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One-step High Internal Phase Pickering Emulsions stabilized by uncracked micronized orange pomace

High Internal Phase Emulsions (HIPE) were formulated using 1% w/w orange pomace (i.e. uncracked micro-scaled byproduct powder) as sole stabilizer, from a quick and simple process, with 80% of sunflower oil and 20% of water in the liquid phase. Various indicators were monitored over a 2-month storage at Tamb, such as droplet size distribution, flow and viscoelastic properties, multi-scale microstructure (light and confocal microscopy). HIPPEs were stable towards coalescence and drainage, showing the complementarity between the anchoring insoluble fraction acting as Pickering particles at the oil-water interface and the viscosifying/film-forming soluble compounds. The oil droplet size distribution remained the same, and no significant change could be quantified regarding the elastic modulus, the yield stress or the viscosity of the emulsions in 60 days. However, changing the oil source from sunflower to another vegetal or synthetic oil could lead to unstable systems.

Introduction

High Internal Phase Emulsions or HIPEs have been known for decades [START_REF] Lissant | The Geometry of High-Internal-Phase-Ratio Emulsions[END_REF][START_REF] Weiner | Emulsions and Emulsion Technology, Part I[END_REF].

To be considered as a HIPE, an emulsion must be composed of at least 74% of dispersed phase in already mentioned, starch (Zhao et al., 2019) and proteins [START_REF] Shi | Pickering and high internal phase Pickering emulsions stabilized by protein-based particles: A review of synthesis, application and prospective[END_REF][START_REF] Wang | Plant-based high internal phase emulsions stabilized by dual protein nanostructures with heat and freeze-thaw tolerance[END_REF]. In this overview, it is interesting to note that within the various processes, solvents are often required, with the addition of heat and/or acid hydrolysis, in order to obtain the desired particles and the final emulsions.

Moreover, the particles are almost all nano-scaled, with three exceptions including agglomerated nano particles. Since nanoparticles are still controversial for food applications [START_REF] Murray | Pickering emulsions for food and drinks[END_REF], one could wonder if HIPPEs could not be formulated straightforward out of solid microparticles.

The aim of the present study is to introduce a new type of HIPPE, only stabilized by a vegetal food byproduct powder, i.e. orange pomace obtained from orange juice production. This strategy relies on 3 strong prerequisites: 1) the orange pomace is not fractionated: no extraction nor purification is carried out. Therefore, no solvent (even water) is used to obtain the particles, which only rely on thermomechanical treatment (i.e. drying and micronizing); 2) the obtained solid particles are micro-scaled, with a median size of 7 µm and were already used in a previous work as sole stabilizer of Pickering emulsions [START_REF] Huc-Mathis | Pickering emulsions based on food byproducts: A comprehensive study of soluble and insoluble contents[END_REF]; 3) the HIPPEs postulated in the present study are formulated in a fast (4 min) and simple (rotor-stator) process at ambient temperature. Therefore, these HIPPEs shall be good candidates for food and other bio-products applications, as simple, natural and acceptable products. To the best of our knowledge, it is the first time that an O/W HIPPE is formulated out of 3 natural ingredients only: micro-scaled vegetal by-product powder, vegetal oil and water. As a consequence, they can easily be used as tunable platform emulsions by the industry, in order to get innovative sensory properties while meeting consumer's expectations for more naturalness. The objective was thus to characterize the proof of concept, as regards to rheological properties (flow behavior and viscoelastic properties), microstructure and evolution with time in both normal and so-called accelerated aging conditions.

Materials & Methods

Characterization of the raw materials

The ultra-fine orange powder (VITACEL® CS 7) was kindly provided by JRS Retteinmaier (Rosengerd, Germany) and the sunflower, rapeseed, paraffin, borage and olive oils were purchased commercially.

The orange pomace powder was purposely chosen as an uncracked and non-modified material, obtained after drying and micronizing a side stream from juice production, i.e. Citrus Aurantium Dulcis orange pomace, without using any solvent or additional process step such as extraction or purification.

Dispersion and emulsification processes

Emulsions were formulated in 200 mL batches. The orange powder (1 g) was dispersed in the sunflower oil phase (158.4 g) using a Polytron rotor-stator (PTG 30/2, Kinematica AG, Switzerland) at 10,000 rpm during 2 min at ambient temperature. Distilled water (39.6 g) was added at one and the emulsification was carried out using the same device at 10,000 rpm during 2 more minutes, also at ambient temperature.

The emulsions thus contained 1% w/w of orange powder and the 99% of liquid phase was composed of 80% w/w of sunflower oil and 20% of distilled water.

Emulsions characterization

Size distribution

Particle size distribution was measured using a Mastersizer 2000 analyzer (Malvern Instruments, Worcestershire, UK). Measurements were carried out in a liquid cell at ambient temperature (RI = 1.6, RI dispersant = 1.33, Ab 0.1). Particle size distribution is expressed as volume of particles (%) = f(size (μm)). Six repetitions were performed for each powder at each day of measurement.

Rheological properties

Apparent viscosity (η, Pa.s), storage and loss moduli (G', Pa; G'', Pa) of the emulsions were measured using a MCR 301 rheometer (Anton Paar, Graz, Austria) with a striated plate-plate geometry (5 cm diameter, 1 mm gap) using a solvent trap to avoid any change in water content. The temperature was set at 25 °C and controlled with a Peltier plate. All measurements were made in triplicate. For flow measurements, the shear rate was set from 0.1 to 100 s -1 . Experimental data were fitted by a power law equation giving the shear-thinning index (n, -) and the consistency index (k, Pa.s n ). For dynamic measurements, two tests were carried out: 1) a maximum strain amplitude sweep, ranging from 0.01 to 150%, with a 1 Hz frequency, in order to determine the viscoelastic linear domain where the plateau value of the elastic modulus (G', Pa), the viscous modulus (G'', Pa) and the tan(d) (G''/G') were retrieved, as well as the yield stress calculated as the crossing point of the elastic and storage moduli, i.e. when tan(d) = 1, and 2) a frequency sweep, within a range from 100 to 0.1 Hz, and a 0.2% strain, taken from the viscoelastic linear domain.

Light microscopy

Emulsions were observed with a light microscope (MZ6, Leica, Germany). Five snapshots per sample were taken at a 10-and 50-fold magnification. In order to avoid disrupting the oil droplets scaffold, two protocols were tested, i.e. with and without using a cover-slip. In both cases, images were taken within 2 min after a drop of emulsion was sampled out from the emulsions, in order to avoid the drying of the aqueous phase. The images displayed in the present article were selected as representative of the obtained data.

Confocal laser scanning microscopy

Emulsions were observed under a reversed Confocal Laser Scanning Microscope (CLSM, TCS SP8 AOBS, Leica, Germany), after 21 days and 2 months of storage at ambient temperature. As a comparison, a sample stored at 50°C during 21 days was also observed in confocal microscopy. A few drops of each sample were put on a cover-slide already bearing a drop of Red Congo probe (Sigma-Aldrich, USA), with lexcitation = 497 nm. x10 (air) and x40 (water) objectives were used, with at least 3 pictures taken for each sample. The images displayed in the present article were selected as representative of the obtained data.

Results & Discussion

Particle size measurement

The emulsions were firstly characterized based on their particle size distribution, kinetically monitored during a 2-month storage at ambient temperature. It is represented on Figure 1a, as well as the evolution of the median droplet diameter d(0.5) over time (Figure 1b), since all distributions were monomodal. The particle stayed very similar from Day0 to Day60. It remained homogeneous, even though the span value slightly increased from 0.73 ± 0.002 at Day0, to 0.80 ± 0.005 at Day21 and 0.91 ± 0.02 at Day60, showing a higher difference between the extreme sizes of the distribution. However, the median diameter of the oil droplets remained constant during the storage of the emulsions, with 155 ± 8 µm at Day0 and 141 ± 8 µm at Day60. This order of magnitude is much higher than all sizes reported in literature, which could be expected since the solid particles commonly used as stabilizing agents for HIPPEs are nano-scaled [START_REF] Abdullah | A review of recent progress on high internalphase Pickering emulsions in food science[END_REF], even though [START_REF] Kaganyuk | Role of particles in the rheology of solid-stabilized high internal phase emulsions[END_REF] were able to stabilized droplets with diameters ranging from 14 to 67 µm or 21 to 86 µm with PPMA particles of 1.4 and 2.2 µm respectively. Still, Li et al. (2020) developed micro-scale particles for edible emulsions from meat proteins at a very close scale from the present study (8 -11 µm depending on the pH value) and surprisingly obtained oil droplet average diameters around a few microns (Li et al., 2020). This is very surprising since one could wonder how (semi-) solid particles were able to stabilized oil droplets 4 to 5 times smaller in diameter. Other studies reported a decreasing oil droplet size in gel-like emulsions made with a 75-85% volume fraction of oil, when increasing the (nano-scaled) "bio-sourced" particles load, such as starch [START_REF] Yang | High internal phase emulsions stabilized by starch nanocrystals[END_REF][START_REF] Wang | Thermoresponsive starch-based particle-stabilized Pickering high internal phase emulsions as nutraceutical containers for controlled release[END_REF], chitin [START_REF] Perrin | Chitin nanocrystals for Pickering high internal phase emulsions[END_REF], soybean polysaccharides [START_REF] Yang | Novel edible pickering high-internal-phase-emulsion gels efficiently stabilized by unique polysaccharide-protein hybrid nanoparticles from Okara[END_REF], and proteins, alone or mixed with other polymers (Zamani et al., 2018;[START_REF] Hao | Edible pickering high internal phase emulsions stabilized by soy glycinin: Improvement of emulsification performance and pickering stabilization by glycation with soy polysaccharide[END_REF][START_REF] Vélez-Erazo | High internal phase emulsions (HIPE) using pea protein and different polysaccharides as stabilizers[END_REF][START_REF] Cheng | Tunable high internal phase emulsions (HIPEs) formulated using lactoferrin-gum Arabic complexes[END_REF]. It must be emphasized that these particles are all nano-scaled, obtained through several process steps such as acid hydrolysis, ultrasonication, solvent evaporation, nano-precipitation, etc. They are sometimes also chemically-modified in order to increase their functional properties for stabilizing emulsions, such as OSA-starch for example. In the present study, the oil droplet sizes are not only much higher than any value reported in literature for HIPPEs formulated with bio-sourced particles, but to the best of our knowledge, these o/w emulsions are the first of their kind.

Microstructure assessed through light microscopy

Several samples were taken from the emulsions in order to test two different protocols of light microscopy observations, i.e. with and without using a cover-slip on the top of the drops. Indeed, as the oil droplets in the HIPPEs were found much bigger than for classical emulsions, and considering the high oil volume fraction (80%), one could wonder if compressing the samples was the best option for a proper observation. Figure 2 pictures representative images obtained from both protocols. The droplets appeared closed-packed, as expected considering the high oil volume fraction. Their sizes were consistent with the size distribution previously measured (median value around 150 µm). It can also be seen that the droplets are not completely spherical, but rather polyhedric, because they are deformed by surrounding ones. This is consistent with the first geometrical models established for HIPEs by Lissant and coworkers [START_REF] Lissant | The Geometry of High-Internal-Phase-Ratio Emulsions[END_REF][START_REF] Lissant | A Study of Medium and High Internal Phase RatioWater/Polymer Emulsion[END_REF], and the common observations obtained for HIPEs in literature [START_REF] Cameron | High Internal Phase Emulsions (HIPEs)-Structure, Properties and Use in Polymer Preparation[END_REF][START_REF] Foudazi | Physical chemistry of highly concentrated emulsions[END_REF]. Bago [START_REF] Rodriguez | High internal phase Pickering emulsions[END_REF] described the microstructure of HIPPEs as "compressed droplets of non-uniform size, ranging from slightly deformed spheres to highly faceted polyhedral drops separated by thin films of the continuous phase, producing an overall liquid-in-liquid foam type structure", which matches the previous observations made on the present emulsions.

The images taken with or without a coverslip were very close. The main difference appeared at 50-fold magnification, since the droplets were much more deformed with the cover-slip, which emphasized their polyhedric shape. The particles covering the droplets were also more visible with the cover-slip that without it (black dots on Figure 2.a and 2.b). However, when no cover-slip was used, the surface of the droplets still appeared rough rather than smooth and homogeneous, as it is usually the case for emulsions stabilized with surfactants for example. As a consequence, this protocol was chosen for the rest of the analyses. The microstructure was then assessed at different storage times, in order to characterize its evolution from Day 0 to Day 60 (Figure 3). No apparent change could be observed on the microstructure of the HIPPEs during their 2-month storage at ambient temperature. The size and shape of the droplets were similar, at both x10 and x50 magnification. This result is backing up the size distribution measurements previously displayed in Figure 1, confirming that the HIPPEs remained physically stable. In order to investigate further the "stability" of the emulsions, their rheological properties were also characterized with time.

Rheological properties

Several tests were carried out, at small and high level of deformation, in order to evaluate both the gel and flow properties. The results are summarized in Table 1. As expected, emulsions were shear-thinning over the yield stress, with an index (n) comprised between 0.25 and 0.28. In order to compare the viscosity of the HIPPEs, the shear value 50 s -1 was chosen, as a commonly used reference in food oral processing. It ranged from 277 to 388 mPa.s with a standard deviation comprised between 33 and 80 mPa.s. Therefore, the variation of viscosity was not significant, even if it seemed like the viscosity at 50 s -1 increased after a week of storage at ambient temperature, then stayed constant. Even if not significant, this trend could find an explanation in the strengthening of the network within the first days of storage, maybe due to the polymers released by the orange powder in the water phase. We were able to monitor the solubilization of compounds from the orange powder in the aqueous phase through rheological measurements. The viscosity of the aqueous phase almost doubled between 5 min and 2h of contact between the orange powder and distilled water (data not shown).

Regarding the dynamic rheological properties, the emulsions were all gels, with a storage modulus G' higher than the viscous modulus G'' at all storage times. The G' plateau value remained closed during the 3 first weeks of storage and increased at the final stage (Day 60). However, the ratio between G'' and G' (tan(d)) remained constant over the whole storage, which showed that when G' increased, G'' increased as well. The G' plateau value was lower than most of the results obtained from dynamic tests in literature, usually from 10 2 to 10 6 Pa, depending on particle load and dispersed phase volume fraction, for HIPPEs stabilized by silica or PPMA [START_REF] Kaganyuk | Role of particles in the rheology of solid-stabilized high internal phase emulsions[END_REF] or protein nanoparticles (Zamani et al., 2018;[START_REF] Xu | Novel pickering high internal phase emulsion gels stabilized solely by soy β-T conglycinin[END_REF] for example. This is probably due to the particle and oil droplet sizes, which are here much higher than the ones commonly used in literature, which led to weaker gels, closer to a creamy texture. It was confirmed with the yield stress which also remained constant with time, with slight variations between a minimum of 7.8 Pa and a maximum of 9.4 Pa.

Stabilizing mechanisms

It appeared that the present HIPPEs were closer to foams regarding their microstructure, than to classical emulsion ones. As already shown, the droplets were much bigger than those of emulsions stabilized with surfactants or proteins, which is a common feature of Pickering emulsions. However, reaching an average diameter as high as 150 µm still represents an exception, even for HIPPEs. This order of magnitude is thus much closer to air bubbles in foams. The aqueous phase with the soluble elements, is probably organized as a thin film around the oil droplets. The particles are located at the interface, as verified by confocal laser scanning microscopy (CLSM), with a specific staining for cellulosic materials carried out with Congo red, displayed in purple on Figure 4. CLSM images firstly confirmed the expected organization of the HIPPEs' microstructure: the size and shape of the oil droplets (negatively visible as unstained black zones) were consistent with the results previously obtained in light microscopy. The oil droplets were not perfectly spherical, some were rather polyhedric. They occupied the major part of the volume, with a continuous phase reduced to a thin film around them. The solid particles were mainly located at the interfaces, which was especially visible at x40 magnification. They could also be found within the continuous phase, especially in zones that could be called plateau borders if pushing further the analogy with foam microstructure. They might therefore be able to bridge some droplets together and some particles. Based on x40 magnification CLSM images, it appeared that solid particles were located within shared interfaces between two droplets or more. This would fit the "shared interface (bridged)" model postulated and schematized by [START_REF] Sarkar | Sustainable food-grade Pickering emulsions stabilized by plant-based particles[END_REF], and previously reporter by other authors [START_REF] Jiao | High-Internal-Phase Pickering Emulsions Stabilized Solely by Peanut-Protein-Isolate Microgel Particles with Multiple Potential Applications[END_REF][START_REF] Kaganyuk | Role of particles in the rheology of solid-stabilized high internal phase emulsions[END_REF][START_REF] Xu | Novel pickering high internal phase emulsion gels stabilized solely by soy β-T conglycinin[END_REF][START_REF] Tang | Globular proteins as soft particles for stabilizing emulsions: Concepts and strategies[END_REF] for high internal phase Pickering emulsions. Indeed, the authors separated for HIPPEs the cases where a single interface was shared between the neighboring droplets, from the case where a nonshared double interface was created. In the present case, we can hypothesize that the main structure leverage is the solid particles, able to adsorb themselves into a single layer at the interface, but also to locally bridge two droplets together through the continuous phase. Interestingly, [START_REF] Kaganyuk | Role of particles in the rheology of solid-stabilized high internal phase emulsions[END_REF] studied poly(methyl methacrylate) particles from 660 to 2,200 nm. They showed that smaller particles displayed a greater propensity for film rupture, leading to partially coalesced droplets.

On the contrary, larger particles resulted in a higher fraction of bridged particle mono-layers between neighboring droplets. This is in good agreement with the present observations, considering the even bigger particle size of micronized orange pomace powder, with their dry average size of 6 µm. Their good stabilization potential was also confirmed by the consequent prevention of coalescence, since the monitoring of the oil droplet size showed that it remained constant during a 2-month storage, even though the average diameter was very high compared to classical emulsions.

Finally, another interesting feature that could not be observed on CLSM images, was clearly visible in light microscopy. A film covered some droplets, partly or totally, connecting one droplet to the other, as already spotted on Figure 2d. Similar observations were regularly encountered and some representative examples are presented in Figure 5. The film covering some droplets was visible at different storage times at a x50 magnification. It can be recognized as a thick layer, not necessarily homogenous, with gaps observed on some droplets (see white arrows in Fig. 5). A logical hypothesis would be to attribute this film to the soluble elements, such as pectins and/or proteins, that could thicken the aqueous phase, and even create a gel-like network.

Considering that the water content was low, all the solubilized polymers from the orange powder could indeed act as concentrated elements. To the best of our knowledge, such findings were never reported before for the nano-scaled particles commonly used in literature for stabilizing HIPPEs, probably since most of them originated from ingredients with a higher purity level, already fractionated, while here part of the orange pomace powder was able to solubilized itself in the aqueous phase.

Impact of oil source

As a formulation perspective, based on the previous results, the studied HIPPE made from 1% of orange pomace, was extended towards a wider product space by testing the influence of several oil sources.

Indeed, all experiments were until then carried out with sunflower oil and one could wonder how robust they would be if another oil phase was to be used. The extend of refining, the presence of natural surfactants such as mono or diglycerides, the presence of polyphenols etc, could all play a role on the stability of the HIPPEs, through synergies or competitions at the oil-water interface. We thus tested four other oil sources in addition to sunflower: paraffin, olive, borage and rapeseed. The emulsions were produced in the exact same conditions regarding the other ingredients (distilled water as aqueous phase and micronized orange pomace powder as stabilizing agent), their amounts, the emulsification process and the volume of emulsion that was produced. After a 1-month storage at ambient temperature, emulsions were shot, as displayed in Figure 6. 2021) stated that "the selection of the oil type is key for the preparation of stable HIPPEs". In the present study, three oils resulted in a good result with regards to physical stability: sunflower as expected, rapeseed and paraffin. On the contrary, olive and borage oils led to unstable emulsions, with a visual phase separation between the bottom of the bottles (emulsified or precipitated phase) and the upper part (oil). We characterized the size distribution and rheological properties of the 3 emulsions made with sunflower, rapeseed and paraffin oils, as can be seen in Figure 7. The properties of emulsions made with olive and borage oils were not measured as they were visually destabilized within 15 minutes after emulsification. The oil droplet size was smaller in the emulsions made with paraffin oil (P), with a median diameter of 120 µm against 150-155 µm for emulsions made with sunflower (SF) and rapeseed oil (R). The flow properties were also very close for SF and R emulsions, as for all rheological properties. P emulsions stood out with a lower viscosity profile, a 2.5 times smaller elastic modulus (plateau value at 1 Hz) and 3.5 times smaller yield stress value, in comparison to SF and R emulsions. Several hypotheses could explain the different behaviors of 1) O and B oils vs SF, R and P and 2) P oil vs SF and R: physical properties such as polarity, viscosity and surface tension of the oils, and/or chemical composition such as fatty acid profile, acidity, amounts of mono/diglycerides and unsaponifiable components (tocopherols for example) etc. We characterized the density, viscosity, contact angle and surface tension of the five oils, as summarized in Figure 8. As could be expected, P was the most different oil, displaying the lowest density and viscosity and the highest surface tension compared to the vegetal oils. This could contribute to the lower viscosity and gel strength of the P emulsions as reported in Figure 7. A less viscous oil would also be consistent with the smaller oil droplet size measured in the emulsions, considering that the emulsifying process was led in the same conditions for the five oils (time, temperature, speed and total volume). On the other hand, [START_REF] Hu | Functional nanoparticle-decorated graphene oxide sheets as stabilizers for Pickering high internal phase emulsions and graphene oxide based foam monoliths[END_REF] hypothesized than a more viscous oil could benefit to the formation of concentrated emulsion, by preventing the diffusion of oil between neighboring emulsion droplets. However, these differences did not prevent reaching a good physical stability of the emulsions made with paraffin oil.

O and B oils did not show any specific trend based on density and viscosity parameters, only their lower surface tension could thus explain why the corresponding HIPPEs were unstable. However, a lower surface tension should contribute to a better stability. Unless it is traduced as a stronger competition with the solid particles at the interface when both soluble and insoluble fractions of the orange powder are present. This could be due to small surfactants or macromolecules that could compete for the interface during the emulsifying process with the solid particles. They could then delay or even prevent their anchoring at the interface, not allowing a proper stabilization of the oil droplets and leading to the phase separation displayed in Figure 6. Compared to SF and R oils, O and B displayed the fastest surface tension decrease with time (and the lowest initial surface tension value in the case of B). The surface tension values after 1h as well as the end of the experiment were thus lower for olive and borage oils in comparison to sunflower and rapeseed, as can be seen on Figure 8d. These differences could be attributed either to a higher amount of native small surfactants such as mono and diglycerides inside olive and borage oils, which could lower the surface tension at the oil-water interface faster than in sunflower and rapeseed oils. An explanation could be the level of refining of the oils (SF and R were more refined than O and B oils. A fine chemical characterization would be interesting to perform in order to search for these molecules or other component that could prevent the good completion of interfacial stabilization. However, this will represent a study on its own.

A common approach with varying the oil phase sources can scarcely be found in literature, as can be seen for example from Bago Rdroguez et al. ( 2021) review article. Among the 55 reported references studying HIPPEs, only 11 used food grade oils such as soy, soybean, sunflower or corn oil. Nevertheless, none of them varied the oil source within the same article. We were able to find out two research studies where the impact of the oil phase was investigated, with oil sources relevant to food applications. The first one was carried out for formulation of HIPPE based on meat protein particles ranging from 8 to 11 µm (Li et al., 2020). They compared corn, sunflower, soybean, olive oil and n-hexane, over a 2-month storage, with n-hexane being the most different one. They concluded in probable different structures formed at the interface depending on the chosen dispersed phase, without offering hypotheses on which differences could be predominant. The second reference reported the preparation of HIPPEs with peanut-protein-isolate microgel particles stabilizing both soybean oil or n-hexane [START_REF] Jiao | High-Internal-Phase Pickering Emulsions Stabilized Solely by Peanut-Protein-Isolate Microgel Particles with Multiple Potential Applications[END_REF].

However here again, no hypothesis is discussed about the common points and differences of both systems, which were mainly characterized by multi-scale microscopy techniques. Our hypothesis about the oil impact relies on some previous work from our research group, showing that competition for the oil-water [START_REF] Mezdour | Oil/water surface rheological properties of hydroxypropyl cellulose (HPC) alone and mixed with lecithin: Contribution to emulsion stability[END_REF] interface can occur when polymers and surfactants are mixed together.

Considering edible oils can be more or less refined, still containing small molecules with surface-active properties such as mono and diglyceride, as well as polyphenols, these could compete for the interfae with the solid particles. Another example of synergy this time was shown between lysozyme and dihydromyricetin for HIPPE formulation [START_REF] Geng | Fabrication of food-grade Pickering high internal phase emulsions (HIPEs) stabilized by a dihydromyricetin and lysozyme mixture[END_REF].

Conclusion

The present study is introducing a new type of High Internal Phase Pickering Emulsion (HIPPE), only stabilized by a food by-product powder, i.e. micronized orange pomace, obtained from orange juice production. Our hypothesis was that that its insoluble part shall stabilize the emulsions through Pickering mechanism, while the soluble part, mainly pectins, shall viscosify the aqueous phase, leading to an additional stability. The emulsions were stable against coalescence during a 2-month storage at ambient temperature, even though the average droplet size was high (150 µm). They were also rheologically stable regarding both their flow and viscoelastic properties. However, the robustness of this proof of concept was challenged by the oil type: sunflower, rapeseed and paraffin oils led to stable emulsions, while olive and borage oils led to unstable ones.

The main originalities of the present study are: 1) the formulation of HIPPEs with a microscale and uncracked vegetal by-product; 2) the fast and simple one-step emulsification process involving only a rotor-stator device and carried out at ambient temperature; 3) the simple formulation allowing a wide range of potential applications. It shall be noted that HIPPEs are becoming a widely investigated research topic. They could be applied for food applications due their interesting functional properties, for example in mayonnaise [START_REF] Liu | Wheat gluten-stabilized high internal phase emulsions as mayonnaise replacers[END_REF], or for 3D printing (Li et al., 2020;[START_REF] Wan | High internal phase Pickering emulsions stabilized by co-assembled rice proteins and carboxymethyl cellulose for food-grade 3D printing[END_REF]. As a consequence, after inorganic particles, the literature is currently focused on particles made out of proteins or protein-polysaccharide complexes [START_REF] Abdullah | A review of recent progress on high internalphase Pickering emulsions in food science[END_REF][START_REF] Gao | Review of recent advances in the preparation, properties, and applications of high internal phase emulsions[END_REF], towards edible and more biosourced particles. Meanwhile, the fabrication of polysaccharide-and protein-based particles, requires in most (if not all) cases several process steps, combined to pH change, solvents, heat etc [START_REF] Shi | Pickering and high internal phase Pickering emulsions stabilized by protein-based particles: A review of synthesis, application and prospective[END_REF][START_REF] Rodriguez | High internal phase Pickering emulsions[END_REF][START_REF] Wang | Plant-based high internal phase emulsions stabilized by dual protein nanostructures with heat and freeze-thaw tolerance[END_REF]. Moreover, most particles came out as nanoscaled (nanocrystals, nanofibrils, nanoparticles…), as summarized for example by [START_REF] Abdullah | A review of recent progress on high internalphase Pickering emulsions in food science[END_REF], ranging from a few nm to 800 nm size. The authors also enlightened that the particle size is widely spherical or globular, sometimes rod-like, since among the 30 publications examined in this review, only 3 studies investigated "irregular particles" (starch or ovalnumin+carboxymethyl cellulose complexes), 1 "elongated particles" (chitin nanocrystals) and 1 "needle-like particles" (BSA + cellulose nanocrystals). As a consequence, the two specifications "microscale" and "uncracked" are key elements for characterizing the originality of the particles reported in the present research for HIPPE formulation.

Figure 1 :

 1 Figure 1 : Evolution of ta) he particle size distribution of 80/20/1 emulsions stored at ambient temperature during 2 months and b) the average diameter of the oil droplets from Day0 to Day60 of storage
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 2 Figure 2 : Light microscopy images taken from HIPPE formula stored over 1 month at ambient temperature, a) b) with and c) d) without cover-slip, at x10 (a, c -scale bar 500 µm) and x50 (b, d -scale bar 100 µm) magnifications.
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 3 Figure 3 : Light microscopy images taken from HIPPE formula stored 1 day (a, c) and 2 months (d, d) at ambient temperature, at x10 (a, b -scale bar 500 µm) and x50 (c, d -scale bar 100 µm) magnifications.
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 4 Figure 4 : Confocal microscopy images taken from HIPPE formula stored 2 months at ambient temperature, with cellulosic particles appearing in purple: (a) at x10 magnification and b) x40 magnification.
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 5 Figure 5 : Light microscopy images taken from 80/20/1 formula stored 1 day (a, b), 1 month (c) and 2 months (d) at ambient temperature, x50 magnification (scale bar 100 µm).
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 6 Figure 6: Emulsions made with different oil phases after a 1-month storage at ambient temperature. P = paraffin; O = olive; B = borage; SF = sunflower; R = rapeseed

Figure 7 :

 7 Figure 7: Characterization of a) the size distribution of the oil droplets, b) the flow properties, c) the elastic modulus and d) the yield stress of HIPPEs made from sunflower (SF), rapeseed (R) and paraffin (P) oils after 13 or 15 days of storage at ambient temperature.

Figure 8 :

 8 Figure 8: Physicochemical characterization of the five tested oils. a) density, b) viscosity at 25°C and 50 s -1 , c) surface tension monitoring with a rising oil drop in orange powder supernatant at 25°C and d) surface tension after 1h. Oil codes: SF = sunflower; R = rapeseed; O = olive; P = paraffin; B = borage.

Table 1 : Summary of the rheological indicators measured from dynamic regime and flow curves
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