of them are spherical NP [START_REF] De Folter | Oil-in-water Pickering emulsions stabilized by colloidal particles from the water-insoluble protein zein[END_REF][START_REF] Fujii | Ferritin as a bionano-particulate emulsifier[END_REF][START_REF] Meshulam | Responsiveness of emulsions stabilized by lactoferrin nanoparticles to simulated intestinal conditions[END_REF][START_REF] Chen | Zein based oil-inglycerol emulgels enriched with β-carotene as margarine alternatives[END_REF], microgels [START_REF] Sarkar | In vitro digestion of Pickering emulsions stabilized by soft whey protein microgel particles: influence of thermal treatment[END_REF][START_REF] Zimmerer | Emulsification Capacity of Microgels Assembled from β-Lactoglobulin and Pectin[END_REF], fibers [START_REF] Gao | Edible Pickering emulsion stabilized by protein fibrils. Part 1: Effects of pH and fibrils concentration[END_REF][START_REF] Chang | Formation of fibrous or granular egg white protein microparticles and properties of the integrated emulsions[END_REF], granules [START_REF] Chang | Formation of fibrous or granular egg white protein microparticles and properties of the integrated emulsions[END_REF], dodecahedron nanocages [START_REF] Sarker | Protein Nanocage as a pH-Switchable Pickering Emulsifier[END_REF] or gel particles [START_REF] Matsumiya | Soybean protein isolate gel particles as foaming and emulsifying agents[END_REF]. Those particles can have very different size range (from tens of nanometer to hundreds of micrometers) and can stabilize emulsion droplets from hundreds of nanometers to hundreds of micrometers (Table 5).

For instance, Sarker et al. [START_REF] Sarker | Protein Nanocage as a pH-Switchable Pickering Emulsifier[END_REF] formulated O/W Pickering nanoemulsions (≈ 300 nm) with dodecahedron hollow protein nanocages using a biocompatible oil (rosemary oil).

Liu & Tang [START_REF] Liu | Soy glycinin as food-grade Pickering stabilizers: Part. III. Fabrication of gel-like emulsions and their potential as sustained-release delivery systems for βcarotene[END_REF], Shao & Tang [START_REF] Shao | Gel-like pea protein Pickering emulsions at pH3.0 as a potential intestine-targeted and sustained-release delivery system for β-carotene[END_REF] and Tan et al. [START_REF] Tan | Gelatin Particle-Stabilized High-Internal Phase Emulsions for Use in Oral Delivery Systems: Protection Effect and in Vitro Digestion Study[END_REF] encapsulated β-carotene in the oil droplets of Pickering emulsions respectively stabilized by soy protein particles, pea protein particles and gelatin particles. In these three cases, the emulsion droplets had the same size range (from a few to tens of micrometers). They studied the release of β-carotene during in vitro digestion and found a sustained release and additional stability of the API. Tan et al. [START_REF] Tan | Gelatin Particle-Stabilized High-Internal Phase Emulsions for Use in Oral Delivery Systems: Protection Effect and in Vitro Digestion Study[END_REF] showed that the API bioaccessibility was improved by a factor of 5 after the in vitro digestion of the Pickering emulsion encapsulating API compared to the in vitro digestion of the API solubilized in oil. Xiao et al. [START_REF] Xiao | Kafirin Nanoparticle-Stabilized Pickering Emulsions as Oral Delivery Vehicles: Physicochemical Stability and in Vitro Digestion Profile[END_REF] encapsulated curcumin in oil droplets of Pickering emulsions stabilized by kafirin particles and demonstrated the protection of curcumin from photo-oxidation and the protection of oil from lipid oxidation.

Even if these emulsions were intended for a food application and not for a pharmaceutical one, they all used biocompatible oil making these systems potential pharmaceutical Pickering emulsions, especially for oral administration.

Fat crystals

Fat crystals (also called solid lipid nanoparticles) are colloidal systems with a size below 1 µm and with a weak polydispersity [START_REF] Müller | Solid lipid nanoparticles (SLN) for controlled drug delivery -a review of the state of the art[END_REF][START_REF] Mehnert | Solid lipid nanoparticles: production, characterization and applications[END_REF]. To the best of our knowledge, no fat crystal stabilized Pickering emulsions have been studied for pharmaceutical application even if they are valuable candidates. Indeed, fat crystals are non-toxic, cost-effective, easy to prepare and they offer scale-up possibilities. They were intensively studied for drug delivery by various routes [START_REF] Müller | Solid lipid nanoparticles (SLN) for controlled drug delivery -a review of the state of the art[END_REF][START_REF] Wissing | Solid lipid nanoparticles for parenteral drug delivery[END_REF]. Moreover, they are already used as emulsion stabilizers in food products such as margarine or ice cream [START_REF] Gupta | Surface-active solid lipid nanoparticles as Pickering stabilizers for oil-in-water emulsions[END_REF]. Thus, they might also be used in pharmaceutical applications, at least for oral administration.

Such Pickering emulsions can be prepared at a temperature above or below the fat melting point. If the emulsification process is performed at a temperature above the melting point, the crystals are formed directly at the droplet surface during a cooling phase, decreasing the temperature below the fat melting point. If the emulsification process is performed below the fat melting point, the fat crystals are prepared upstream. Numerous techniques that can be used to prepare fat crystals are well described in the review of Mehnert & Mäder [START_REF] Mehnert | Solid lipid nanoparticles: production, characterization and applications[END_REF]. The most common emulsification processes are high shear homogenization, ultrasound, high-pressure homogenization, membrane and microfluidic emulsifications. These techniques sometimes require the use of surfactants, which can modify the surface properties of the fat crystals such as their hydrophobicity, and thus their ability to stabilize Pickering emulsions [START_REF] Pawlik | Food-grade Pickering emulsions stabilised with solid lipid particles[END_REF]. The fat crystals used to stabilize Pickering emulsions have a size of hundreds of nanometers and the resulting emulsion droplets are relatively small (from hundreds of nanometers to tens of micrometers) (Table 6). All types of emulsions, O/W, W/O and multiple, can be obtained with fat crystals. Gupta & Rousseau [START_REF] Gupta | Surface-active solid lipid nanoparticles as Pickering stabilizers for oil-in-water emulsions[END_REF] formulated O/W emulsions stabilized with glyceryl stearyl citrate crystals of spherical or ellipsoidal form (≈ 10-20 x 20-140 nm) using a biocompatible oil (canola oil). The resulting emulsions exhibited small droplets (≈ 460 nm). Pawlik et al. [START_REF] Pawlik | Food-grade Pickering emulsions stabilised with solid lipid particles[END_REF] formulated W/O emulsions stabilized with tripalmitin spherical crystals using a biocompatible oil (sunflower). They varied the surfactants used to prepare the tripalmitin crystals and obtained emulsion droplets of ≈ 5-15 µm. Spyropoulos et al. [START_REF] Spyropoulos | W/O/W Emulsions Stabilized by Fat Crystals -Their Formulation, Stability and Ability to Retain Salt[END_REF] formulated W/O/W emulsion using sunflower oil. Only the inner droplets of the emulsion were stabilized by mono and triglyceride crystals. But, in principle, it should be possible to stabilize multiple emulsions with fat crystals only as they allow the stabilization of O/W and W/O emulsions. However, studies of these kinds of systems in the pharmaceutical field are still lacking.

Cyclodextrin particles

Cyclodextrins (CD) are cyclic oligosaccharides derived from starch hydrolysis by cyclodextrin glycosyl transferase bacterial enzyme (CG-Tase). There are three major types of native CD: α-CD, β-CD and γ-CD corresponding to six, seven and eight glucose units, respectively, bridged through glycosidic bonds. CD possess a cone-shaped chemical structure with a hydrophobic subnanometer-sized cavity allowing encapsulating molecules through non-covalent interactions forming inclusion complexes. The cavity volume changes with the type of CD: 174 Å for α-CD, 262 Å for β-CD and 427 Å for γ-CD [START_REF] Szejtli | Introduction and general overview of cyclodextrin chemistry[END_REF]. CD are non-toxic depending on the dosage and the administration route. They are used as pharmaceutical excipients to increase the aqueous solubility, stability and bioavailability of complexed API, but also to reduce gastrointestinal or ocular irritation or to mask an unpleasant taste or smell [START_REF] Loftsson | Pharmaceutical applications of cyclodextrins. 1. Drug solubilization and stabilization[END_REF]. Though CD molecules in water have no surface activity, they can form amphiphilic complexes with oil. Inoue et al. [START_REF] Inoue | Preparation and Characterization of n-Alkane/Water Emulaion Stabilized by Cyclodextrin[END_REF] showed the ability of precipitated α-, β-and γ-CD/oil complexes to stabilize emulsions with an influence of the complex on the interfacial tension. They found that the most stable emulsions were obtained using β-CD/oil complexes which, among the three types of CD, had its three-phase contact angle the closest to 90 °. A non-biocompatible oil (n-alkane) was, however, used in this study. Inoue et al. [274] demonstrated the emulsification ability of β-CD complex with biocompatible oils (squalene, soybean oil and liquid paraffin) (Table 6). They formulated O/W Pickering emulsions stabilized with β-CD/oil complexes and W/O Pickering emulsions stabilized with complexes between the oil and β-CD modified with tripropanoyl or tributanoyl. Mathapa & Paunov [START_REF] Mathapa | Cyclodextrin stabilised emulsions and cyclodextrinosomes[END_REF] demonstrated the ability of molecularly dissolved α-and β-CD to assemble into microrod particles directly at the emulsion droplet surface, and thus to effectively allow the formation of Pickering emulsions. They also showed that these microrod particles were longer with α-CD (≈ 100 µm) than with β-CD (<10 µm). Taguchi et al. [START_REF] Taguchi | Application of Pickering Emulsion with Cyclodextrin as an Emulsifier to a Transdermal Drug Delivery Vehicle[END_REF] formulated O/W emulsions stabilized with β-CD/oil complexes, with isopropyl myristate as the oil phase. Captopril, an angiotensin converting enzyme inhibitor used as a model drug in this study, was located in the aqueous phase. In vitro skin permeation studies on excised skin of hairless mice showed that these Pickering emulsions could improve skin permeability of captopril compared to aqueous solutions, oil suspensions or surfactant-stabilized emulsions. Above a given drug concentration, β-CD/captopril complexes were formed, which inhibited the formation of β-CD/oil complexes. This led to more unstable emulsions, since it was expected that the contact angle of β-CD/captopril complexes was smaller than that of β-CD/oil complexes. CD/oil complexes are not the only form of CD capable of stabilizing Pickering emulsions (Table 6). Kawano et al. [START_REF] Kawano | Preparation of Pickering emulsions through interfacial adsorption by soft cyclodextrin nanogels[END_REF] showed the ability of a soft CD nanogel to stabilize emulsions using non-biocompatible oils. CD nanogels were prepared by the cross-linking of heptakis(2,6-di-O-methyl)-β-CD. The CD nanogel hydrophobicity could be tuned by their cross-linking degree. Leclerq & Nardello-Rataj [START_REF] Leclercq | Pickering emulsions based on cyclodextrins: A smart solution for antifungal azole derivatives topical delivery[END_REF] demonstrated the potentiality of Pickering emulsions stabilized by CD/oil complexes and CD/oil complexes particles for pharmaceutical applications. CD/oil complexes acted as a surfactant with the CD as the polar head and the uncomplexed apolar part of the oil as the hydrophobic tail. The CD/oil complexes were then able to self-assemble, forming NP when their concentration increased. Thus, the authors were able to formulate Pickering emulsions stabilized either by CD/oil complexes (at low CD concentration) or by CD/oil complexes NP (at high concentration) and to encapsulate econazole nitrate, an antifungal API, in the oil droplets of these emulsions. The antifungal and antimicrobial activities of such Pickering emulsions were evaluated in vitro, showing an efficiency at least as important as a commercially available form and without the risk associated with the synthetic surfactants.

Drug nanocrystals/nanoparticles

Pickering emulsions were also directly stabilized by active molecule or drug nanoparticles or nanocrystals [START_REF] Aditya | Amorphous nano-curcumin stabilized oil in water emulsion: Physico chemical characterization[END_REF][START_REF] Yi | A new drug nanocrystal selfstabilized Pickering emulsion for oral delivery of silybin[END_REF][START_REF] Luo | Particle-Stabilizing Effects of Flavonoids at the Oil-Water Interface[END_REF][START_REF] Luo | Effects of pH on the ability of flavonoids to act as Pickering emulsion stabilizers[END_REF] (Table 6). Aditya et al. [START_REF] Aditya | Amorphous nano-curcumin stabilized oil in water emulsion: Physico chemical characterization[END_REF] stabilized sunflower oil Pickering emulsions with nanosized amorphous curcumin. Curcumin nanoparticles (≈ 220 nm) were obtained by antisolvent precipitation technique. The resulting Pickering emulsions were stable with relatively small droplets (≈ 1 µm). For their part, Luo et al. [START_REF] Luo | Particle-Stabilizing Effects of Flavonoids at the Oil-Water Interface[END_REF][START_REF] Luo | Effects of pH on the ability of flavonoids to act as Pickering emulsion stabilizers[END_REF] prepared particles from various flavonoids (a family of molecules known for their potential health impact that are insoluble in water and in oil) to stabilize emulsions using a non-biocompatible oil (n-tetradecane). They obtained stable emulsions with tiliroside, rutin and naringin with droplet size of ≈ 16 µm, 6 µm and 5 µm, respectively. These flavonoids were pH-responsive due to their change of solubility with pH. Yi et al. [START_REF] Yi | A new drug nanocrystal selfstabilized Pickering emulsion for oral delivery of silybin[END_REF] used silybin nanocrystals to stabilize an O/W emulsion using a biocompatible oil (glyceryl monocaprylate). This flavonoid has a poor solubility in water and a poor oral bioavailability. It was already used for the treatment of acute and chronic liver diseases and it showed efficacy against tumor growth, angiogenesis, inflammation and metastasis [START_REF] Loguercio | Silybin and the liver: From basic research to clinical practice[END_REF].

The silybin nanocrystals (≈ 300 nm) were prepared by high-pressure homogenization treatment of silybin coarse powder suspension in water. An in vitro dissolution study of the silybin and a pharmacokinetic study in rats were also conducted. The authors noticed a faster in vitro dissolution and released of the silybin from the Pickering emulsion than from the nanocrystal suspension, which was itself faster than with the coarse suspension. These differences were explained by i) the silybin state (the size of nanocrystals was smaller with a larger surface, inducing more contact with the medium), and by ii) the dissolution of part of the sibylin in the oil phase of the emulsion, leading to a faster dissolution than when sibylin was only present in water. They also noticed an increase in the blood concentration of sibylin in rats in the case of the Pickering emulsion compared to the nanocrystal suspension. Such systems could thus enhance the bioavailability of a poorly soluble drug due to its accelerated and partial dissolution in the oil phase of the emulsion. These emulsions are undoubtedly promising for pharmaceutical applications.

Virus, spores, bacteria and yeasts

Nature is also able to produce directly particles of micro-nanometer size such as viruses, spores, bacteria and yeasts. They present the advantage of being very monodisperse in size and possibly functionalized [START_REF] Russell | Self-Assembly and Cross-Linking of Bionanoparticles at Liquid-Liquid Interfaces[END_REF]. Moreover, they are already used for pharmaceutical applications.

For example, probiotics are human-friendly bacteria for the treatment and prevention of diseases [START_REF] Doron | Probiotics: their role in treatment and prevention of disease[END_REF]. Various viruses (human, plant or animal viruses) can be used as vaccines or as vectors/carriers for drugs or genes to target cells; the bacteriophage viruses can even be used as an alternative to antibiotic treatments [START_REF] Ravat | Bactériophages et phagothérapie: Utilisation de Virus Naturels pour traiter les infections bactériennes[END_REF][START_REF] Ren | Application of Plant Viruses as Nano Drug Delivery Systems[END_REF]. Some works have demonstrated the ability of such natural particles to stabilize Pickering emulsions. Binks et al. [START_REF] Binks | Naturally Occurring Spore Particles at Planar Fluid Interfaces and in Emulsions[END_REF] have shown that lycopodium clavatum spores (already used in homeopathic treatments) could stabilize Pickering emulsions using various oils, including some biocompatible ones. These spores are valuable candidates to stabilize pharmaceutical Pickering emulsions as they have been used for centuries in the treatment of diarrhea, eczema and gout.

Ballard & Bon [START_REF] Ballard | Hybrid biological spores wrapped in a mesh composed of interpenetrating polymernanoparticles as "patchy" Pickering stabilizers[END_REF] have modified the hydrophobicity of spores by coating their surface with polymers. The polymer was adsorbed onto the polygon-like surface of the spore, modifying it according to the polymerization degree. They also showed that these polymer coated spores were able to stabilize Pickering emulsions. However, the non-biocompatible oil used (hexadecane) should be changed for a further possible pharmaceutical application.

For their part, Russel et al. [START_REF] Russell | Self-Assembly and Cross-Linking of Bionanoparticles at Liquid-Liquid Interfaces[END_REF] and Kaur et al. [START_REF] Kaur | Interfacial Assembly of Turnip Yellow Mosaic Virus Nanoparticles[END_REF] used, respectively, cowpea and turnip yellow mosaic virus as a model virus to stabilize O/W Pickering emulsions using perfluorodecalin as the oil. They demonstrated that the droplets were fully covered by a monolayer of viruses.

They also showed that viruses maintained their structure and integrity during emulsification.

Bacterial cells can also be used as Pickering emulsions stabilizers. Dorobantu et al. [START_REF] Dorobantu | Stabilization of Oil-Water Emulsions by Hydrophobic Bacteria[END_REF] and Firoozmand & Rousseau [START_REF] Firoozmand | Microbial cells as colloidal particles: Pickering oil-in-water emulsions stabilized by bacteria and yeast[END_REF] and Furtado et al. [START_REF] Furtado | Breaking oil-in-water emulsions stabilized by yeast[END_REF] also demonstrated the ability of yeast cells to stabilize Pickering emulsions using a biocompatible oil (olive oil) for the first ones and a non-biocompatible oil (hexadecane) for the second. Like bacteria, yeast cells have proteins and polysaccharides on their surface allowing them to anchor at the interface of the droplets.

Other particles

Ye et al. [START_REF] Ye | Oil-in-Water Emulsion System Stabilized by Protein-Coated Nanoemulsion Droplets[END_REF] firstly prepared a nanoemulsion stabilized by native protein micelles (casein). This nanoemulsion is not a Pickering emulsion. Then, they used these oil nanodroplets stabilized by casein micelles (≈ 150 nm) to stabilize an O/W emulsion with droplet size around 1 to 70 µm.

The same non-biocompatible oil (n-hexadecane) was used for the nanoemulsion droplets and for the Pickering emulsion droplets. The nanodroplets are deformed at the interface and the authors noted the influence of the nanoemulsion droplets on the size of the emulsion droplets and on their surface coverage. They compared the resulting emulsion to a Pickering emulsion. This concept could be used for pharmaceutical applications. Two different API could also be encapsulated: one in the oil of the nanoemulsion droplets and one in the oil of the Pickering emulsion droplets. It is even conceivable to encapsulate two API with the highest possible encapsulation rate as possible by using two different biocompatible oils, the ones leading to the best solubility for each API.

Discussion

Main interests of Pickering emulsions for pharmaceutical applications

The use of NP in Pickering emulsions can be seen as an issue since possible health concerns are raised by NP [START_REF] Colvin | The potential environmental impact of engineered nanomaterials[END_REF][START_REF] Bystrzejewska-Piotrowska | Nanoparticles: Their potential toxicity, waste and environmental management[END_REF][START_REF] López-Serrano | Nanoparticles: a global vision. Characterization, separation, and quantification methods. Potential environmental and health impact[END_REF]. The impact of NP on the body and the environment is still relatively unknown [START_REF] Bystrzejewska-Piotrowska | Nanoparticles: Their potential toxicity, waste and environmental management[END_REF][START_REF] López-Serrano | Nanoparticles: a global vision. Characterization, separation, and quantification methods. Potential environmental and health impact[END_REF][START_REF] Dreher | Health and Environmental Impact of Nanotechnology: Toxicological Assessment of Manufactured Nanoparticles[END_REF][START_REF] Lin | Phytotoxicity of nanoparticles: Inhibition of seed germination and root growth[END_REF]. In this context, biodegradable Pickering emulsions obtained from biodegradable and biocompatible particles and oils appear particularly attractive. This includes, among others, particles of cellulose, chitosan, chitin, starch, PLGA and PCL which are already used to prepared Pickering emulsions intended or not for pharmaceutical applications [START_REF] Ikada | Biodegradable polyesters for medical and ecological applications[END_REF].

API encapsulation and co-encapsulation

As with classical emulsions stabilized by synthetic surfactants, an API can be encapsulated in the droplets of Pickering emulsions. Many examples have been provided in section 4. They exhibit the same advantages, such as API protection, API solubility and bioavailability increase, bad taste or texture masking. Moreover, Pickering emulsions could help to lower or even to avoid the toxicity risk linked to synthetic surfactants. They also display very good physical stability, sometimes up to several years. Compared to conventional emulsions, Pickering emulsions improve the protection of the API from degradation due to the solid barrier of particles around the droplets [START_REF] Wang | Fabrication and Characterization of Antioxidant Pickering Emulsions Stabilized by Zein/Chitosan Complex Particles (ZCPs)[END_REF][START_REF] Liu | Soy glycinin as food-grade Pickering stabilizers: Part. III. Fabrication of gel-like emulsions and their potential as sustained-release delivery systems for βcarotene[END_REF][START_REF] Shao | Gel-like pea protein Pickering emulsions at pH3.0 as a potential intestine-targeted and sustained-release delivery system for β-carotene[END_REF][START_REF] Tan | Gelatin Particle-Stabilized High-Internal Phase Emulsions for Use in Oral Delivery Systems: Protection Effect and in Vitro Digestion Study[END_REF][START_REF] Xiao | Kafirin Nanoparticle-Stabilized Pickering Emulsions as Oral Delivery Vehicles: Physicochemical Stability and in Vitro Digestion Profile[END_REF]. Thanks to this protection during oral and gastric digestion they allow an intestinal release [START_REF] Marefati | Storage and digestion stability of encapsulated curcumin in emulsions based on starch granule Pickering stabilization[END_REF]. They could also enhance API skin absorption and accumulation [START_REF] Marku | Characterization of starch Pickering emulsions for potential applications in topical formulations[END_REF][START_REF] Chen | Highly Compressed Assembly of Deformable Nanogels into Nanoscale Suprastructures and Their Application in Nanomedicine[END_REF][START_REF] Laredj-Bourezg | Pickering Emulsions Stabilised by Biodegradable Particles Offer a Double Level of Controlled Delivery of Hydrophobic Drugs[END_REF][START_REF] Frelichowska | Pickering w/o emulsions: Drug release and topical delivery[END_REF] as well as API efficacy [START_REF] Mikulcová | On the preparation and antibacterial activity of emulsions stabilized with nanocellulose particles[END_REF][START_REF] Leclercq | Pickering emulsions based on cyclodextrins: A smart solution for antifungal azole derivatives topical delivery[END_REF] and bioaccessibility [START_REF] Tan | Gelatin Particle-Stabilized High-Internal Phase Emulsions for Use in Oral Delivery Systems: Protection Effect and in Vitro Digestion Study[END_REF].

To the best of our knowledge, no clear mechanisms were provided for these observations. In Pickering emulsions, the API can be encapsulated not only in the oil but also within the particles or grafted onto their surface. For instance, Wang et al. [START_REF] Wang | Fabrication and Characterization of Antioxidant Pickering Emulsions Stabilized by Zein/Chitosan Complex Particles (ZCPs)[END_REF] have encapsulated an active molecule (curcumin) in particles (zein-chitosan complex particles). However, API could be encapsulated or grafted at the surface of all the particles presented in section 4. The API particles can also be by themselves the emulsion stabilizer like with drug nanocrystals or nanoparticles [START_REF] Aditya | Amorphous nano-curcumin stabilized oil in water emulsion: Physico chemical characterization[END_REF][START_REF] Yi | A new drug nanocrystal selfstabilized Pickering emulsion for oral delivery of silybin[END_REF][START_REF] Luo | Particle-Stabilizing Effects of Flavonoids at the Oil-Water Interface[END_REF][START_REF] Luo | Effects of pH on the ability of flavonoids to act as Pickering emulsion stabilizers[END_REF].

The major advantage of Pickering emulsions, compared to classical simple emulsions stabilized with synthetic surfactants, is the possibility to co-encapsulate several API in a single emulsion: one in the droplets and one in the particles. Various sustained release profiles could be obtained between the API encapsulated in the droplets and the one encapsulated in the particles, allowing to reduce the number of administrations needed, and thus to improve the patient compliance. A synergistic effect between the co-encapsulated API might also be obtained, allowing to decrease the doses.

It is interesting to note that the potential pharmaceutical Pickering emulsions presented in section 4 are almost exclusively simple and mostly O/W ones. However, multiple W/O/W [START_REF] Spyropoulos | W/O/W Emulsions Stabilized by Fat Crystals -Their Formulation, Stability and Ability to Retain Salt[END_REF] and O/W/O [START_REF] Cunha | Preparation of Double Pickering Emulsions Stabilized by Chemically Tailored Nanocelluloses[END_REF] Pickering emulsions were also formulated. Multiple emulsions are interesting for pharmaceutical applications as they should allow the co-encapsulation of three API: one in the internal droplets, the second one in the larger droplets and the last one in the particles.

When stabilized by surfactants, multiple emulsions are highly unstable due to the use of two types of surfactants, one hydrophilic and the other hydrophobic, being both able to desorb from the interface [START_REF] Garti | Double emulsions-scope, limitations and new achievements[END_REF]. With multiple Pickering emulsions, the particles are strongly adsorbed at the interface, creating much more stable multiple emulsions than with synthetic surfactants. To the best of our knowledge, no study has been conducted to confirm the potential of multiple Pickering emulsions for pharmaceutical applications yet.

Tuning the Pickering emulsion characteristics for pharmaceutical applications

The targeted droplet size depends on the desired pharmaceutical application. For example, as previously mentioned in section 4, for the injection route, the droplet size should usually be smaller than 5 µm. The opportunity to tune the droplet size towards the application is, thus, particularly attractive for the pharmaceutical field. As shown in sections 2 and 3, particles composition, wettability, adsorption, concentration, size, shape, surface charge as well as the emulsification process, oil phase type, salt concentration and pH, are many ways to modulate the droplet size of Pickering emulsions.

Particles are available with various size ranges, rigidities, shapes and surfaces. Thus, according to the particles chosen to stabilize the emulsion, the pharmaceutical benefit can be tuned. For example, when the particles reach the bloodstream, these parameters significantly influenced their long-term circulation. Particles with a size lower than 5 nm are recognized for having a fast clearance from the circulation, whereas the larger particles (up to 5 µm) are accumulated in the body and can be uptaken by the cells [START_REF] Petros | Strategies in the design of nanoparticles for therapeutic applications[END_REF]. The characteristics of the particles can also influence their biodistribution, their cellular uptake in a specific cell type, their internalization rate or their ability to cross biological barriers [START_REF] Petros | Strategies in the design of nanoparticles for therapeutic applications[END_REF]. If the particles do not contain an API, it might be appropriate to choose particles which exhibit a fast clearance if they reach the bloodstream, or which are not able to penetrate the skin if the emulsions are applied topically.

Most of the studies on Pickering emulsions were performed with non-biocompatible model oils such as n-dodecane, toluene, n-tetradecane or hexadecane. This is because these oils are well-defined model oils, and thus are easier to use for numerous characterization techniques than most of the biocompatible oils which are complex mixtures of triglycerides. The change for a biocompatible oil is required for a pharmaceutical application. This could induce dramatic modifications in the emulsion properties as already explained in part 3.2.

Stimuli-responsive emulsions

The possibility to obtain stimuli-responsive emulsions using particles sensitive [START_REF] Tang | Stimuli-responsive Pickering emulsions: recent advances and potential applications[END_REF] to pH [START_REF] Fujii | Stimulus-Responsive Particulate Emulsifiers Based on Lightly Cross-Linked Poly(4-vinylpyridine)-Silica Nanocomposite Microgels[END_REF][START_REF] Ngai | Novel emulsions stabilized by pH and temperature sensitive microgels[END_REF][START_REF] Guo | Dual responsive Pickering emulsions stabilized by constructed core crosslinked polymer nanoparticles via reversible covalent bonds[END_REF][START_REF] Liu | pH-Responsive Pickering Emulsions Stabilized by Silica Nanoparticles in Combination with a Conventional Zwitterionic Surfactant[END_REF], ionic strength [START_REF] Ngai | Environmental Responsiveness of Microgel Particles and Particle-Stabilized Emulsions[END_REF], temperature [START_REF] Jiang | Switchable Pickering Emulsions Stabilized by Silica Nanoparticles Hydrophobized In Situ with a Switchable Surfactant[END_REF] magnetic field [START_REF] Melle | Pickering Emulsions with Controllable Stability[END_REF][START_REF] Flores | Magnetically-active Pickering emulsions stabilized by hybrid inorganic/organic networks[END_REF][START_REF] Zhang | Magnetic polymer enhanced hybrid capsules prepared from a novel Pickering emulsion polymerization and their application in controlled drug release[END_REF] or electric field [START_REF] Chen | Coalescence of Pickering Emulsion Droplets Induced by an Electric Field[END_REF][START_REF] Hwang | Destabilization of Pickering emulsions using external electric fields[END_REF][START_REF] Peng | Electrochemical Stimulated Pickering Emulsion for Recycling of Enzyme in Biocatalysis[END_REF] is also very promising. Indeed, an emulsion disruption with external stimuli can induce i) enhanced stability during storage if the emulsion is only destabilized with an external stimulus which can be controlled during storage; and ii) a targeted release of the API in the human body.

For example, an emulsion stabilized with temperature-responsive particles can be stored with good stability at a given temperature and be disrupted once in the human body, allowing the release of the API. With an emulsion stabilized with pH-responsive particles, it is possible to target a body region for the API release as the physiological pH varies (≈ 6.7-7.4 for the lungs, ≈ 4.5-5.5 for the skin, ≈ 7.35-7.45 for the blood, ≈ 1-3 for the stomach, ≈ 8 for the rectum or the gut, ≈ 3.8-4.5 for the vagina) [START_REF] Sarker | Pharmaceutical emulsions: a drug developers toolbag[END_REF]. For example, an emulsion that is stable at pH = 1-3 and disrupted at pH = 8 will release the API in the gut when administered by the oral route.

Emulsions stabilized with electric or magnetic field responsive particles, for their part, could be used for theranostic applications, with an API release induced by an external electric or a magnetic field, even if such particles are often only biocompatible and not biodegradable [START_REF] Tang | Stimuli-responsive Pickering emulsions: recent advances and potential applications[END_REF].

Those potential pharmaceutical applications of Pickering emulsions represent exciting opportunities.

Challenges to overcome for an industrial application of Pickering emulsions

No product based on Pickering emulsions is commercialized yet, but a lot of systems were patented. Some obstacles to the Pickering emulsions industrialization remained to be overcome.

The particles preparation will need to be scaled up, which is not obvious for all the particle types.

The storage stability should be improved, in particular when API are encapsulated in biodegradable particles. The particles should be degraded only once administered and not during storage. The use of stimuli-sensitive particles can be helpful in this aspect. Interestingly, some Pickering emulsions can be dried. Indeed, in certain cases, the particles at the interface are able to maintain the droplet integrity even after the external phase removal. Such systems can be compared to liquid marbles [START_REF] Mchale | Liquid marbles: principles and applications[END_REF]. For example, Marefati et al. [START_REF] Marefati | Freezing and freeze-drying of Pickering emulsions stabilized by starch granules[END_REF] freeze-dried Pickering emulsions stabilized with starch granules forming an oil powder. This oil powder can then be rehydrated to reconstitute the Pickering emulsion. This technique can be a valuable strategy for Pickering emulsion storage. Indeed, if the particles degradation mechanisms imply hydrolysis, removing the aqueous phase could protect the NP from degradation, and thus allow long-term stability. Moreover, the API contained in the oil phase or in the particles would be protected against oxidation during storage.

The sterilization of the formulations is already an issue for emulsions stabilized by surfactants [START_REF] Floyd | Top ten considerations in the development of parenteral emulsions[END_REF] and is again more likely to be problematic for Pickering emulsions. The sterilization process by filtration is performed with a membrane with 0.2 µm pores. This cut off is sometimes smaller than the particles used for Pickering emulsions [START_REF] Meltzer | The sterilizing filter and its pore size rating[END_REF]. The sterilization by heating is not appropriate for high temperature-sensitive particles. The best strategy would be to produce aseptically the emulsions from sterilized components [START_REF] Floyd | Top ten considerations in the development of parenteral emulsions[END_REF], but the sterilization of particles could be difficult to achieve. A lot of work remains to be done on this issue.

Conclusion

Pickering emulsions are mostly prepared by high shear techniques (rotor-stator, high-pressure homogenization and sonication) and low shear techniques (membrane and microfluidic emulsifications). High shear techniques are quicker and easier to set up than low shear techniques, but the latter have the advantages not to modify the particles and to produce droplets in a controlled manner and with a lower polydispersity. The emulsification parameters
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 1 Figure 1: Schematic representation of a rotor-stator homogenizer

Figure 2 :

 2 Figure 2: Schematic representation of a high-pressure homogenizer with a standard homogenizing nozzle

Figure 3 :

 3 Figure 3: Schematic representation of the four main types of membrane emulsification techniques: a) direct membrane emulsification (DME), b) premix membrane emulsification, both adapted from Piacentini et al. [114], c) cross-flow membrane emulsification (XME), adapted from Yuan et al. [115], d) rotational membrane emulsification (RME), adapted from Manga et al. [111] and e) stirred-cell membrane emulsification (SCME).

Figure 4 :

 4 Figure 4: a) and b) examples of microfluidic devices for Pickering emulsions preparation: a) T-junction, b) flow-focusing. c) and d) light micrographs of silica-stabilized emulsions prepared by c) a homogenizer and d) a microchannel emulsification. Same scale bar on both. (c) and d) from Xu et al.[START_REF] Xu | Preparation of particle-stabilized oil-in-water emulsions with the microchannel emulsification method[END_REF] 

Figure 5 :

 5 Figure 5: Schematic representation of an O/W and a W/O Pickering emulsion at microscopic, and nanoscopic scales. The three-phase contact angle (θ) as well as the particle-oil (γ po ), particle-water (γ pw ) and oil-water (γ ow ) interfacial tensions are materialized on nanoscopic scale pictures (right).

Figure 6 :

 6 Figure 6: Variation of the energy required to remove a particle from an oil/water interface as a function of a) the three-phase contact angle (with γ ow = 30 mN/m and r = 10 nm), b) the radius of the particles (with θ = 90 and γ ow = 30 mN/m)and c) the interfacial tension at the oil/water interface (with θ = 90 and r = 10 nm). In Fig.6a, the y-axis is on a logarithmic scale. In Fig.6b, x-and y-axes are on a logarithmic scale. On the three graphs, the red horizontal dashed line corresponds to the k B T value at 293 K.

Figure 7 :

 7 Figure 7: Schematic representation of the limited coalescence theory. The double arrows schematize the droplets coming closer together.At low particle content, instability is often observed due to a lack of particles to stabilize the droplets: the droplets coalesce before the particles have time to stabilize them[START_REF] Juárez | Oil-in-water Pickering emulsion destabilisation at low particle concentrations[END_REF]. At high particle concentration, there are too many particles compared to the oil/water interfacial area created during the emulsification process. Thus, two possibilities are encountered: the droplets formed during the emulsification process are stabilized right away no matter their size, which induces size heterogeneity, or constant droplet size are obtained but particles are in excess in

Figure 8 :

 8 Figure 8: a) and b) SEM images of polymerized styrene-water emulsions stabilized by bacterial cellulose nanocrystals (images from Kalashnikova et al.[START_REF] Kalashnikova | Cellulosic nanorods of various aspect ratios for oil in water Pickering emulsions[END_REF]), c) and d) Cryo-SEM images of a water droplet covered with polystyrene ellipsoids (images from Madivala et al.[START_REF] Madivala | Exploiting particle shape in solid stabilized emulsions[END_REF]), e) and f) Cryo-SEM images of dodecane drops covered by microgels; during sample fracture the frozen oil has been removed, allowing direct visualization of microgels residing at the interface (images from Destribats et al.[START_REF] Destribats | Soft microgels as Pickering emulsion stabilisers: role of particle deformability[END_REF]), g) arrangement of cubic particles at the oil-water interface (image from de Folter et al.[START_REF] De Folter | Particle Shape Anisotropy in Pickering Emulsions: Cubes and Peanuts[END_REF]), h) peanuts assembled at the oil-water interface in interdigitating stacks (image from de Folter et al.[START_REF] De Folter | Particle Shape Anisotropy in Pickering Emulsions: Cubes and Peanuts[END_REF]) and i) SEM image of microbowls but not at the O/W interface (image from Nonomura et al.[START_REF] Nonomura | Multiple Pickering Emulsions Stabilized by Microbowls[END_REF])

Figure 9 :

 9 Figure 9: Cryo-SEM image of the interface of a heptane-in-water emulsion drop covered by 2.5 mol% N,N'-Methylenebisacrylamide cross-linked microgels after sublimation (front view). From Destribat et al. [166].

  1µm

MCT = medium chain

  triglycerides, PNIPAM = poly(N-isopropyl acrylamide), AA = coallylamine, IV = intravenous, MAA = methacrylic acid, PLA = poly(lactic acid), PEG = poly(ethylene glycol), PCL = poly(caprolactone), PEO = poly(ethylene oxide), PLGA = poly(acid lactic-co-glycolic) acid, PVA = poly(vinyl alcool) * = phase containing the particles

Firoozmand&

  Rousseau[START_REF] Firoozmand | Microbial cells as colloidal particles: Pickering oil-in-water emulsions stabilized by bacteria and yeast[END_REF] used various bacterial cells to stabilize O/W and W/O Pickering emulsions (Acinetobacter venetianus, Rhodococcus erythropolis, Rhizomonas suberifaciens, Pseudomonas fluorescens, Lactobacillus acidophilus and Streptococcus thermophilus). They noticed that the bacteria were able to attach and form a film with particle interactions at the interface, inducing the Pickering emulsion stabilization. The ability of bacteria to adsorb at the interface is linked to their surface properties and composition (in proteins, polysaccharides and polypeptides) and their ability to induce hydrophobic interactions[START_REF] Dorobantu | Stabilization of Oil-Water Emulsions by Hydrophobic Bacteria[END_REF]. Wongkongkatep et al.[START_REF] Wongkongkatep | Bacteria Interface Pickering Emulsions Stabilized by Self-assembled Bacteria-Chitosan Network[END_REF] have coated bacteria (Staphylococcus aureus, Bacillus subtilis, Bacillus cereus, Escherichia coli and Lactobacillus sakei) with chitosan in order to enhance their hydrophobic properties. Such particles were able to stabilize Pickering emulsions by the formation of a selfassembled bacterial-chitosan network at the droplet interface. However, among the studies performed with bacteria, only Firoozmand & Rousseau[START_REF] Firoozmand | Microbial cells as colloidal particles: Pickering oil-in-water emulsions stabilized by bacteria and yeast[END_REF] used a biocompatible oil (olive oil).

  

Table 1 :

 1 Summary of the major advantages of the different emulsification techniques.

		Easy setting-up	Quick process	Absence of risk of particle disruption	Absence of risk of temperature rise	Possibility droplets to obtain sub micrometric	Low polydispersity	Low energy consumption	Current industrialization possibilities
	Rotor-stator homogenization	+	+	-	-	-	-	+/-	+
	High-pressure homogenization	-	+	-	-	+	-	-	+
	Ultrasonic emulsification	+	+	-	-	+	-	+/-	-
	Membrane emulsification	-	-	+	+	+	+	+	-
	Microfluidic emulsification	-	-	+	+	+	+	+	-
				+ = yes; -= no; +/-= intermediate		

Table 2 :

 2 Examples of Pickering emulsions stabilized by natural polymer-based particles (starch-and cellulose-based particles)

	particles

methacrylate -poly(methacrylic acid), * = phase containing the particles

Table 3 :

 3 Examples of Pickering emulsions stabilized by natural polymer-based particles (chitosan-, chitin-, lignin-based particles and others)

	particles

Table 4 :

 4 Examples of Pickering emulsions stabilized by biocompatible synthetic polymer-based particles

	particles

Table 5 :

 5 Examples of Pickering emulsions stabilized by protein-based particlesProteins are biocompatible biopolymers already largely used in food formulations. Protein particles can be prepared from the native protein by various techniques such as anti-solvent

	particles

Table 6 :

 6 Examples of Pickering emulsions stabilized by fat crystals, cyclodextrin particles, drug nanocrystals, viruses, spores, bacteria and yeasts

	particles
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as well as the particle wettability, the nature of the oil phase, the aqueous phase/oil phase ratio, the particle adsorption rate, concentration, size, shape, roughness, surface charge, the salt concentration and the pH can be modified to tune the emulsions type (simple or multiple, O/W or O/W), the droplet sizes and their stability. All these parameters are interlinked and, often, changing one parameter induces changes for the others.

Pickering emulsions stabilized with organic particles exhibit a real potential for pharmaceutical applications. This includes Pickering emulsions stabilized with particles based on natural polymers (such as starch, cellulose, chitin/chitosan or lignin-based particles), biocompatible synthetic polymers (such as PNIPAM, PLA, PLGA, PCL or PEO), proteins (from soy, pea, whey, egg white, zein, ferritin, gelatin or β-lactoglobulin) and cyclodextrin complexes. This also encompasses emulsions stabilized by fat crystals, drug nanocrystals or nanoparticles, viruses, spores, bacteria and yeast. A part of the studies on the subject was already performed for specific pharmaceutical applications and others could be adapted for the pharmaceutical field by changing the oil nature. Numerous combinations of particles and oils are possible for as many possible pharmaceutical emulsion preparations. These emulsions could be used for multiple API encapsulations as well as for theranostic applications with stimuli-responsive particles. A growing scientific community focuses its interest on Pickering emulsions and their application, especially in the pharmaceutical field. Some work remains to be done to gain a better knowledge of their stability during storage, to successfully sterilize these emulsions or to clearly demonstrate the benefit to co-encapsulate API in such systems.
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