


Abstract No 318 

Titre / Title :  
Nano-Emulsification of triglyceride oils by mean of a inversion method 

Auteurs / Authors : 

 
Catégories / Categories 

Nom Etablissement Pays
FORGIARINI Ana (main author)  Universidad de Los Andes  Venezuela  
FORGIARINI Ana  Universidad de Los Andes  Venezuela  
MARQUEZ Laura  Universidad de Los Andes  Venezuela  
CELIS María-Teresa  niversidad de Los Andes  Venezuela  
SALAGER Jean-Louis  Universidad de Los Andes  Venezuela  

-1 End use properties 
1.1 Drug Delivery, Bioavailability, Extraction, 
 

 
Communication / Paper : 

  

 1.      Introduction 

  
Emulsions and microemulsions are important systems containing principally surfactant,oil and
water (SOW system). They are utilized in many industrial field and daily life products including
dermocosmetic creams and pharmaceuticals (1).  Emulsions are dispersed system of at least
two immiscible liquids one of the being dispersed as droplets in the other (2). Contrarily,
microemulsions are thermodinamicaly stable system that can solubilize water and oil but the
surfactant required is high (3).  

  
Taking into account the importance to produce stable (or kinetically stable) systems with low
surfactant concentration, some investigators were interested in produce emulsions with a
droplet size lower than 0.5 mm, this system have been denominated nanoemulsions,
miniemulsions or submicron emulsion (4). Nanoemulsions can be attained by mechanical
devices or by physicochemical methods, particularly by transitional inversion which can be
carried out by changing not only temperature, PIT method (5), but any other formulation
variables likely to alter the hydrophilic-lipophilic deviation (HLD) of the system with respect to
optimum formulation, e. g., the salinity of the aqueous phase, the surfactant or surfactant
mixture hydrophilicity or the cosurfactant type or concentration (1). When emulsification is
carried out, at constant temperature, by dilution of the oil phase containing surfactants it is
possible to attain fine droplet by phase inversion method if the liquid crystalline phase (LC) is
present during the emulsification (6). Given that the HLB of the system is well balanced in the
range of the lamellar phase (corresponding to optimum formulation), the surfactant might
dissolve large amount of oil to come across the transitional inversion required to generate fine
droplets when water is added to the system. However, to obtain O/W nanoemulsions with
triglyceride oils are more difficult than to get them with hydrocarbons oils (analogous to
microemulsions) (6-8) because hydrophilic surfactant cannot solubilize enough oil in the
surfactant phase. It is well known that certain mixtures of surfactants can provide better



performance than pure surfactant to solubilize oil (7, 8).

  
The aim of this work is to study the relation between the nonionic surfactant mixture of the
sorbitan esters type for different HLB value and explore how the molecular kind of surfactant
can affect the nano-emulsification process of paraffin and a triglyceride oil (soybean oil). 

2.      Experimental 

 2.1. Materials 

 Technical grade nonionic surfactants: sorbitan monolaurate, monoestearate and monooleate,
(referred in this work as S20, S60, and S80 respectively) and polyoxyethylene (20) sorbitan
monooleate (T80), were supplied by FLUKA.  Commercial soybean oil (ρ:.919 Kg/m3,
viscosity: 57.4 mPa s at 25ºC) was acquired from Branca, Venezuela and liquid paraffin
mineral oil (with an equivalent alkane carbon number, EACN = 13). Water was deionized, all
products were used as received. 

  
2.2. Methods 

2.2.1. Preparation of nanoemulsions. Emulsions were prepared by addition of water to a
surfactant-oil blend and stirred in a thermostat bath at 60 oC with gentle stirring. The final
emulsions are composed by 16 wt% of oil and 8 wt% of surfactant mixture. Mixtures of the
two nonionic surfactants T80/S (20, 60 or 80), were used to get an specific HLB calculated by 

HLBmixture = HLBA.XA + HLBB.XB                   (1)
 

  
where XA, and XB are the weight fraction of the surfactant present in the mixture. 

  
2.2.2. Droplet size determination. The mean droplet size and size distribution of emulsions
were measured by the laser light scattering technique using a Coulter® LS-230 Particle Size
Analyzer (measurement range 0.04-2000 m). Each sample was diluted with distilled water
until the appropriate concentration for measurement was achieved. 

  
2.2.3. Rheology. A Rheological study of lamellar liquid crystal phases, detected by optical
microscopy, was made through steady state and dynamic (stress and frequency sweeps) tests
at constant temperature. The rheometer used was a stress controlled device, model SR-5000
manufactured by Rheometric Scientifics. 

3.      Results and Discussion 

  
Figures 1 shows the emulsion droplet size of the water/T80/S/paraffin oil system, at o60. It
can be seen that the minimum droplet size is in the order of 0.3 µm independently of the
surfactant mixture used. Nevertheless, this minimum  is obtained at different HLB depending
on the type of T80/S mixtures. That is, HLB for the smalest droplet size are 10.6, 11.2 and
12.0 for T8/S80, T80/S60, T80/S20 mixtures respectively. Similar results have been reported
in system with sorbitan nonionic surfactant with similar paraffin oil (6). It has been identified a
lamellar liquid crystalline phase during the emulsification process and its rheological study
(not shown) could explain a relationship between the characteristics of this mesophase as a
function of HLB and the nanoemulsion formation. The G’’/G’ ratio (that is, the ratio of loss and
storage modules) goes through a minima when water is added to the system in which the



nanoemulsion were formed. 

  

 

Figure 1. Droplet size as a function of HLB of surfactant mixture for 
emulsions containing paraffin oil. 

  

  
Emulsifications of soybean oil with similar mixtures of nonionic surfactants (T80/S molecules)
are shown in Figure 2. It can be seen that nanoemulsions were obtained in the HLB range
between 11.5 to 13 for T80/S80 mixtures and at HLB values of 12.5 and 13 in T80/S0
systems. Nevertheless, emulsion formed with T80/S20 surfactants mixture have fine droplet
size at HLB values of 12.5 and 13, but they are not consider nanoemulsion due to their white
appearance and low stability (droplet size > 0.5 µm). 

  



 

Figure 2. Droplet size as a function of HLB of surfactant mixture for 
emulsions containing in soybean oil. 

The formation of O/W fine emulsion with triglyceride oil using transitional inversion method (or
Phase-Inversion emulsification) has not been reported yet. It has been argued that the
difficulty comes from the higher solubility of surfactant in vegetable oils compared with
paraffin oil (6). To avoid this difficulty, in this study the scan in HLB number was realized and
it was found that the HLB required to prepare nanoemulsion with soybean oil is greater that to
obtain nanoemulsion with paraffin as expected. In a mixed nonionic surfactant system, the
hydrophilic-lipophilic properties are dependent on the surfactant mixing ratio at constant
temperature and the self-organizing, like microemulsion or lamellar liquid crystal, are
determined by the interaction between surfactant, water and oil (9). Consequently, to form
the lamellar liquid crystalline phases necessary for the Phase-Inversion emulsification method
involves adjust the HLB of the nonionic surfactant. 

  

4.      Conclusions 

  

The present study illustrates that the preparation of nanoemulsion containing triglyceride oil
(soybean oil) by a transitional method, at constant temperature required a fine-tuning of HLB
values of the nonionic surfactant mixtures.  
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