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ABSTRACT

Fassiflora tripartita var. mollissima is a fruit that is typically used as food, especially for juices and desserts, discarding
the seeds. The seeds can be a source of vegetable oil used i the cosmetics, pharmaceutical and food industries.
Nanoemulsions are kinetically stable liquid-in-liquid dispersions with droplets in the range of 50-500 nm. The aim
of this work was to evaluate the viability of the seed oil of P. #ripartita var. mollisima as oil phase in oil in water (o/w)
nanoemulsion. P. trjpartita var. mollissima seed oil was obtained by solvent extraction and characterized chemically and
physicochemically. For nanoemulsion formation, the required hydrophilic-lipophilic balance was determined, and stable
nanoemulsions were obtained using a pseudo-ternary phase diagram. Based on these results, it was concluded that seed
oil of P. tripartita var. mollissima could potentially be used as an excipient for the development of o/w nanoemulsions.
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INTRODUCTION

Nanoemulsions are kinetically stable liquid-liquid
dispersions with small droplet sizes ranging from
50 to 200 nm (transparent or translucent) at 500 nm
(milky appearance) and a low polydispersity index
(1). These systems consist of an oil and aqueous
phase, as well as, an appropriate surfactant, and are
mainly divided into the oil-in-water (o/w) type and
the water-in-oil (w/o0) type (2). In the pharmaceutical
field, nanoemulsions are used for oral (3), topical
(4) and parenteral (5) drug delivery systems, as
they present several advantages over conventional
emulsions because their small droplet size provides
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improved physical
separation, as well as, improving the bioavailability
of active pharmaceutical ingredients (APIs) (6). It
is well understood that the type and concentration
of the surfactant determines the properties of the

stability against gravitational

nanoemulsion. However, given that several types
of lipids with different physicochemical properties
can be used for the formulation of nanoemulsions,
previous investigations have shown that lipid phase
composition can also have an important influence on
the physicochemical properties of the emulsion, as
well as, the bioavailabilty of the active compound (7).

Vegetable fixed oils, most of them obtained from seeds,
have been successfully used for the oil phase in the
development of nanoemulsions because they are safe
and biocompatible (8), and help improve the stability,
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efficacy and solubility, as well as, the controlled release
of different kinds of synthetic and herbal drugs (9, 10).
The most common seed oils that have been used for
the development of nanoemulsions are soybean oil (11-
13), sesame oil (13), cottonseed oil (14), safflower oil
(15), grape seed oil (16) and evening primrose oil (17).

Passiflora  tripartita ~var. mollissima, also known as
the banana passion fruit, belongs to the subgenus
Tacsonia of the genus Passiflora (Passifloraceae) (18).
Fruits of P. fripartita var. mollissima, as for other
Passifloras fruits, are generally consumed as juices
and desserts, or processed to obtain other edible
products such as jams, nectars and compotes. The
main byproducts of the industrial processing of the
fruits are the seeds and the peel. Previous studies have
reported that banana passion fruits are rich in pectin
(19,) as well as, phenolic and carotenoid compounds
(20) responsible for the antioxidant activity of
the pulp and seeds, evaluated by FRAP (ferric
reducing anti-oxidant power), DPPH (2,2-diphenyl-
1-picrylhydrazyl) and ~ ABTS  (2,2’-azinobis-
(3-ethylbenzothiazoline-6-sulfonic acid).

The aim of this work was to evaluate the poten-
tial of using the seed oil from P. #ipartita var. molli-
sima for the oil phase in and oil-in-water (o/w) na-
noemulsion that could be used for formulating APIs.

MATERIALS AND METHODS
Plant material

Mature fruits of P. fripartita var. mollissima (10 kg)
were obtained at a market place in Bogota D.C.
(Colombia). The seeds of the P. frpartita var.
mollissima fruits were separated manually from the
pulp. The seeds were then washed and dried in an
air circulating oven at 48°C for 3 days, and finally
ground in a knife mill. The milled material was
collected in sieve No. 20 (850 pm) (US.A. Standard
Testing Sieve) and was subjected to further analysis.

Extraction of Passiflora tripartita var.
mollissima seed oil (PTO)

The oil was extracted from 1020 g of dry seeds by
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the percolaton method (rate 1 mL/min) using
n-hexane at room temperature for 72 hours,
changing the solvent every 24 hours. The plant
material:solvent ratio was 1:5 w/v. Subsequently,
the solvent was eliminated by reduced pressure and
the oil obtained was stored in a desiccator until
further analysis. The yield obtained was 10.2%.

The chemical characterization of Passiflora tripartita
var. mollissima seed oil

Preparation of fatty acid methyl esters

Cold esterification of fatty acids was prepared in
a 5 mL screw-top test tube by mixing PTO (100
mg), hexane (1 mL) and 0.5 mL of 2 N methanolic
potassium hydroxide solution and shaking vigorously
for 30 seconds, according to Regulation EC/796/2002
of the European Union Commission (21). After 45
minutes the mixture became clear and the upper
organic phase were transferred to a clean autosampler

vial, and 1 pL was analyzed using GC-MS/EL
GC-MS/El analysis

All GC-MS/EI analyses wete petformed on a Thermo
Scientific™ TRACE™ 1300 gas chromatograph
connected to an ISQ QD single quadrupole mass
spectrophotometer and an AL1310 autosampler
(Thermo Fischer, Massachusetts, USA) in liquid
injection mode. The GC conditions were adapted to
Standard ISO-5508 (22) as follows: injection volume,
1 pL; split injection 10:1; capillary column, Thermo
Scientific™ TRACE™ TR1 30 mX0.25 mm, 0.25 pm
film thickness supplied by Thermo (Massachusetts,
USA); injection port temperature, 220°C; carrier
gas, helium (= 99.99% purity); flow rate, 1.0 mL/
min; The oven conditions were 180°C initial (15
min) increasing to 193°C at 0.5°C/min; final time
43 minutes; The MS conditions were as follows: full-
scan mode (m/z 50-600); dwell time 0.2 sec, electron
ionization (EI) mode; ionization energy, 70 eV; ion
source temperature, 230°C; interface temperature,
280°C. Data evaluation was performed using a
Chromeleon® 7 Chromatography Data System version
7.2.2.6394 software with a NIST 2007 target library.
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Physicochemical characterization  Passiflora

tripartita var. mollissima seed oil

The density and acid, iodine, peroxide, saponification,
esterification and refraction values were determined
according to  United States Pharmacopoeia
(23) official methods, with slight modifications.
All  determinations made in

were triplicate.

Saponification value

PTO (2 g was taken in a flask and 25 mL of
0.5N potassium hydroxide was added. The flask
was heated in a steam bath under an appropriate
condenser and kept at reflux for 60 minutes, 1 mL of
phenolphthalein was added and the excess potassium
hydroxide was titrated with 0.5 N hydrochloric acid.
The same procedure was performed for a blank.

Acid value

PTO (5 g) was dissolved in 25 mL of a mixture of
ethanol:ethyl ether (1:1) and titrated in triplicate
with 0.IN potassium hydroxide. Phenolphthalein
was used as an indicator and a blank was measured.

lodine value

PTO (0.2 g) was dissolved in 15 mL of a cyclohexane:
glacial acetic acid (1: 1) mixture. 25 ml of Wijs
reagent was added and the mixture was stored
in a dark place for 2 hours. Subsequently, 20 mL
of a solution of potassium iodide soda and 150
mlL of distilled water was added. It was titrated
with 0.1 N sodium thiosulfate under continuous
stirring until the yellow color disappeared. Finally,
starch was added until the blue color disappeared.

Refractive index

The measurement was performed using a refractometer Carl
Zeiss Abbe Jena 292210 (Carl Zeiss, Jena, Germany) at 20°C.
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with distilled water (avoiding the formation of
bubbles), and weighed. Finally, the pycnometer
was filled with the oil obtained and weighed

Determination of the o/w required HLB ( HLB) of PTO

Before to nanoemulsions elaboration, the HLB of
PTO was determined, based on the methodology
described by O. Orafidiya et al (24) evaluating
the following parameters:
stability after centrifugation

droplet size and
uniformity analysis,
and turbidity of the coarse emulsions prepared.

Preparation of emulsions

To HLB determination of PTO, coarse oil-in-water
emulsions were prepated, using Tween®20 (Sigma-
Aldrich, St Louis, USA Lot 125K01034) and Span®
85 (ICI Specialty Chemical, London UK Lot V-5420)
as surfactants (5%), PTO as the oil phase (10%)
and distilled water as the aqueous phase (85%).
The oil phase was added to the aqueous phase
and homogenized on a vortex 3 agitator (IKA®,
Staufen, Germany) at 2000 RPM for 2 minutes.

Several emulsions with different mixtures of Span®85
and Tween®20 were prepated, to modify the surfactant
HLB values for the PTO rHLB determination.
Tween®20: Span®85 ratios were mixed as follows:
0: 100 (HLB: 1.8), 16:84 (HLB: 4.2), 32:68 (HLB:
0.6), 50:50 (HLB : 9.3), 68:32 (HLB: 11.9), 76:24
(HLB: 13.1), 84:16 (HLB: 14.3), 100: 0 (HLB: 16.7).

Droplet size and uniformity analysis

The droplet size and the uniformity value of the
emulsions were measured by dynamic light scattering
(DLS) using a Mastersizer 3000E (Worcestershire,
UK) particle size analyzer. Values were obtained from
5 measurements for each emulsion, and droplet size
was expressed as surface volume diameter (Dvs).

The effect of centrifugation on
Density droplet size distribution of emulsions
An  empty pycnometer was weighed, filled  Samples of 3 ml were withdrawn and placed into
This Journal is © IPEC-Americas March 2018 J. Excipients and Food Chem. 9 (1) 2018 18



glass tubes with closely fitting caps and subjected to
centrifugation at 10000 RPM for 10 minutes using
a Hermle® (Wehingen, Germany) Model Z383K
centrifuge. Emulsions that showed no phase separation
were allowed to stand for 3 days, after which they were
gentlystirred for 60 seconds to ensure the redispersibility
of the droplets (24). Droplet size and uniformity
were then determined as previously described.

Turbidimetric method

Samples of 5 ml of each emulsion were removed and
placed in test tubes and capped propetly. The tubes were
stored undisturbed at room temperature (19°C) for 7
days. A 1 mL sample was then gently removed from the
base of the tube using a syringe, so that the tip of the
needle touched the base of the tube. The sample was
diluted in 10 ml of distilled water and the absorption
was measured at 600 nm with a spectrophotometer
(Shimadzu® uv - 1800; Kyoto Japan) (24).
The percentage of transmission
was determined using the

4T
following  ratio:
Absorbancia = 2 - 1og% T

The turbidity of each emulsion was calculated as:

Turbidity = 100-%T

Construction of pseudo-ternary phase diagram

Once HLB of PTO was determined by using the
coarse emulsions, twenty-six emulsions of 10 mL
were prepared by varying the percentage of water, oil
and surfactant mixture using a Q500-SONICATOR®
ultrasonicator (Newton, USA) with 80% amplitude,
for 1 minute to obtained nanoemulsions. The
nanoemulsion region was determined by constructing
a pseudo-ternary phase diagram, in which each corner
represented 100% water, surfactant blend and PTO.

All formulations were characterized after 1 and 7
days of preparation. The mean droplet size and
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polydispersity index were determined by dynamic
light scattering (DLS) using a Zetasizer nano-ZS
(scattering angle 90°, 25°C) (Worcestershire, UK). 5
uL of each sample was diluted in 1 mL of deionized
water and the measurement was performed at 25°C.
The effect of dilution on the mean particle size or
the size distribution was not taken into consideration.
The values were obtained from the mean and standard
deviation of 3 measurements for each emulsion.

Statistical analysis

GraphPad Prism® 7
statistical analysis of

software was wused for
the droplet size in the
t-Student  paired  test.

emulsions  using a

RESULTS AND DISCUSSION

Chemical and physicochemical characterization of
PTO

Figure 1 shows a chromatographic profile of fatty acids
of PTO describing the similar compounds reported
for other seed oils (25, 26). Table 1 summarizes the
fatty acid composition of seed oils of PTO and other
Passiflora species obtained by extraction with organic
solvents. As in other Passiflora seed oils, the major
compound in PTO is linoleic acid followed by oleic
acid, two essential fatty acids. However, it is important
to note that the linoleic acid content of PTO is higher
than that reported for other Passiflora species. Likewise,
the palmitic acid content of PTO is the lowest of
the described seed oils. This finding is reflected in
the total content of unsaturated fatty acids (UFA)
and polyunsaturated fatty acids (PUFA) of PTO
which is higher than reported in other studies. This
fact suggests that PTO could be more susceptible to
oxidation due to the presence of double bonds, but it is
also widely known that the consumption of PUFA has
important health benefits (27). Regarding other seed
oils employed for pharmaceutical purposes, although
the content of UFA is similar among them (77-90%),
the PTO content showed more linoleic acid and PUFA
than most of them i.e., cottonseed oil (2.12%) (28),
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Table 1 Fatty acid composition of P. tripartita var. mollisima seed oil and other Passiflora seed oils previously reported

P. edulis var.

P. tripartita var. P. alata P. edulis P. tenuiflia P. setacea P. alata favicaroa
mollisima (26) (26) (26) (26) (30) 31) P
LINOLEIC ACID C18:2 77£0.05 71.54+0.34  70.52+0.03 70.76 +0.07 69.93+0.05  72.04+0.15 73.14 £ 0.05
MW 256.4 g/mol
PALMITIC ACID C16:0
MW 256.4 g/mol 7+0.04 10.38 +0.03 11.08 + 0.02 10.89 +0.02 9.55 +0.02 11.46 +0.03 9.73 £0.01
OLEIC ACID
C18:1 13£0.05 13.58 £ 0.05 14.37 £0.01 14.43 £0.03 15.92 +0.01 12.93 +0.07 13.83 £0.04
MW 282.5 g/mol
STEARIC ACID C18:0
3:0.01 2.72 £0.02 2.87 £0.02 2.72£0.04 3.16 £ 0.01 2.51+£0.02 2.58 +0.00
MW 284.5 g/imol * * * * * * *
Others ND 1.98 1.16 1.2 1.44 1.06 0.72
SFA 10 13.10 £ 0.05 13.95 +0.03 13.60 +0.02 12.71 £0.02 13.97 12.41
UFA 90 86.8 86.03 86.40 87.29 86.04 87.59
MUSFA 13 14.83 £ 0.08 14.99 + 0.02 15.10 £ 0.02 16.46 + 0.001 14.00 — 14.04
PUSFA 7 72.07+0.13 71.04 £0.02 71.30+0.03 70.83 +0.02 72.04 73.55
AMWFA 279.2 273.4 275.0 274.9 274.6 275.1 276.5

Dataare expressed as the mean + standard deviation (n=3). SFA: saturated fatty acids. UFA: unsaturated fatty acids; MUFA: monounsaturated fatty
acids; PUFA: polyunsaturated fatty acids; AMWFA: Average molecular weight of identified fatty acids in the oil (calculated from available data).

(25), sesame oil (42%) (29), and castor oil (6%) (25).

The physicochemical properties of PTO are similar to
those of other Passiflora seed oils as shown in Table 2,
particularly with regard to density and the refractive
index. The differences of the other parameters are
related to chemical composition, mainly the high
content of linoleic acid and low content of palmitic
acid in PTO. The saponification value (SV) is inversely
proportional to the average molecular weight and
hydrocarbon chain length of all fatty acids in the
oil (32). Thus, the saponification value of PTO is
slightly lower than that of other Passiflora oils due to
the fact that average molecular weight of identified
fatty acids in the oil (AMWZFA), mainly linoleic acid, is
slightly higher. The PTO saponification value showed
greater differences with other vegetable oils, such as

cottonseed oil (SV 189.338) (28), corn oil (187-193),
castor oil (SV 176-182, and olive oil (190-195), which
has a lower linoleic acid content (33).

The iodine value was related to the content of
unsaturated fatty acids (UFA) in the oil. The higher
iodine value of PTO is related to its higher UFA, mainly
due to the linoleic acid content, as discussed previously.

Determination of HLB of PTO

The smallest droplet size value was 10.3 = 0.04
um and 10.0 £ 0.1 pm for the non-centrifuged and
centrifuged coarse emulsions, respectively, and
was observed in HLB 11.9. However, the highest
uniformity values were recorded in HLB 13.1 (Figure

2). A minimal change in the droplet size values, after
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Figure 1 TIC profile EI mass chromatogram of a palmitic acid, linoleic acid, oleic acid, and steatic acid
obtained after solid B liquid extraction and derivatization of a seed oil of Passiflora tripartita var. mollisima.
centrifugation and subsequent storage, indicate 13.1, which means that centrifugation and storage

optimum stability, which in turn indicates the HLLB of
the system. In this case, the emulsion that presented
the least variation was the one corresponding to HL.B
13.1. Based on the statistical analysis it was possible
to establish that there is no statistically significant
difference between droplet size and uniformity of
centrifuged and non-centrifuged emulsions at HL.B

did not induce droplet coalescence or change in
size distribution. In spite of this minimum change,
for the effect of the determination of the required
HLB of the oil, the point with less variation was
visible. The droplet size values obtained for the
emulsions of HLB 11.9 and 13.1 (both centrifuged
and non-centrifuged), did not show any statistically

Table 2 Physicochemical properties of P. tripartita var. mollisima seed oil and other Passiflora seed oils previously

reported
PROPERTIES P. tripartita var. P. alata P. edulis P. tenuifila P. setacea P. alata P. edulis var.
mollisima (26) (26) (26) (26) (30) flavicawrpa (31)
Refra(;t;vseo)mdex 1.476 +0.002 1.469+0.001  1.468 £ 0.001 1.469 + 0.001 1.469 £ 0.001 14.698 1.4682 £ 0.0001
Density 0.918 £ 0.001 NR NR NR NR 0.9041 NR
(g/mL)
Saponification value ... ., 179.86+6.52  177.95+0.07 181.77 + 7.55 178.99 + 4.89 NR 190.7 £ 2.76
(mg KOH/g)
Acid value
(mg KOHIg) 1.46 £0.07 NR NR NR NR 1.99+0.18 2.35+0.06
lodine value 1373 £ 2.1 133.08£3.35  132.17+5.63 134.73 £ 1.19 135.64 £ 0.23 NR 128.0£0.75
(g 1,/100g)
NR: Not reported. Data are expressed as the mean F standard deviation (n=3).
This Journal is © IPEC-Americas March 2018 J. Excipients and Food Chem. 9 (1) 2018 21
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Figure 2 Droplet diameter (um) of P. tripartita var. mollisima seeds oil emulsions with different surfactant HLB. Data are expressed
as the mean T standard deviation (n=5). t-Student paired test; **p< 0.01 and ***p < 0.001 respect to non-centrifuged emulsions.

significant difference, therefore the turbidimetric
method was wused to determine the required

HLB of the PTO, which was defined as 13.1,
according to the maximum turbidity (Figure 3).

Construction of the pseudo-ternary phase diagram

The pseudo-ternary diagram is a valuable tool
for investigating the influence of a composition
on nanoemulsion formation. It is
constructed by varying the
the formulation

usually
components  of
(34).

(oil-surfactants-water)

Twenty-six formulations were prepared, with
percentages of oil from the oil phase ranging from
5% to 30% v/v based on a previous report (35).
The droplet size ranged from 134.2 = 0.4 nm (5%
oil, 30% surfactants and 65% water) to 616.6 *
32.5 nm (25% oil, 5% surfactants and 70% water)
(Table 3). The prepared emulsions had a milky-white
appearance, with no apparent phase separation,

except for formulations 22 and 25, which had oil

on the surface of the tube; this can be attributed
to their having a very low surfactant-oil ratio.

In all the formulations, droplet size increased
after seven days (in 13 of them this increase was
statistically significant). This change was related to
the coalescence phenomenon, which also explains
the appearance of new populations of droplet
size and the increase of the polydispersity index.

In order to establish the nanoemulsion region in
the pseudo-ternary diagram, nanoemulsions with a
droplet size of less than 500 nm were used after 1
and 7 days of preparation, taking into account the
definition of nanoemulsion proposed by Gupta A.
et al. (36), and a polydispersity index of less than
0.500 after 1 and 7 days of preparation. This
ensures the stable behavior of the system, given the
possibility of coalescence (a major problem for the
stability of nanoemulsions) occurring (34) (Figure 4).

The diagram obtained in the present study coincides
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Table 3 Droplet size of emulsions containing P. #ripartita var. mollisima seed oil
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Day 1 Day 7
FORMULATION 0% S% W% S:PTO DROPLET SIZE POLYDISPERSITY DROPLET SIZE POLYDISPERSITY
(dvs nm) INDEX (dvs nm) INDEX
1 5 10 85 2 209.38.4 0.529+0.084 218.40.7 0.451£0.026
2 5 15 80 3 306.9+8.8 0.599+0.062 310.5£1.0 0.422+0.012
3 5 20 75 4 252.3+3.8 0.422+0.010 261.246.8 0.302+0.039
4 5 25 70 5 186.3+1.0 0.226+0.004 191.9+1.7 0.242+0.003
5 5 30 65 6 134.2+0.4 0.106+0.021 151.9+0.6 0.120+0.016
6 10 5 85 0.5 212.1£0.9 0.390+0.027 418.4£19.3*** 0.554+0.096
7 10 10 80 1 266.12.1 0.463£0.015 380.6+18.7*** 0.518+0.098
8 10 20 70 2 189.4+0.6 0.261+0.013 340.644.2* 0.431£0.016
9 15 5 80 0.3 277.7+10.1 0.471+0.018 417.2417.9"* 0.579+0.118
10 15 10 75 0.7 341.7429.5 0.516+0.016 378.3+11.2** 0.622+0.119
1 10 15 75 15 222.241.2 0.407+0.005 341.2411.6** 0.497+0.030
12 10 25 65 2.5 175.1+0.8 0.224+0.009 176.1£1.9 0.187+0.016
13 10 30 60 3 194.9+1.1 0.273+0.005 195.8+0.8 0.144£0.007
14 15 15 70 1 282.8+5.1 0.436+0.029 362.747.6** 0.495+0.064
15 15 20 65 1.3 241.6+3.1 0.399+0.015 245.0£0.9 0.264+0.005
16 15 25 60 1.7 177.9+1.2 0.186+0.008 236.3+£2.4** 0.342+0.008
17 15 30 55 2 147.441.1 0.133+0.006 158.4£1.0 0.141£0.023
18 20 5 75 0.3 365.8£19.4 0.677+0.137 541.6+43.8*** 0.76520.198
19 20 10 70 0.5 348.8£12.4 0.582+0.108 423.2+25.9*** 0.62620.157
20 20 15 65 0.8 356.9+1.7 0.488+0.002 388.0£2.3 0.512+0.007
21 20 20 60 1 255.7+3.7 0.375+0.003 302.6+2.9*** 0.406+0.008
22 25 5 70 0.2 616.6432.5 0.964+0.062 620.2+7.6 0.7890.051
23 25 10 65 0.4 394.5+7.1 0.520+0.028 493.9+11.9"** 0.542+0.029
24 25 15 60 0.6 370.8+2.8 0.479+0.008 401.2+13.2 0.483+0.050
25 30 5 65 0.2 487.4+11.0 0.516+0.015 540.3+14.9** 0.489+0.012
26 30 10 60 0.3 309.7+2.9 0.410+0.015 327.4£2.5 0.424+0.021

O: oil; S: surfactant; W: water; SSPTO: surfactant P. zripartita vat. mollisima seed oil ratio. In all cases, S corresponds to Tween®20: Span®85 76:24.

Data are expressed as the mean T standard deviation (n=5). t-Student paired test; **p< 0.01 and ***p < 0.001 respect to day 1.
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Figure 3 Turbidity (%) of the P ftrpartita var. mollisima seed oil emulsions with
different surfactant HILB. Data are expressed as the mean * standard deviation (n=3)
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Figure 4 Pseudo-ternary diagram for the determination of the P. #ripartita var. mollisima seeds oil

nanoemulsion region

with the typical zone of nanoemulsion formation o/w
in the diagram designed by B. Yang ez 4/ (37). In this
region, formulations with oil proportions between 5%
to 30% and high proportions of surfactants (greater
than 10%) tend to form nanoemulsions. In the work
carried out by S. Baboota et 4/, in which celecoxib
nanoemulsions were developed for transdermal
administration, the authors constructed a series of
pseudo-ternary diagrams, from which they concluded
that as the concentration of surfactants increases,
the area of nanoemulsion formation becomes
larger. This may be due to a more effective interface
reduction. Despite obtaining smaller drops with high
proportions of surfactants, it is important to clarify
that this is not recommended in the case of a topical
formulation, because it could cause skin irritation (35).

On the other hand, the type of oil also influences
the formation of the nanoemulsions, due to the
differences in the chemical composition of the oil.

Thus, the area of the PTO nanoemulsion region
in the pseudo-ternary diagram is greater than that
determined for evening primrose seed oil (17).

Fourteen stable nanoemulsions were obtained after
storage for 7 days at 18°C, with a droplet size of
less than 500 nm and a polydispersity index of less
than 0.500. Specifically, nanoemulsion 5 (5% oil, 30%
surfactants and 65% water) had the smallest droplet
size and polydispersity index during the 7 days of
storage (Figure 5), suggesting the potential of PTO

as a new ingredient for nanoemulsion formulation.

CONCLUSIONS

A P tripartita ~var wmollisima (PTO) seed oil with
chemical profile was obtained by solvent extraction,

characterized by a high content of linoleic

acid, similar to other Passiflora seed oils, and its

physicochemical properties were elucidated.
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Figute 5 Droplet size distribution of nanoemulsions prepared with 5% (w/w) of PTO, 30%
(w/w) of surfactants and 65% (w/w) of water. (a) Day 1: droplet size: 134.2+0.4 nm, polidispet-
sity  index:  0.106%£0.021. (b) Day 7: droplet size: 151.9%£0.6 nm, polidispersity index: 0.120%0.016.

The o/w requited HLB of the PTO was determined
as 13.1 and from a pseudo-ternary phase diagram, the
area of o/w nanoemulsion was established. It was also
established that the most stable nanoemulsion (over 7
days of storage) was composed of a 5% oil and 30%

surfactant mixture (Span® 85 and Tween® 20) with
05% water. Finally, the feasibility of PTO as a potential
ingredient in nanoemulsions for pharmaceutical,
sunflower seed oil (62.2%) (25), almond oil (22.8%)
food or cosmetics purposes was demonstrated.
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