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Hypothesis

Water in water (W/W) emulsions are formed by mixing aqueous solutions of incompatible polymers.

It is possible to add a third polymer solution that forms at the right conditions a phase that completely covers the dispersed droplets as a thin layer. Our hypothesis is that by gelling the third phase, W/W emulsions can be stabilized and that microcapsules can be formed that are stable against dilution. Experiments W/W emulsions were formed by mixing aqueous solutions of poly(ethylene oxide) (PEO) and dextran.

Gelatin was added to form the third phase, gelation of which was induced by cooling. The morphology was observed by microscopy, and the rheological properties were investigated.

Findings

The compatibility of gelatin and PEO can be fine-tuned by the pH such that a continuous layer of the gelatin phase forms around the droplets of the dextran phase, with a thickness that can be varied.

After cooling, the gelatin layer forms a gel and provides stabilization against coalescence. The gelatin microcapsule was found to be stable to dilution. The generality of the method was demonstrated by applying it to another, fully food-grade, W/W emulsion formed by mixing amylopectin and xyloglucan.

Introduction

When two aqueous solutions of incompatible polymers are mixed, a water in water (W/W) emulsion is formed with the minority phase dispersed in the form of droplets in a continuous medium of the majority phase [START_REF] Frith | Mixed biopolymer aqueous solutions -phase behaviour and rheology[END_REF]. When more than two types of incompatible polymers are mixed, droplets of different phases are dispersed in the continuous phase. In this manner water in water in water (W/W/W) emulsions can be formed. W/W/W emulsions have been little investigated so far.

Song et al. [START_REF] Song | Monodisperse w/w/w double emulsion induced by phase separation[END_REF][START_REF] Song | All-aqueous multiphase microfluidics[END_REF] used microfluidics to form an A/B/A emulsion consisting of droplets of a phase rich in dextran (DEX) dispersed in a continuous phase rich in poly(ethylene oxide) (PEO) with smaller droplets of the PEO phase within the DEX droplets. A different method, not involving microfluidics, was used by Beldegrun et al. [START_REF] Beldengrün | Formation and stabilization of multiple water-in-water-in-water (W/W/W) emulsions[END_REF] to produce A/B/A emulsions consisting of droplets of a phase rich in gelatin (GEL) dispersed in a continuous phase rich in maltodextrin with smaller droplets of the maltodextrin phase within the GEL droplets.

Very recently, Nicolai et al. [START_REF] Rowlinson | Molecular theory of capillarity[END_REF] reported an investigation of A/B/C emulsions prepared by simply mixing three different incompatible macromolecules forming the three phases. They showed that droplets of phases A and B in a continuous phase C may spontaneously stick to each other. This happens if none of the interfacial tensions of the three interfaces ( AB ,  AC ,  BC ) is larger than the sum of the interfacial tensions of the other two interfaces [START_REF] Rowlinson | Molecular theory of capillarity[END_REF]. When one interfacial tension is larger than the sum of the other two, the two phases with the largest interfacial tension will be separated by the third phase. The angle () that each phase makes with the other two phases depends on the relative interfacial tensions:

If the interfacial tension between two phases is known, that between the other phases can be determined by measuring the angles. In this manner, Nicolai et al. [START_REF] Nicolai | Effect of the Interfacial Tension on Droplet Association in Aqueous Multiphase Systems[END_REF] determined the interfacial tension between 14 different pairs of aqueous polymer phases with respect to that between DEX and PEO.

Obviously, droplets of the same phase coalesce as soon as they collide. Therefore, aqueous multiphase systems are unstable and eventually, macroscopic phase separation occurs. Molecular surfactants cannot be used to stabilize W/W emulsions, because they cannot effectively span the width of the W/W interface, which is determined by the correlation length of the polymer solutions, i.e., several nm. In addition, the interfacial tension of W/W interfaces, which drives the adsorption, is much lower than that of the oil/water interface [START_REF] Hans Tromp | Composition, concentration and charge profiles of water-water interfaces[END_REF][START_REF] Scholten | Interfacial tension of a decomposed biopolymer mixture[END_REF]. However, it has been shown that W/W emulsions can be stabilized by adding particles [START_REF] Nicolai | Particle stabilized water in water emulsions[END_REF][START_REF] Esquena | Water-in-water (W/W) emulsions[END_REF][START_REF] Dickinson | Particle-based stabilization of water-in-water emulsions containing mixed biopolymers[END_REF] or some types of linear polyelectrolytes [START_REF] Tea | Stabilization of Water-In-Water Emulsions by Linear Homo-Polyelectrolytes[END_REF][START_REF] Meng | Utilization of xanthan to stabilize water in water emulsions and modulate their viscosity[END_REF] that spontaneously adsorb at the interface forming a layer that inhibits coalescence. It was shown that aqueous multiphase systems can also be stabilized in this manner [START_REF] Nicolai | Effect of the Interfacial Tension on Droplet Association in Aqueous Multiphase Systems[END_REF]. The difficulty with this method is, however, that it is still unclear what properties the particles should have to stabilize a particular W/W emulsion, as it was found that it is not enough that the particles adsorb at the interface. It appears that a certain amount of interaction between the particles at the interface is also required [START_REF] Machado | Effect of adding a third polysaccharide on the adsorption of protein microgels at the interface of polysaccharide-based water in water emulsions[END_REF][START_REF] Machado | Stabilization of amylopectinpullulan water in water emulsions by Interacting protein particles[END_REF]. Furthermore, stabilization becomes very difficult with dilution closer to the binodal where the interfacial tension goes to zero.

Here we propose a different method to stabilize W/W emulsions by adding a small amount of a third phase B. If the conditions are such that  AC >  AB + BC , phase B surrounds the dispersed droplets of phase A, separating them from the continuous phase (C). Coalescence of droplets can be inhibited by subsequently gelling the layer of phase B. Of course, once the layer has gelled, there is no longer a need for the interfacial tension between the phases, and the layer will persist even after dilution below the binodal. Therefore, this method provides the means to form stable microcapsules of phase B within a fully aqueous system. This cannot be done with W/W emulsions stabilized by particles as the particles simply redisperse below the binodal. The method to form stable microcapsules reported in the literature involved using oil in water emulsions [START_REF] Lazko | Soy glycinin microcapsules by simple coacervation method[END_REF][START_REF] Jaganathan | Protein microcapsules: preparation and applications[END_REF]. The advantage of using W/W emulsions is that the oil phase does not need to be removed, which may be difficult. In addition, water-soluble ingredients can be easily encapsulated using W/W emulsions.

We have investigated the feasibility of our new approach using a model W/W emulsion formed by mixing DEX and PEO in which the DEX phase is dispersed as droplets. GEL was added to form the third phase, because GEL solutions are liquid at temperatures above 30 °C and quickly jellify when cooled to 10 °C. The generality of the method was tested by investigating the fully food-grade W/W emulsion formed by mixing the polysaccharides amylopectin and xyloglucan in the presence of gelatin.

Materials and Methods

Materials

PEO (M w = 2.0 × 10 5 g.mol -1 ), dextran (M w = 1.6 × 10 5 g.mol -1 ), gelatin from bovine skins (Type B, 225 g Bloom), gelatin from cold water fish skin (M w = 4.4 × 10 5 g.mol -1 ), amylopectin (AMP) from maize (M w = 1.0 × 10 8 g.mol -1 ), the fluorescent dye rhodamine B and dextran labelled with fluorescein isothiocyanate (FITC-DEX) were all purchased from Sigma-Aldrich. Xyloglucan (XYL) with M w = 1.0 × 10 6 g.mol -1 was kindly provided by DSP Gokyo Food & Chemical co. The amylopectin was purified according to a protocol provided in the literature [START_REF] Bello-Pérez | Macromolecular Features of Starches Determined by Aqueous High-performance Size Exclusion Chromatography[END_REF]. Stock solutions of Dex, PEO, Gel, AMP and XYL were prepared with ultrapure water (MilliQ) at 30, 15, 20, 15 and 2 wt%, respectively. The PEO powder contained a very small weight fraction of silica particles that were removed by centrifugation at 5 × 10 4 g for 4.5 h. GEL was solubilized at 80 °C. The XYL solution was centrifuged at 5 × 10 4 g for 30 min to remove insoluble particulates. The pH of the solutions was measured using a pH meter and adjusted by dropwise addition of HCl or NaOH at 0.1 or 1 mol.L -1 .

Methods

Emulsions were prepared by mixing the stock solutions in the required amounts at 40 °C using a vortex stirrer. The morphology and behavior of the emulsions did not depend on the order of mixing nor on the duration and speed of stirring.

The concentration of GEL in each phase was determined after macroscopic phase separation by measuring the absorption of UV light at a wavelength of 275 nm using a UV-light spectrometer (Jasco PAC-743). The extinction coefficient of GEL was determined by measuring a range of known concentrations and was found to be 0.102 g -1 •L•cm -1 .

Confocal laser scanning microscopy (CLSM) measurements were done at 20 °C with a Zeiss LSM800 CLSM microscope (Carl Zeiss Microscopy GmbH, Germany) utilizing two different water immersion objectives: HC × PL APO 63× (NA = 1.2) and a HC × PL APO 25× (NA = 0.7). The samples were loaded into acrylic wells microplates and labeled by adding 5 ppm of rhodamine B, which was excited at 561 nm. The rhodamine B partitioned strongly to the GEL phase in mixtures with PEO and DEX with the excess partitioning preferentially to the PEO phase. In a few cases, a small amount of FITC-DEX was added in order to measure the release of DEX after dilution. ImageJ software was used to process the images. Shear measurements were done using a stress-controlled rheometer (ARG2, TA instruments) with a cone and plate geometry (radius 40 mm, angle 2°, gap 56 mm). Gelation of aqueous GEL solutions was monitored during cooling and subsequent heating ramps between 10 and 60 °C at 0.5 °C.min -1 at an oscillation frequency of f = 1 Hz. The applied deformation (10 % or 1 %) was chosen within the linear response regime. The gelation kinetics were studied by measuring the storage (G' ) and loss (G") moduli as a function of time at 10 °C. Gelation of the emulsions was investigated at 10 °C and 20 °C at f = 0.1 Hz.

Results and discussion

Morphology of emulsions in the presence of fish gelatin

Gelatin from cold water fish skin does not form a gel in aqueous solution at room temperature, making it easier to study the morphology of the emulsions with liquid PEO, DEX and Gel phases. Mixtures of 10 wt% PEO, 2.6 wt% DEX and 4 wt% GEL phase separated into PEO, DEX and Gel rich phases with volume fractions of 80 %, 10 %, and 10 %, respectively. The angles () that each phase made with the two other phases were determined in the same manner as explained elsewhere [START_REF] Nicolai | Effect of the Interfacial Tension on Droplet Association in Aqueous Multiphase Systems[END_REF] and are plotted as a function of the pH in Fig. 2. They were approximately constant between pH 5 and pH 9, but  increased sharply to 180° for the PEO and DEX phases at low and high pH and decreased sharply to 0° for the GEL phase. This pH dependence can be understood by the fact that the GEL and PEO phases started to mix at low and high pH, which strongly reduced the interfacial tension between GEL and PEO ( GP ). In a narrow pH range,  GP was sufficiently small so that  DP >  GD +  GP , which is the condition that is required to form a continuous layer of the GEL phase around the droplets of the DEX phase. The relationship between the charge density of GEL and the pH was determined by titrating a neat GEL solution with NaOH or HCl. A strong pH dependence on the amount of added HCl or NaOH was observed between pH 5 and pH 9 with a weaker dependence at lower and higher pH. The inflection point was situated at pH  7, which we consider to be the pH at which the net charge of the GEL is close to zero. In this manner, the number of charges per gram gelatin at each pH could be calculated from the amount of HCl or NaOH per gram gelatin that was needed to reach this pH neglecting the tiny amount needed to change the pH itself. Fig. 3 shows the number of charged groups per gram GEL as a function of the pH, which was found to be the same for fish GEL and bovine GEL within the experimental error. The effect of the pH on the phase volumes was investigated by centrifuging at 30 g until complete phase separation. The relative phase volume of the DEX phase did not depend significantly on the pH, but the GEL phase volume decreased below pH 6 and above pH 9, see Fig. S1 of the supplementary information. This observation shows that GEL dissolved into the PEO continuous phase at high and low pH, with only a small quantity going into the DEX phase.

Stabilization by gelation of the gelatin layer

Morphology of emulsions with bovine gelatin

Emulsions with bovine gelatin were prepared in the same manner as with fish gelatin, but at 40 °C to keep the GEL phase liquid. CLSM images were obtained immediately after mixing while the temperature rapidly decreased to 20 °C. The effect of the pH on the morphology of the emulsions with bovine GEL was similar to that observed with fish GEL discussed above, see Fig. S2 of the supplementary information. However, continuous GEL layers were formed with bovine GEL close to pH 3.8 and pH 10 compared with pH 4 and pH 11 for fish GEL. The difference may be due to differences in the composition and molar mass of the two types of GEL. When the emulsion at pH 10 was diluted, the GEL dissolved in the PEO phase. However, a continuous GEL layer was formed again when the pH was slightly reduced. This is illustrated in Fig. 4 which shows CLSM images of emulsions that were diluted by a factor (D) 1.5, 2 and 3. After dilution at D = 3, the volume fractions of both the DEX and GEL phases became small and it was impossible to form a continuous layer of GEL around the DEX droplets. The thickness of the GEL layer could be varied by varying the amount of GEL while keeping the concentrations of PEO and DEX the same, see Fig. 5. As might be expected, the thickness of the GEL layer increased with increasing GEL concentration. However, large GEL droplets containing several DEX domains were observed at higher GEL concentrations. 

Stabilization by gelation of the bovine GEL layer

It is well known that aqueous solutions of bovine GEL form gels when cooled and become liquid again when heated [START_REF] Djabourov | Gelation of aqueous gelatin solutions. I. Structural investigation[END_REF]. This is illustrated in Fig. S3a of the supplementary information that shows the shear moduli of an aqueous GEL solution at 15 wt% as a function of the temperature during cooling and heating at pH 7. Similar results were obtained at other pH values. The gel and melt temperatures were defined as the temperature at which G' and G" crossed during cooling and subsequent heating. They were found to be approximately 22 °C and 30 °C, respectively, with very little dependence on the pH in the range 3 -10, see in Fig. S3b of the supplementary information. The gelation rate at 10 °C was studied by measuring the moduli as a function of time after rapidly reducing the temperature from 50 °C to 10 °C, see S4a of the supplementary Information. Gels were formed very rapidly, and subsequently, G' continued to increase slowly. G'  10 4 Pa after 10 min at 10 °C without a systematic dependence on the pH, see fig. S4b of the supplementary information.

The concentration dependence of G' measured after 10 min at 10 °C is shown in Fig. 6. G' increases sharply starting at C  1 wt% and increases more slowly for C > 5 wt%. Trials showed that gels were also formed at temperatures up to 25 °C, but the kinetics became increasingly slow with increasing temperature.

Fig. 6 Concentration dependence of the storage modulus of gels formed by bovine GEL solutions after 10 min at 10 °C. The solid line is a guide to the eye.

It is clear that the GEL layer covering the DEX droplets rapidly jellifies after cooling to 10°C.

Emulsions that had been cooled for 1 h in a refrigerator at 8 -9 °C were found to be stable for at least one week at 20 °C except the one at D = 3, in which case large DEX domains were formed together with aggregates of deformed GEL layers, see Fig. 4.

Dynamic mechanical properties

Not all GEL was situated in the layer as a significant fraction of the GEL remained dissolved in the PEO phase (Fig. S1). The concentration of GEL in the PEO phase was determined by measuring the UV light absorption after macroscopic phase separation. It was found to be 2.2, 1.6 and 1.2 wt% for D = 1, 1.5 and 2, respectively, which corresponded to about 55% of the GEL in the system. The presence of this relatively large fraction of the GEL in the PEO phase can be explained by the molar mass dispersity of the GEL with the smaller GEL chains remaining solubilized in the PEO phase. The residual GEL in the continuous PEO phase caused the emulsions to form weak gels at 10 °C, see Fig. S5 of the supplementary information, with the dispersed droplets trapped in the GEL network, which inhibited their sedimentation.

The weak GEL network could be easily broken by applying a shear force resulting in a viscous liquid. Fig. 7 shows the viscosity as a function of the shear rate of the emulsions at 10 °C. first increase of the shear rate, the GEL network is broken, which explains the maximum of the apparent viscosity at low shear rates. Repeated shear ramps did not show this maximum, because the network does not recover rapidly at 20 °C. As might be expected, the dynamic viscosity decreased when the system was diluted so that the continuous phase contained less GEL and PEO. A more detailed investigation of the shear rate dependence of the viscosity of W/W emulsions is beyond the scope of the present paper, but it has been addressed elsewhere [START_REF] Tea | Viscosity and Morphology of Water-in-Water Emulsions: The Effect of Different Biopolymer Stabilizers[END_REF]. The GEL layer was found to be quite resistant to shear, as the droplets were hardly deformed and remained well covered with the GEL layer. After stirring the emulsions with a magnetic stirrer at rates up to 1000 rmp the GEL layer resisted showing only small deformations at the highest stirring rates. 

Dilution after cooling

Emulsions prepared at dilution factor D = 1.5, i.e., containing 7.2 wt% PEO, 1.3 wt% DEX and 2.6 wt% GEL, were cooled in the refrigerator for 1 h. They were subsequently diluted at 20 °C with MilliQ water and homogenized by stirring at 200 rmp during 30 s. The effect of dilution on the morphology is shown in Fig. 8. The difference between preparing the emulsions at different dilution factors and diluting after cooling is striking. Emulsions prepared at D = 3 did not form a continuous GEL layer (see Fig. 4), but the GEL layer resisted when the dilution was done after cooling. In fact, the GEL layer resisted even after dilution by a factor 6, i.e., when DEX and PEO no longer phase separated. No coalescence was observed, but in a few instances droplets associated without the GEL layer being broken. The droplets appeared to swell after dilution, and the GEL layer became thicker, which we attribute to the decreased osmotic pressure of the PEO phase after dilution. The diluted emulsions were stable for a period of at least one week, but slow sedimentation of droplets occurred, indicating that the residual GEL in the continuous phase was no longer capable of forming a network that could trap the droplets. As was mentioned above, DEX is miscible with PEO at D = 6 [START_REF] Gonzalez-Jordan | Influence of the Protein Particle Morphology and Partitioning on the Behavior of Particle-Stabilized Water-in-Water Emulsions[END_REF]. In order to check whether the DEX remained trapped in the droplets, a small amount of fluorescently labeled FITC-DEX was added with the same molar mass. Fig. 8 shows that DEX could escape through the GEL layer and become homogeneously dispersed after one day. More detailed observations as a function of time showed that complete release of DEX took several hours, see Fig. S6 of the supplementary information.

D = 2 D = 3 D = 6

Discussion

The method to stabilize W/W emulsions and form stable capsules was demonstrated here for a particular system for which we exploited the fact that the GEL phase forms a gel upon cooling.

Emulsions with a continuous GEL layer surrounding the dispersed droplets could only be formed close to pH 4 and pH 10. However, once the emulsions formed at pH 10 were stabilized by cooling, the pH could be lowered by adding dropwise a concentrated solution of HCl while stirring. Emulsions at pH 7 were also found to be stable during at least one week, and the GEL microcapsules were also stable after dilution, see Fig. S7 of the supplementary information.

In principle, any W/W emulsion can be stabilized by GEL in this manner as long as the conditions mentioned in the Introduction are fulfilled, i.e., the interfacial tension between the dispersed phase and the continuous phase needs to be larger than the sum of the interfacial tensions with the GEL phase. To test the universality of the method, we have investigated a fully food-grade W/W emulsion formed by mixing amylopectin (AMP) and xyloglucan (XYL). Emulsions prepared by mixing 6% wt% AMP, 0.48% wt% XYL and 1.75% wt% GEL that phase separated into AMP, XYL and GEL rich phases with volume fractions of 68 %, 14 %, and 18 %, respectively. In this case, dispersed droplets of the XYL phase were covered with a layer of the GEL phase at pH  7.5. After cooling, the emulsion was stable for at least a week at 20°C and resisted dilution below the binodal of AMP and XYL, see Fig. 9. Notice that small domains of the GEL phase were also formed during cooling within the AMP and XYL phases for this system. A further example of a food-grade W/W emulsion is formed by mixing guar and amylopectin [START_REF] Chen | Water-in-water-in-water emulsions formed by cooling mixtures of guar, amylopectin and gelatin[END_REF]. However, in this case, the formation of the Gel layer was not induced by varying the pH, but by cooling at a fixed pH, inducing concomitantly phase formation of the GEL phase and its gelation.

As was mentioned in the Introduction, it has been reported that stable protein microcapsules can be formed in a similar manner using oil in water emulsions [START_REF] Lazko | Soy glycinin microcapsules by simple coacervation method[END_REF][START_REF] Jaganathan | Protein microcapsules: preparation and applications[END_REF]. In this case, the proteins form a layer at the oil/water interface that is subsequently cross-linked to form a gel. The advantage of using W/W emulsions is that the oil phase does not need to be removed, which may be difficult. In addition, water-soluble ingredients can be easily encapsulated using W/W emulsions.

Conclusion

Building on previous work [START_REF] Machado | Effect of adding a third polysaccharide on the adsorption of protein microgels at the interface of polysaccharide-based water in water emulsions[END_REF], we have shown that the association between dispersed dextran and gelatin phases in a continuous PEO phase is determined by the relative interfacial tensions between the phases and can be varied by varying the pH. Importantly, by fine-tuning the pH close to pH 4 or pH 10, a continuous gelatin layer can be formed completely covering the dextran droplets. The gelatin layer can be jellified by cooling below 25°C, making the emulsions stable against agitation and dilution. Excess gelatin in the continuous phase can form a very weak gel that inhibits sedimentation of the droplets, but the emulsion still flows easily when weak stresses are applied. The pH of the cooled emulsion can be varied by adding acid or base while stirring. The gelatin microcapsules are stable after dilution even when PEO and dextran are no longer incompatible, in which case it was found that dextran was released into the continuous medium over a period of hours.

As hypothesized, multiphase separation provides a general method to stabilize W/W emulsions by adding a third phase that covers the dispersed droplets and that can be jellified. This new method provides a versatile alternative to adding particles, which has been done so far [START_REF] Nicolai | Particle stabilized water in water emulsions[END_REF][START_REF] Esquena | Water-in-water (W/W) emulsions[END_REF][START_REF] Dickinson | Particle-based stabilization of water-in-water emulsions containing mixed biopolymers[END_REF],

and provides a better stability of W/W emulsions in particular close to the binodal. It can be applied to fully food-grade systems as we showed here for amylopectin/xyloglucan mixtures. In agreement with our second hypothesis, the method is also an alternative route to form microcapsules in fully aqueous systems without the need to remove an oil phase as is required for the methods proposed in the literature [START_REF] Lazko | Soy glycinin microcapsules by simple coacervation method[END_REF][START_REF] Jaganathan | Protein microcapsules: preparation and applications[END_REF]. GEL microcapsules dissolve when heated above 30 °C, which may be useful for certain applications. However, stability at higher temperatures can potentially be obtained by enzymatic crosslinking the GEL layer using transglutaminase. The potential of the microcapsules formed in this manner for encapsulation and controlled release will need to be studied in future work. Extension to other gel forming aqueous phases will also need further investigation. 

Fig. 1

 1 shows CLSM images of the emulsions at different pH immediately after preparation. At extreme low and high pH values (3 and 11.7), only two phases could be distinguished as GEL was dissolved into the continuous PEO phase. At intermediate pH (4.5 -10.8), droplets of GEL and DEX associated forming strings of alternating phases. Interestingly, in a small pH range close to pH 4 and pH 11, the GEL phase formed a continuous layer around the DEX droplets with a thickness of about 2 µm. The radius of the DEX droplets varied between 7 and 12 µm.

Fig. 1

 1 Fig. 1 CLSM images (128 µm x 128 µm) of emulsions formed by mixing DEX, PEO and fish GEL at different pH. The GEL, PEO and DEX phases are indicated in white, grey and black, respectively.

Fig. 2

 2 Fig. 2 Angles of the DEX (black circle), PEO (green diamond) and GEL (red square) phase as a function of the pH. Solid lines are guides to the eye.

  Fig. 3 Number of charges per gram bovine (black circles) or fish skin (red circles) GEL as a function of the pH. The solid lines are guides to the eye.

Fig. 4

 4 Fig. 4 CLSM images (128 µm x 128 µm) of DEX in PEO emulsions GEL prepared at different dilutions and pH as shown in the figure. Also shown is the evolution of the morphology with time at 20°C after the emulsions had been cooled for 1 h in a refrigerator at 8 -9°C.

Fig. 5

 5 Fig. 5 CLSM images (255 µm x 255 µm) of emulsions containing 7.2 wt% PEO, 1.7 wt % DEX and different concentrations of GEL as indicated in the figure.

Fig. 7

 7 Fig.7 Viscosity of emulsions at different dilutions, as indicated in the graph, as a function of increasing (circles) and decreasing (triangles) shear rate. Filled and open symbols represent measurements during the first and second shear ramp, respectively.

Fig. 8

 8 Fig. 8 CLSM images (128 µm x 128 µm) of emulsions prepared at D = 1.5 that were cooled in a refrigerator at 8 -9 °C and subsequently further diluted at 20 °C. The effect of aging 1 and 7 days is also shown. The red and green colors corresponded to the fluorescence signal from Rhodamine B and labeled FITC-DEX, respectively. Photographs of the samples show the slow sedimentation of the droplets for the diluted samples.

Fig. 10 .

 10 Fig. 10. CLSM images (128 µm x 128 µm) of an emulsion formed by mixing XYL, AMP and GEL one week after preparation (left) and after dilution by a factor 100 (right). For the undiluted sample, the fluorescence intensity increases in the order XYL, GEL and AMP phase. After dilution AMP and XYL mix, and the GEL phase has the strongest fluorescence.

Fig

  Fig. S3 (a) G' (circles) and G" (squares) as a function of temperature while cooling (black symbol) and 412 heating (red symbol) for aqueous beef GEL solutions at pH 7. (b) Gelation (filled symbols) and melting 413 (open symbols) temperatures of aqueous beef Gel solutions at different pH 414

Fresh

  Fig.S6CLSM images (128 µm x 128 µm) of an emulsion prepared at D = 1.5 that was cooled in a refrigerator at 8 -9 °C as a function of time after dilution at 20 °C to D = 6. The red and green colors corresponded to the fluorescence signal from Rhodamine B and labeled FITC-DEX, respectively. 2.5 h after dilution, big droplets still contained DEX, but after 5 h, the DEX was homogenously distributed.
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