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21000, France   

A R T I C L E  I N F O   

Keywords: 
Nanoemulsions 
Triglycerides 
Vegetable oils 
Low-temperature process 
Spontaneous emulsification 
Ostwald ripening 

A B S T R A C T   

Oil-in-water nanoemulsions are used in numerous biomedical applications as delivery systems. The droplet size 
in the nanometer range and their composition were extensively developed for carrying and enhancing the ab-
sorption of lipophilic drugs and lipids of interest. In the present study, critical parameters involved in the 
spontaneous nanoemulsification process such as the temperature, the oil type, the surfactant-to-oil and water-to- 
oil ratios were investigated. The aim was to design a solvent-free procedure for the spontaneous nano-
emulsification at a low temperature of a large variety of triglycerides including vegetable oils. Nano-
emulsification of medium-chain triglyceride (MCT) was not dependent on the temperature while nanodroplets of 
long-chain triglycerides (LCT) were only obtained by reaching the cloud point of ethoxylated surfactant Kolli-
phor® HS15. The molar volume of triglycerides was considered as a predictive parameter governing both, the 
spontaneous nanoemulsification at low temperature and the Ostwald ripening rate. The physical mixture of MCT 
and LCT was a promising strategy to prepare stable and fine nanoemulsions at 37 ◦C. They were characterized by 
a hydrodynamic diameter comprised between 20 and 30 nm and a narrow size distribution. These findings pave 
the way to new applications for the parenteral nutrition and the delivery of thermosensitive drugs and lipophilic 
molecules such as antioxidants.   

1. Introduction 

Water-in-oil nanoemulsions are colloidal lipid systems characterized 
with sizes below 200 nm [1]. Preparation processes are classified ac-
cording to the energy required to reduce the size of oil droplets. 
High-energy methods including homogenizers and microfluidic devices 
generate high shear rates to expand the surface of oil droplets in water. 
Low-energy processes include phase inversion temperature methods 
(PIT) and spontaneous emulsification termed in some applications 
self-emulsifying methods. Then PIT method was first investigated by 
Shinoda et al. [2]. It consists in heating the preparation at temperatures 
above the PIT to convert an oil/water emulsion to a water/oil emulsion 
passing through a bicontinuous phase. A rapid dilution is then per-
formed, leading to the formation of nanodroplets. The mechanism is 
based on the temperature-dependent solubility of ethoxylated 

surfactants in oil and water. The PIT corresponds to an equal solubility 
of surfactant for water and oil. The spontaneous emulsification or 
self-emulsifying methods is a low-energy method, allowing the rapid 
formation of oil droplets in the nanometer range. The organic phase is 
usually composed of oil, surfactant and water-miscible solvent termed 
co-solvent such as acetone and ethanol [3]. Various mechanisms were 
suggested to explain the nanoemulsion formation after mixing of two 
immiscible phases ; (a) organic phase diffusion in water [4]; (b) sur-
factant migration from the organic phase to the oil/water interface [5]; 
(c) water transfer in the organic phase leading to the surfactant solubi-
lization and the fragmentation of the oil phase [6]. Besides the ease of 
preparation process, another advantage is the possibility to produce a 
nanoemulsion directly in the body after contact of the lipid phase with 
biologic fluids [7]. 

Nanoemulsions were widely used in biomedical applications. They 
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can deliver class II drugs according to the biopharmaceutical classifi-
cation characterized by a poor water solubility. Class IV drugs were also 
loaded in nanoemulsions due to their ability to cross epithelia such as 
the intestinal barrier [8,9]. In addition to the size in the nanometer 
range, drug absorption is promoted by the presence of surfactants which 
can modulate the efflux transporters [10]. Antioxidant agents including 
curcumin, α-tocopherol, and polyunsaturated lipids were loaded in 
nanoemulsions [11]. Nanoemulsions composed of lipid mixtures were 
also developed for the parenteral nutrition. Within them, Lipidem® is 
composed of medium chain triglycerides (MCT), omega 3 poly-
unsaturated fatty acids and soybean triglycerides [12]. 

Despite the extensive studies dedicated to nanoemulsions, their 
development faced numerous problems. Firstly, high temperatures 
required for the PIT method [13] or resulting from the mechanical en-
ergy dissipation in high-energy processes can alter the chemical stability 
of drugs and lipophilic molecules such as antioxidants. Secondly, large 
quantities of co-solvents such as acetone and ethanol are often necessary 
to reduce the size of oil droplets in spontaneous emulsification methods 
[3]. They can be responsible for adverse effects, especially in in situ 
emulsification strategies such as oral lipid-based delivery systems where 
they cannot be removed [14]. In addition, co-solvent diffusion in water 
can trigger drug precipitation [7]. Third, the choice of excipients, and 
especially oils and surfactants, is often limited in low-energy processes 
[4], reducing the applications of nanoemulsions to lipid and drug de-
livery systems [15,16]. The last point concerns the long-term stability of 
nanoemulsions that represents a real challenge. The Ostwald ripening 
(OR) is the main mechanism responsible for the destabilization of 
nanoemulsions due to Laplace pressure differences between small and 
large droplets [1]. It consists in the migration of individual oil molecules 
from small to larger droplets by diffusion through the continuous 
aqueous phase. OR rate depends on the size distribution of droplets and 
the nature of the oil and can be affected by the presence of micelles in 
the continuous phase [17–19]. 

In the present study, the influence of the process temperature and of 
material attributes on the size and the stability of oil/water nano-
emulsions was investigated. The aim was to design a low temperature 
nanoemulsification process without organic water-miscible solvent, 
allowing the delivery of a wide variety of triglycerides including MCT 
and long-chain triglycerides (LCT) as well as thermosensitive drugs and 
lipophilic molecules. 

2. Materials and methods 

2.1. Materials 

Glyceryl trioleate (96 %) was provided by Santa Cruz Biotechnology 
(Heidelberg, Germany). Glyceryl trioctanoate (99 %), corn oil, olive oil 
and Kolliphor® HS15 (macrogol 15 hydroxystearate) were supplied by 
Sigma-Aldrich (Saint Quentin Fallavier, France). Labrafac WL 1349 was 
a gift of Gattefossé SAS (Saint Priest, France). 

2.2. Nanoemulsion preparation 

Lipid phase consisted of a mixture of Kolliphor® HS15 (Macrogol 15 
hydroxystearate) with different oils including Labrafac WL 1349, 
vegetable oils, glyceryl trioctanoate or glyceryl trioleate (Table 1). Oils 
were composed mainly of triglycerides with different fatty chain lengths 
(Table 1). The surfactant-to-oil ratio (SOR) ranged from 1 to 6. Lipid 
phase and deionized water were separately heated under magnetic 
stirring in a water bath at equal temperatures comprised between 37 ◦C 
and 90 ◦C during 10 min. Water was then rapidly added in the lipid 
phase using a syringe at a water-to-oil ratio (WOR) ranging from 5 to 
100. The two immiscible phases were magnetically stirred in the water 
bath at the target temperature for 5 min. The preparation was then 
removed from the water bath and stirred at room temperature for 15 
min. Approximately 7.5 g of emulsion were prepared for each batch. 

2.3. Particle size measurements 

The hydrodynamic and the polydispersity index (PDI) of emulsions 
were determined by dynamic light scattering using a Zetasizer Nano ZS 
90, (Malvern Instruments, Orsay, France). The apparatus was equipped 
of a 4-mW HeNe laser at a wavelength of 632.8 nm. Light scattering was 
detected at an angle of 90◦. The temperature was fixed at 25 ◦C. All 
measurements were performed in triplicate after a 1:10 dilution in 
deionized water. 

2.4. Viscosity measurements 

Viscosity of oils was measured using a Kinexus Pro rheometer in 
controlled shear mode (Malvern Instruments, Orsay, France). Measuring 
systems were composed of a cone with a 2◦ angle and a 50 mm diameter 
plate. Temperature was controlled using a Peltier system. A solvent trap 
device was used during the heating process. The apparent shear viscosity 
was measured at temperatures ranging from 25 ◦C to 90 ◦C using a 
steady state flow process at a shear rate of 100 s− 1. At least two inde-
pendent measurements were performed for each type of oil. 

3. Results and discussion 

3.1. Influence of temperature 

The nanoemulsification process was performed at 37 ◦C using MCT 
such as glyceryl trioctanoate, Labrafac WL 1349 and LCT including corn 
oil, olive oil and glyceryl trioleate. They were selected for their low 
melting point, allowing the synthesis of nanodroplets with a liquid lipid 
core. The surfactant-to-oil ratio (SOR) and the water-to-oil ratio (WOR) 
were first fixed at 3.5 and 22, respectively. In Fig. 1, only small nano-
droplets were obtained with glyceryl trioctanoate and Labrafac WL 1349 
with sizes below 25 nm and a polydispersity index (PDI) close to 0.1, 
demonstrating a monomodal distribution. This was consistent with the 
study of Lefevre et al. which demonstrated the spontaneous nano-
emulsification of Labrafac at 30 ◦C and 50 ◦C [5]. For glyceryl trioleate, 
corn and olive oils, sizes and PDI were much larger than 100 nm and 0.1, 
respectively. These data demonstrate that the nanoemulsification pro-
cess is clearly dependent on the type of oil, especially the hydrocarbon 
chain length. The glyceryl trioctanoate and the Labrafac are composed 
of fatty acids with a carbon chain length ≤ 10 whereas LCT contain C18 
fatty acids. 

The emulsification mechanism could be affected by physicochemical 
properties of triglycerides such as the viscosity and the tension at the oil/ 
water interface. However, literature showed interfacial tension of 
vegetable oils and MCT in water were within the same range, comprised 
between 23 and 25 mN.m− 1 [20]. Thus, the influence in this parameter 
was not investigated in the present study. Wooster et al. demonstrated 
that the oil viscosity plays a major role in the size of droplets. Heighty 
nm and 120 nm nanoemulsions were obtained with hexadecane and 
LCT, respectively [21]. Viscosities of triglycerides and lipid mixtures 

Table 1 
Description of the oils used for the preparation of nanoemulsions.  

Oil Composition Density Mw Viscosity at 
25◦C (mPa.s) 

Corn oil (CO) C18:1 (29 %); 
C18:2 (56 %) 

0.9 – 54.0 ± 0.5 

Glyceryl 
trioctanoate (GT) 

C8:0 (99 %) 0.956 470.7 21.6 ± 0.0 

Glyceryl trioleate 
(GTOL) 

C18:1 (96 %) 0.915 885.4 65.6 ± 1.1 

Labrafac WL 1349 
(Labrafac) 

C8:0 (56 %); C10:0 
(43 %) 

0.946 506.2 25.4 ± 0.2 

Olive oil (OO) C18:1 (61 %); 
C18:0 (18 %) 

0.912 – 67.5 ± 0.1  
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were measured at a shear rate of 100 s-1. In Fig. 2, viscosity values of 
glyceryl trioctanoate and Labrafac at 37 ◦C were respectively of 13.2 and 
15.8 mPa.s whereas the values were of 34.8 and 41.7 mPa.s for corn and 
olive oils, respectively. Heating process decreased drastically the vis-
cosity of oils. At 70 ◦C, corn oil and olive oils reached values of 13 and 
14.6 mPa.s, in the same range as glyceryl trioctanoate and Labrafac at 37 
◦C. 

To investigate the role of viscosity, nanoemulsification of LCT was 
performed at temperatures higher than 37 ◦C such as 50 ◦C, 70 ◦C and 90 
◦C (Fig. 3). Nanodroplets with diameters of approximately 25 nm were 
only obtained at 90 ◦C for all the triglycerides. Between 37 ◦C and 70 ◦C, 
no clear evidence of a temperature-dependent effect was observed on 
the size of nanoemulsions. The polydispersity indexes were above 0.1, 
suggesting a heterogeneous size distribution. Despite the viscosity drop 
during the heating and values close to MCT at 70 ◦C, the heating did not 
significantly reduce the size of nanodroplets except at 90 ◦C. This result 
suggests the lack of relationship between the viscosity of oils and the size 
of nanoemulsions for the spontaneous nanoemulsification. 

Besides the viscosity of triglycerides, temperature variations affect 
also the partition coefficient of ethoxylated surfactants in oil and water 
[22]. It was reported that temperature increase drastically reduces the 
aqueous solubility of nonionic surfactant [23]. The cloud point of 
macrogol 15 hydroxystearate in pure water was observed at a temper-
ature of 85 ◦C [24]. By considering the correlation between the PIT and 
the cloud point demonstrated by Shinoda et al. [25], it could be 

reasonably assumed that the heating at 90 ◦C with LCT allowed reaching 
the PIT corresponding to an equal solubility of surfactant in oil and 
water and the formation of a bicontinuous system [26,27]. However, 
conductimetry measurements performed during the heating did not 
demonstrate a phase inversion likely due to the high water-to-oil ratio of 
22:1. 

In the case of MCT, the spontaneous emulsification did not require 
reaching the PIT. As discussed previously, the interfacial tension and the 
viscosity does not justify this difference. In presence of organic water- 
miscible solvent, spontaneous emulsification is usually reported as a 
diffusion driven process [28]. Due to the lack of co-solvent in our 
preparations, emulsification could be explained by the rapid diffusion of 
MCT in the aqueous phase. MCT are well known to be more soluble than 
LCT due shorter fatty acid chains [29]. Their solubility could be also 
improved by the presence of Kolliphor® HS15. Taylor et al. showed that 
the diffusion coefficient D of oil molecules including alkanes was 
calculated according to the following equation [30]: 

D = 7.4 × 10− 12 ×
(Φsm1)

0.5T
η1V0.6

2
(1)  

m1 and η1 are defined as the molar mass (g/mol) and the viscosity (mPa. 
s) of the solvent. V2 is the molar volume of the diffusate (cm3/mol) and is 
calculated by dividing the molar mass by the mass density. Φs is the 
association factor of the solvent allowing molecule interactions such as 

Fig. 1. Influence of the oil type on the size (black bars) and the PDI (open squares) of nanoemulsions prepared at 37 ◦C with a SOR and a WOR of 3.5 and 22, 
respectively. Formulations were prepared with glyceryl trioctanoate (GT), Labrafac WL 1349 (Labrafac), corn oil (CO), olive oil (OO) and glyceryl trioleate (GTOL). 
Results are expressed as mean values ± SD. Measurements were performed in triplicate from at least three independent experiments. 

Fig. 2. Influence of the temperature on the viscosity of different oils including glyceryl trioctanoate (GT), corn oil (CO), olive oil (OO) and Glyceryl trioleate (GTOL) 
at a shear rate of 100 s− 1. Results are expressed as mean values ± SD. Measurements were performed in triplicate from at least two independent experiments. 
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hydrogen bonds. According to Eq. 1, the molar volume (Vm) would be 
the main intrinsic property of the oil phase which controls the diffusion 
coefficient in the water bulk phase. Considering the narrow density 
range of triglycerides (0.9− 0.95), Vm could be also associated to the 
water solubility of MCT and LCT which depends of the length of fatty 
acids and consequently of the molecular weight [29]. This was in 
agreement with Wooster et al. who stated that the water solubility of an 
oil is inversely proportional to Vm [21]. By predicting both the aqueous 
solubility and the diffusion coefficient in water, the molar volume of 
triglycerides could be a critical parameter for the spontaneous nano-
emulsification. This would explain the spontaneous nanoemulsification 
at 37 ◦C of glyceryl trioctanoate characterized a Vm of 492 cm3/mol 
unlike glyceryl trioleate exhibiting a value of 968 cm3/mol. Vm was not 
calculated for vegetable oils due to their complex composition. How-
ever, considering the high proportion of triglycerides in vegetable oils 
and by taking into account the preponderant C18 fatty acids, the value 
should be in the same range as that of glyceryl trioleate [31]. Thus, the 
higher water solubility and diffusion coefficient of MCT suggested by 
their low Vm compared to LCT could explain their spontaneous and 
rapid dispersion into nanodroplets at 37 ◦C. 

3.2. Influence of the lipid composition 

The high temperature required for the spontaneous nano-
emulsification of long chain triglycerides could affect the chemical sta-
bility of lipids, and especially hat of unsaturated fatty acids. To facilitate 
the oil diffusion during the spontaneous emulsification at lower tem-
peratures, water-miscible organic solvents termed as co-solvents such as 
acetone and ethanol are usually added in the lipid phase [3]. Our pre-
vious results demonstrated that MCT can diffuse easily in the external 
water phase and then could play the role of a co-solvent. To investigate 
their interest in the nanoemulsification process, glyceryl trioctanoate 
was added with LCT including glyceryl trioleate, olive and corn oils and 
at a ratio 1:1 (Fig. 4). SOR and WOR were first at 3.5 and approximately 
22, respectively. Nanoemulsification process was performed at 37 ◦C. 
Interestingly, oil nanodroplets with a size below 25 nm were obtained 
for the 3 lipids mixtures. In addition, the polydispersity index was 
inferior to 0.1, suggesting the formation of a single population of 
nanodroplets. 

3.3. Influence of SOR and WOR 

To investigate the effect of the surfactant concentration on the size 
and the polydispersity of nanodroplets, nanoemulsions with different 
SOR comprised between 6 and 1 were prepared. Process temperature 
was 37 ◦C and WOR was fixed at 22. Nanoemulsions were prepared with 
different oil types including glyceryl trioctanoate, Labrafac, corn oils 
and a GT/CO mixture at a ratio 1:1. In Fig. 5A and B, nanoemulsions 

prepared at a SOR 6 were characterized by a size close to 20 nm for every 
oil type and a PDI close to 0.1. Interestingly, no heating was then 
necessary for the preparation of oil corn nanoemulsions at that SOR 
value. This could be due to the oil solubilization in Kolliphor® HS15 
micelles. At a SOR 5, corn oil droplets reached a size of 173 nm and a PDI 
of 0.3. Regarding MCT and the mixture GT/CO, no significant size in-
crease was observed for SOR comprised between 6 and 3. Hydrodynamic 
diameters was still below 30 nm and PDI close to 0.1. The size of the 
emulsion prepared with the lipid mixture increased drastically from a 
SOR of 2, reaching 70 nm. The PDI of 0.370 suggested a multimodal 
distribution. The same behavior was observed with MCT. Both size and 
PDI increases were observed between SOR 2 and 1. At SOR 1, sizes were 
approximately of 90 nm and the PDI above 0.3. This was consistent with 
the work of Lefebvre et al. showing a significant influence of SOR on the 
size and the polydispersity of nanoemulsions prepared with Labrafac 
[5]. Influence of WOR on the size of nanoemulsions prepared at 37 ◦C 
and composed of glyceryl trioctanoate alone or with corn oil were also 
investigated (Fig. 6). WOR comprised between 5 and 100 did not affect 
significantly the size of droplets with values close to 22 nm for MCT and 
between 24 nm and 22 nm for the triglyceride mixture. PDI was inferior 
to 0.1 except for the nanoemulsions prepared with the GT/CO mixture at 
a WOR 5. Nevertheless, the value was of 0.178, suggesting a narrow size 
distribution. In addition, the way to add together the two immiscible 
phases did not change the nanoemulsion properties. A size close to 20 
nm and a monomodal size distribution were obtained after addition at 

Fig. 3. Influence of the process temperature on the size (black bars) and the PDI (open squares) of nanoemulsions prepared with glyceryl trioctanoate (GT), corn oil 
(CO), olive oil (OO) and glyceryl trioleate (GTOL). Results are expressed as mean values ± SD. Measurements were performed in triplicate from at least two in-
dependent experiments. 

Fig. 4. Influence of the LCT/LGT mixture on the size (black bars) and PDI 
(open squares) of nanoemulsions prepared at 37 ◦C with a SOR of 3.5 and WOR 
of 22. Glyceryl trioctanoate was mixed at ratio 1:1 with corn oil (GT/CO), olive 
oil (GT/OO) and glyceryl trioleate (GT/GTOL). Results are expressed as mean 
values ± SD. Results were compared with pure glyceryl trioctanoate (GT). 
Measurements were performed in triplicate from at least three independent 
experiments. 
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37 ◦C of lipid phases composed of GT and a GT/CO mixture in water. 
This data appears as very interesting for the preparation of nano-
emulsion after dilution in the biologic fluids. 

3.4. Stability 

The stability of nanoemulsions stored at 4 ◦C was evaluated over 
time (Fig. 7A-C). Except for pure glyceryl trioctanoate nanoemulsions, 
lipid mixtures, Labrafac and LCT were stable during 90 days. No sig-
nificant size increase was observed and PDI stayed close to 0.1, 

suggesting a monomodal size distribution. Regarding GT nano-
emulsions, no significant size increase was observed within the first days 
followed by a rapid growth of oil droplets. After the lag-phase, the cube 
of droplet radius increased linearly with time, suggesting a destabili-
zation mechanism governed by the Ostwald ripening. This was 
confirmed by the PDI values, which increased at the beginning of the 
destabilization kinetic to finally drop to values inferior to 0.2, corre-
sponding to the end of the droplet growth. Although it was reported that 
surfactant can increase the Ostwald ripening rate due to the oil solubi-
lization in micelles [18], a retardation of the Ostwald ripening was also 
observed by Weiss et al. for high concentrations of non-ionic surfactants 
(above 10 %) [19]. This could be due to the high ability of micelles to 
solubilize large quantities of oil. Besides, according to the theory of 
Lifshitz, Slyozov and Wagner termed the LSW theory, the OR rate in-
creases with the diffusion coefficient and the bulk solubility of the oil, 
and consequently could be also correlated to Vm [17,32]. It would 
explain the rapid destabilization of nanoemulsions containing the GT 
that is characterized by the lowest Vm among the studied triglycerides 
including MCT and LCT. This hypothesis was supported by a study 
showing that glyceryl trioctanoate and mygliol, a MCT composed of a 
mixture of C8 and C10 fatty acids chains were characterized by an OR 
rate of 0.345 and 0.0483 nm3/s, respectively for Vm of 508 and 614 
cm3/mol [21]. In the same article, no Ostwald ripening was observed 
over 3 months with peanut oils composed of long fatty acid chains (>
C18). Unlike GT, stability of Labrafac nanoemulsions could be explained 
by the presence of 43 % of C10 fatty acids with 56 % of C8. Thus, the 
molar volume of Labrafac equal to 535 cm3/mol could be considered as 
a target value allowing both the spontaneous emulsification and the 
stability. Interestingly, the mixture of LCT with GT at a ratio 1/1 were 
still stable after 90 days. Higushi et al. demonstrated that the addition of 
insoluble oils enhances nanoemulsion stability by reducing the Ostwald 
ripening rate [33]. From a molar fraction of insoluble oil equal to 0.4, 
nanoemulsions composed of glyceryl trioctanoate and peanut oil were 

Fig. 5. Influence of surfactant-to-oil ratio on 
the nanoemulsification of glyceryl trioctanoate 
(GT), Labrafac WL 1349 (Labrafac) and 1:1 
lipid mixtures composed of GT with corn oil 
(GT/CO) or olive oil (GT/OO). Preparations 
were performed at 37 ◦C and the water-to-oil 
ratio was fixed at 22. A: hydrodynamic di-
ameters of oil droplets as a function of the SOR. 
B: PDI of nanoemulsions as a function of the 
SOR. Results are expressed as mean values ±
SD. Measurements were performed in triplicate 
from at least two independent experiments.   

Fig. 6. Influence of water-to-oil ratio (WOR) on the size and the PDI of nano-
emulsions prepared at 37 ◦C. SOR was fixed at 3.5. Lipid phase was composed 
of glyceryl trioctanoate (GT) or of a 1:1 mixture of GT and corn oil (GT/CO). 
Results are expressed as mean values ± SD. Measurements were performed in 
triplicate from at least two independent experiments. 
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stable over time [21]. This was explained by the entropy of mixing that 
dominates the Laplace pressure. This result demonstrates also that lipids 
droplets were composed of both MCT and LCT, since otherwise a 
destabilization would have been observed for droplet population 
composed of glyceryl trioctanoate. Thus, the LCT addition to glyceryl 
trioctanoate represents an interesting strategy to improve the physical 
stability of nanodroplets by limiting the Ostwald ripening rate. 

4. Conclusion 

This study emphasizes the major role of the oil type in the sponta-
neous nanoemulsification process. The molar volume of triglycerides 
represents a predictive factor for both the final size, the polydispersity 
and the stability of the emulsions prepared at a low temperature. Vm is 
correlated to the water solubility and the diffusion coefficient of oils 
molecules. Glyceryl trioctanoate characterized by a low Vm value 
facilitated both the spontaneous emulsification and the Ostwald 

Fig. 7. Stability of nanoemulsions prepared at 37 ◦C with a 
SOR and a WOR of 3.5 and 22, respectively. A: Long-term 
stability of nanoemulsions composed of Labrafac and of 1:1 
mixtures of glyceryl trioctanoate with corn oil (GT/CO), olive 
oil (GT/OO) and glyceryl trioctanoate (GT/GTOL). Size and 
PDI were measured immediately after preparation (D0) and 
after 90 days of storage at 4 ◦C (D90). Results are expressed as 
mean values ± SD. Measurements were performed in triplicate 
from at least two independent experiments. B: Cube of hy-
drodynamic radius of four batches of glyceryl trioctanoate 
nanoemulsion as a function of time. C: PDI of four batches of 
glyceryl trioctanoate nanoemulsion as a function of time. Re-
sults are expressed as mean values ± SD. Measurements were 
performed in triplicate.   
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ripening. Nanoemulsification at 37 ◦C failed with vegetable oils due to 
long hydrocarbon chains (C18) which limits their diffusion in the 
continuous aqueous phase. Heating above the PIT was required to obtain 
LCT nanodroplets. Both stable and monodisperse nanoemulsions were 
obtained with Labrafac characterized by a Vm value of 535 cm3/mol. 
Mixture of LCT with glyceryl trioctanoate allowed designing stable, fine 
and monodisperse nanoemulsions. This represents a promising approach 
to enlarge the variety of triglycerides in spontaneous emulsification 
processes at low temperature and without organic water-soluble solvent. 
This investigation paves the way to new strategies for the delivery of 
thermosensitive drugs and lipids such as polyunsaturated LCT. 
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