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FORMATION AND STABILIZATION OF MULTIPLE WATER-IN-WATER-IN-WATER (W/W/W) EMULSIONS 

The main objectives are finding a 

simple, cheap and scalable 

method for the preparation of 

water-in-water-in-water multiple 

(W/W/W) emulsions, without oil 

and without surfactant.  
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 Water-in-water-in-water (W/W/W) multiple emulsions have been obtained, without oil and without surfactant.  

 These W/W/W emulsions have been prepared by a method  based on a phase transition. Reducing temperature of G/M simple emulsions.  

 Stability of W/W/W emulsions can be greatly increased by addition of particles able to adsorp on interfaces. 
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6. Stabilization of multiple emulsions with mucin microparticles 

1. Phase behavior 

Fig. 3. Phase diagrams of gelatin and maltodextrin aqueous mixtures, at 50°C constant temperature. (a) Phase 
diagram at pH≈5; and (b) Phase diagram in presence of 3.3 wt% acetic acid. (L): One liquid homogeneous 
phase; (L+S): a liquid phase in presence of a solid precipitate; (L1+L2+S): Two equilibrium liquid phases 
coexisting with a solid phase. 

Fig. 1. Example of an aqueous biphasic 
system, with gelatin and maltodextrin. 

Solubility of maltodextrin in the gelatin phase depends on temperature. Maltodextrin 
becomes less soluble at lower temperatures. This is illustrated in the phase diagrams of Fig. 7.  

Fig. 5. Scheme of formation of  gelatin/maltodextrin/gelatin multiple emulsions, by first  preparing a gelatin-in-maltodextrin (G/M) 
emulsion, which is later cooled down, forming  inner maltodextrin droplets, and finally obtaining M/G/M multiple emulsion droplets. 

Fig. 10. Confocal microscopy images of M/G/M multiple emulsions. (a) 4 wt% gelatin, 13 wt% 
fIuorescein-labelled maltodextrin with 1 wt% rhodamine-labelled mucin; (b) 3D software-
assisted reconstruction.  

Multiple W/W/W emulsions, 
without any stabilizer, are quite 
unstable and show phase 
separation.  

Fig. 4. Fluorescence optical microscopy of emulsions obtained after reaching pH=5 by addition of NaOH. The 
green regions indicate FITC-labelled maltodextrin, and the dark regions indicate gelatin. (a) gelatin-in-
maltodextrin (G/M) emulsion, prepared at 4 wt% gelatin and 20 wt% maltodextrin; (b) Unstable bicontinuous 
emulsion with 5 wt% gelatin and 12 wt% maltodextrin; and (c) maltodextrin-in-gelatin (M/G) emulsion that 
contains 12 wt% gelatin and 5 wt% maltodextrin. 

Fig. 7. Phase boundary (binodal line). 
The black circle indicates the 4wt%G 
/13wt%M composition, which is used 
to obtain multiple emulsions. 

Gelatin (protein) 

The authors greatly acknowledge the financial support from the Spanish Ministry of Economy and 
Competitiveness (CTQ2017-84998-P and CTQ2016-80645-R projects) and Marie Sklodowska Curie Initial 
Training Networks (FP7-PEOPLE-2013-ITN, BIBAFOODS project). In addition, authors acknowledge support from 
Generalitat de Catalunya (2017SGR1778) and Centro de Investigación Biomédica en Red de Bioingeniería, 
Biomateriales y Nanomedicina (CIBER-BBN).  

Water-in-water (W/W) emulsions are 

liquid/liquid dispersions of two immiscible 

aqueous phases, in absence of both oil and 

surfactant. These emulsions are formed in 

aqueous mixtures of two hydrophilic polymers, 

when segregative phase separation is induced by 

thermodynamic incompatibility between the 
two polymers [1-4].  

Fig. 2. Example of a gelatin-in-maltodextrin 
emulsion. Gelatin was labelled with fluorescein. 
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Fig. 9. Observation with flourescein-
labelled maltodextrin. 

Mucin microparticles strongly adsorp on gelatin/maltodextrin interfaces 
(Fig. 10), providing colloidal stability (Fig. 11) to M/G/M multiple emulsions. 
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5. Study of the formation of inner maltodextrin droplets, inside 
gelatin drops, by decreasing temperature 

2. Formation of simple emulsions by increasing pH 
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Fig. 8. Formation of inner droplets, inside gelatin drops, by cooling 
down from 50 to 20°C. 
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3. Formation of multiple maltodextrin-in-gelatin-in-maltodextrin (M/G/M) emulsions 
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4. Stability of M/G/M multiple emulsions 

Fig. 6. Separation after three hours at 37°C. Maltodextrin is labeled with fluorescein 
(seen as green). 
  

Maltodextrin forms a segregated phase by cooling down from 50 to 20°C, producing small 
droplets inside gelatin drops, as shown in Fig. 8.  

Fig.  11. Visual aspect  and microscope observations , as a function of 
mucin concentration. Good stabilization is achieved with 1 wt% mucin. 
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