
Optimization of process parameters 

Optimizing sonication amplitude and time 

An increase in amplitude from 30 to 50 % produced an exponential decrease in size (Davg) and 

PDI of the particles in both the NEs (Fig. S1a and b). Upon further increase in amplitude to 70 %, 

the decline had a minimum effect i.e., relative saturation was observed. This kind of saturation was 

also observed during the development of paraffin wax NEs (1). The lowered effect can be attributed 

to the loss of emulsifier activity due to the increase in temperature from the high collision 

frequency between the dispersed droplets (2). This is evident with the phase separation (vial inserts 

in Fig. S1a and b). At lower amplitudes (30 % and 50 %), optimal acoustic cavitation is created 

which in turn reduced the dispersion size. Relatively, more stable emulsions were formed when 

the sonication amplitude was at 50 %. 



 

Fig. S1. Optimizing the (a, b) sonication amplitude; (c, d) sonication time, (e, f) gelator 

concentration and (g, h) aqueous fraction to form stable NEs. 



At the optimal amplitude (50 %), three sonication times (5, 10 and 15 min) were tested (Fig. 

S1c and d). The Davg decreased with the increase in time to 10 min, beyond which an exponential 

increase in size was observed in both the emulsions. Creaming was noticed in all the samples when 

10 or 15 min of sonication was done (insert vials in Fig. S1c and d). Homogenization for excess 

period of time could result in creaming (3). On the other hand, PDI did not follow the similar 

pattern, although an overall increase was observed in both the emulsions. In general, it is expected 

to have narrow size distribution of the dispersed phase with increasing sonication time. Longer 

sonication times allow the droplets to pass through the disruption zone to facilitate higher 

fragmentation (2,4). However, this behavior holds true up to a certain limit of sonication time. As 

observed with amplitude, prolonged sonication times also damage the efficiency of emulsifiers (5). 

Here, both the gelator networks are thermosensitive; henceforth unstable emulsions were formed 

at higher sonication amplitude and time. Along with the higher amplitude, signs of were seen when 

50 % amplitude was applied for either 10 or 15 min. This study proves that sonication must be 

done at 50 % amplitude for 5 min to achieve stable NEs. 

Optimizing the gelator concentration 

Although 5LSt is unstable, its emulsification ability was tested along with the stable oleogels 

by incorporating 70 % w/w water. After sonication under the optimized conditions, phase 

separation was noticed in 5LSa- and 5LSt-based emulsions (Fig. S2). Though 5LSa is a stable 

oleogel, its emulsification ability happened to be poor. Lack of sufficient gelator networks and 

poor emulsification seem responsible for the instability of emulsions. Larger standard deviation in 

size and PDI of the emulsions with higher gelator concentration (15 % w/w) indicate non-uniform 

mixing (Fig. S1e and f). Observing oil syneresis upon vial inversion further confirms the poor 

homogenization in both 15LSaW70 and 15LStW70 (vial inserts in Fig. S1e and f). Higher gelator 

fraction enhanced the viscoelasticity of these emulsions; thereby droplets disruption was hindered. 

Another possible reason for the increment in particle size with 15LSaW70 and 15LStW70 would 

be that the rate of collision frequency might be higher with higher dispersion volume and thus 

coalescence rate was increased (5). In this regard, 10LSa and 10LSt oleogels were chosen to study 

the effect of water concentration during emulsification. 

 



Optimizing the aqueous fraction 

When water fraction was varied under the optimized sonication conditions (amplitude: 50 %; 

time: 5 min), stable liquid emulsions were formed at 70 and 90 % (w/w) in both the types of 

oleogels (Fig. 1b). When water fraction was low (30 and 50 % w/w), non-uniform, semi-solid 

emulsions were formed, except 10LStW50 (Fig. 1b). Colloidal stability of the emulsions is given 

in Table 2. Gel-like aggregates or clumps in emulsion gels (emulgels) can be attributed to the 

formation of aggregated particles (6). For better comparison, NEs with higher water fraction (70 

and 90 % w/w) were chosen. The particle size and PDI were found to be high in emulsions with 

higher (90 % w/w) aqueous fraction (P > 0.05) (Fig. S1g and h). The lower gelator fraction in 

10LSaW90 and 10LStW90 might have allowed droplets coalescence and resulted in larger size 

and PDI. Smaller standard deviation in samples containing 70 % (w/w) water indicate the 

occurrence of better emulsification. This study indicates that 10LSaW70 and 10LStW70 NEs are 

more stable by having better size and PDI compared to the NEs with 90 % (w/w) aqueous fraction. 

The stability of NEs was further determined by measuring ζ potential (Fig. S3). Lower ζ 

potential in 10LSaW90 and 10LStW90 confirm the presence of less amount of SAFiNs around the 

dispersed oil fraction. The increase in gelator concentration has increased the ζ potential, 

suggesting the prevalence of more gelator networks at the interface. This also indicate that gelator 

networks are stabilizing the gelled-oil dispersion by creating stearic hindrance (7). The observed 

negative charge can be attributed to lecithin. The sorbitol moiety of STS also contributed to the 

negative charge, henceforth LSt NEs showed better ζ potential. 

Based on this study, the optimized sonication and formulation condition for stable 10LSa and 

10LSt NEs is 50 % amplitude for 5 min of time in the emulsion containing 70 % (w/w) water 

fraction. 

 



 

Fig. S2. 5LSa and 5LSt oleogel-based unstable emulsions 

 

 

 

 

 

Fig. S3. ζ potential of 10LSa and 10LSt-based stable emulsions 

 

 

 



 

Fig S4. Davg, PDI and ζ-potential of concentrated and diluted NEs after six months of storage 

  



 

Fig. S5. Vials of 10LSa (top row) and 10LSt (bottom row) oleogels and the corresponding nanoemulsions 

after six months of preparation. Top row from left to right: 10LSa, 10LSaW30, 10LSaW50, 10LSaW70, 

and diluted 10LSaW70. Bottom row from left to right: 10LSt, 10LStW30, 10LStW50, 10LStW70, and 

diluted 10LStW70. The arrow indicates oil syneresis and the dotted circle shows the phase separation. 

  



 

 

Fig. S6. Quantification of oil syneresis from emulgels 

  



 

Fig. S7. Lumisizer profiles of concentrated NEs and their instability index (EII) along with the size of the 

dispersed phase 

  



 

Fig. S8. Apparent viscosity profiles of (a) 10LSa- and (b) 10LSt-based emulsions. The flow parameters 

(K, n) after fitting the data in modified power law are shown in (c) and (d). 
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