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Abstract

The objective of the present investigation was to evaluate the physical stability of emulsions (w/o) with a gel as an oil
phase. Two oil phases (canola and coconut oil) were used to assess the impact of the different vegetable oils. Monoglycer-
ides were used as the gelling agent and polyglycerol polyricinoleate as the surfactant. Micrographs, differential scanning
calorimetry, and rheology tests were performed. The presence of crystalline structures was observed in the continuous
phase characteristic of some organogels and a smaller distribution of sizes as a function of time. Also, a change in the
crystallization profile of the aqueous and oily phases concerning to time was also found, the crystallization signals coin-
ciding (=—40 °C), indicating a better organization by the phases. No variability was found in modules G’ and G", so these
systems have good mechanical stability. The properties of the organogelated emulsions are explained by the interface-

interface interactions present between the particles and the reduced mobility, which slows the phase separation.
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1 Introduction

In the last decade, interest in the introduction of micro-
nutrients and nutraceuticals as part of a food matrix or
products with a contribution to health has grown expo-
nentially. Some of these products or compound matrices
require emulsions to have specific characteristics. Also,
pharmaceutical and food industries have used emulsions
to load some bioactive compounds and include them in
a final product[1, 2].

Organogel-emulsions (w/0) has a continuous oil phase
structured from a self-assembling gelling agent giving
semi-solid characteristics like those of an organogel [3].
The w/o emulsions have water droplets surrounded by an

interfacial film where some surfactants can be found, these
drops are dispersed in the continuous oil phase. Emulsions
can be obtained by different methods, which can be clas-
sified as high and low energy. The low energy emulsions
drop out the phase in minor proportion to become under
certain specific conditions of concentration, temperature,
and agitation metastable systems [4].

The development of w/o emulsions is based on disper-
sion and force methods, the so-called high-energy physi-
cal mechanisms, which by disruptive forces mechanically
disintegrate the aqueous phase into small droplets that
disperse in the continuous oil phase. Therefore, it is pos-
sible to obtain emulsions by mechanisms such as mixing
and homogenization. However, it is well known that the
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drop size reduction is limited by the viscosity of the oil
phase [5, 6]. By reducing the droplet size in emulsions, the
interaction area between droplets is increased, presenting
greater stability to the aggregation of particles, and reduc-
ing the phenomena of coalescence and flocculation. It is
also important to consider the concentration of surfactant
since a suitable thickness of the interface surrounding the
drops provides a greater viscosity to the dispersed phase
that in conjunction with a structured continuous phase
can provide gel or paste characteristics for different appli-
cations, where semisolid behavior is required [6]. It has
also been shown that smaller droplet sizes increase the
bioavailability of certain types of lipophilic substances
loaded in emulsions [7].

Emulsions based on structuring with monoglycerides
(MG) are widely used in food products and cosmetics [8].
The MG are low molecular weight lipids, which have a
single fatty acid chain attached to a glycerol main chain,
providing amphiphilic characteristics and being important
emulsifiers. These molecules self-assemble both in the
presence of water and oil in various types of mesophases
depending on the type of continuous phase and their con-
centration. It has been reported that it is possible to obtain
structured emulsions, resembling trans-free vegetable fats,
which can be used in different food products [9, 10].

In o/w emulsions structured with MG, structural and
rheological properties have been studied finding that
in the lamellar phase, after the homogenization, the MG
and the co-emulsifiers assemble themselves in hydrated
lamellar structures and form a gel network like fat and
organogels, in which the oil droplets are surrounded by
alternating MG bilayers and water [11, 12]. However, some
emulsions structured only with MG are prone to phase
separation and syneresis of water after four weeks of stor-
age at room temperature (about 20 °C).

The destabilization of structured emulsions is mainly
caused by a polymorphic transformation of MG [13]. The
polymorphic transition of the MG limits the useful life of
emulsions due to the loss of nanostructured water. How-
ever, it is possible to increase the stability of structured
organogel-emulsions by slowing the transition from the
a-gel to the coagel phase. These transitions have already
been well characterized in MG-water interactions, where
heating the MG-water mixture above its Kraft tempera-
ture (Tk), the MG molecules self-assemble into a crystalline
liquid phase La (a-gel) [14, 15]. By cooling the La phase
below Tk, the hydrocarbon chains of the MG lose mobil-
ity and transform into a La' phase (sub-a-gel phase), in
which thick layers of water are retained between the MG
bilayers. The a-gel phase is thermally reversible to the sub-
a-gel phase [16]. However, both the sub-a-gel phase and
the a-gel phase are thermodynamically unstable and will
gradually crystallize in the more densely compacted Lf3
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phase (coagel), accompanied by a release of water at room
temperature [17].

Although the coagel phase is the thermodynamically
most favorable phase in organogels, this transition pre-
vents the stability of an emulsion [16]. A slow cooling rate,
as well as avoiding cooling during storage after homogeni-
zation also improves the stability of the a-gel phase [18].
Also, the use of surfactants in conjunction with MG can
reduce the release of water during polymorphic transitions
by reinforcing the interfacial film [19].

The objective of the present investigation was to
develop structured organogel-emulsions (w/o) with MG
and a lipophilic surfactant. The microstructural, thermody-
namic, and rheological behavior in function to time above
ambient temperature (25 °C) was also evaluated.

2 Materials and methods
2.1 Materials

Used oils had the following compositions (according to
their manufacturer’s labels): canola oil (CAO), 61% mono-
unsaturated, 32% polyunsaturated and 7% saturated; and
extra virgin coconut fat oil (CNO), 86% saturated, 13%
monounsaturated and 1% polyunsaturated. Both oils were
purchased at a local supermarket store (Durango, Mexico).
Myverol (18-04 PK Cod. 20070857, Lot: 1056067) is a mix-
ture of monoglycerides (mainly 49% glycerol monostea-
rate, 48% glycerol monopalmitate and 3% calcium silicate)
kindly provided by Kerry (SW food technology, SA de CV,
Nuevo Leon, Mexico). The surfactant PGPR (E 476), which is
a complex mixture of partial esters of polyglycerol with lin-
early esterified polyricinoleic acid derived from castor oil,
was purchased from Palsgaard (San Luis Potosi, Mexico).

2.2 Emulsions preparation

Emulsions (w/o0) were prepared following the method of
[3] with 25% disperse phase. The oil phase was obtained
by mixing each of the oils with myverol (MY)(10% w/w)
and PGPR (1% w/w) at 80 °C, 10 min by magnetic stir-
ring (1000 rpm). Once the mixture was homogenized, it
was mixed with the aqueous phase using an Ultra-Tur-
rax homogenizer (60 °C, 6500 rpm, 7 min), while it was
immersed in a refrigerated bath (5 °C) until it reached
25 °C. They were refrigerated at 5 °C for 12 h and then
stored at 25 °C for 28 days.

2.3 Microscopy

Photographs of the different systems were taken every
7 days. The samples were placed on glass slides and
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observed under a Nikon optical microscope (Eclipse LV100N
POL) with a bright field and polarized light filter at a total
magpnification of 100x (25 °C), and equipped with a digital
camera (Q-Imaging 3.3 RTV) to observe drops and inter-
phases, as well as the crystalline structures characteristic
of organogel systems. Measurements of the diameter of
observed drops were taken with the help of Nis Elements
AR software. A record of the different diameters was made
to observe the size distribution of each system.

2.4 Differential scanning calorimetry

The Thermal evaluation was performed in a differential scan-
ning calorimetry (DSC) equipment from TA, Instruments
(2920, New Castle, DE, USA), equipped with a refrigerated
cooling system and a nitrogen flow of 50 mL/min. Samples
of 3-6 mg of each of the organogel-emulsions were placed
in hermetically sealed aluminum capsules (25 °C). They were
maintained at 25 °C for 10 min, cooled to —65 °C at a rate of
2 °C/min to obtain the crystallization profile, then kept for
3 min at —65 °C and warmed up to 80 °C at a speed of 5 °C/
min, obtaining the profile of structure loss and the fusion
endotherms. Thermograms were obtained from each of the
systems, in which enthalpies and temperatures were deter-
mined by analyzing the graphs with the TA Instruments Uni-
versal Analysis 2000 software.

2.5 Rheology

Rheological tests were carried out in an Anton Paar rheom-
eter with parallel plate geometry PP50/TG (air pressure
5 bar, means position 1 mm). Deformation sweep (ramp log
0.001-100%, 1 Hz, 0 N) and simple shear tests (10 s71,25°C)
were performed, followed by a recovery stage (0.004%, 1 Hz,
0N, 25 °C, 60 min). The flow point, the range of linear viscoe-
lasticity (r=0.999), yield point, phase angles, and the differ-
ent corresponding modulus (G', G" and G*) were determined
at each point. The recovery percentage was determined in
the last stage. The tests were performed every 7 days for
28 days.

2.6 Statistical analysis

Comparisons were made in function of the storage time
with the STATISTICA software (Ver. 7.0, 2007); using fac-
torial design and ANOVA with a comparison of means
(Tukey <0.05).

3 Results and discussion
3.1 Emulsion microstructure

The photographs of organogel-emulsions of canola
(OECAO) and coconut (OECNO) oils are shown in Fig. 1.
Micrographs of them are shown in Fig. 2 (A for clear field
and B for polarized field). At day one, it is possible to
observe many solid oil aggregates and the presence of
few water droplets in the coconut (OECNO) and canola
emulsions (OECAOQ), the aggregates can be observed as
oil stains in the polarized field (Fig. 2b) [8]. At longer times,
it was observed that the solid aggregates were separated
and evenly distributed in the continuous oil phase in the
form of crystalline fibrillar structures by the MG-oil inter-
actions (Fig. 2b). In the bright field, it was observed the
appearance of a greater number of drops of smaller size
(1-5 um) at 28 days in OECAOQ, while in OECNO a greater
size distribution (1-30 um) was observed with less num-
ber of drops (Fig. 2a). Similar results on drop size have
been reported by other research groups using the same
oils, but no surfactant and gelator, reporting free water
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Fig. 1 Macroscopic appearance of organogel-emulsions canola oil
(OECAO and coconut oil OECNO) at 28 days
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Fig.2 Optical micrographs (x100) of organogel-emulsions (w/0) (OECAO and OECNO) for 28 days in a bright field (a) and polarized light

field (b). Scale line 250 um

by coalescence after 20 days [20]. The microstructural
changes in OECAO and OECNO indicate a more organ-
ized structuring with in function to time, even when at
rest at 25 °C.

The constant structural organization in organogel-
emulsions is due to polymorphic transitions of the MG
from the a-gel phase to sub-a-gel and subsequently to
the coagel phase. Cassin et al. [17], found that a-gel is
stable when stored at temperatures above 45 °C because
the driving force for coagel formation is at lower storage
temperatures. The polymorphic behavior of glycerol mon-
ostearate (MSG) in water has been well characterized by
different research groups, which report that maintaining
a higher temperature during the storage of organogel-
emulsions delays polymorphic transitions due to aging
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and the use of surfactants. Temperature can increase the
electrostatic repulsion between MG bilayers and slow
down the polymorphic change to coagel [11].

In 0il-MG systems become structured with glyceryl
monostearate (MSG) or glyceryl monopalmitate (MSG),
when the a-gel phase is below 55 °C and the sub-a phase,
below 36 °C [21]. However, the a-gel is only in the meta-
stable state and is thermodynamically unstable; so that
the a-gel will crystallize gradually in the LB phase, which
is more organized and densely packed, also called B-gel
or coagel [14, 17]. Also, it is known that in the transition to
the coagel phase, the bilayers reorganize structurally and
expel the water between the bilayers. The system cannot
return to the a-gel phase without heating above the Kraft
temperature and re-forming the lamellar phase [22, 23].
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Organogel-emulsions formed with MG-PGPR seem to
maintain prolonged metastability regardless of the type
of oil used. They are more organized in their structure
because the PGPR surfactant in conjunction with the MG
reinforces the interface, increasing the electrostatic repul-
sions and better dispersed water that avoids expelling it
during the polymorphic transitions. The storage at 25 °C
may be another factor that delays polymorphic transi-
tions while maintaining metastability. Similarly, there are
reports that in structured systems with MG, impurities
such as free fatty acids and diglycerides help to structure
water [24].

3.2 Emulsion crystallization and fusion profiles

The crystallization and melting profiles of the organogel-
emulsions were obtained. No significant differences were
found in the melting peaks of oils and water in function
to time (Fig. 3 Canola oil, coconut oil, water and myverol).

No significant differences were found in the melting of
the water due to the influence of the type of oil (Table 1).
The fusion of MG can be considered as the loss of struc-
ture of the organogel-emulsions (Fig. 3 Myverol). Higher
temperature values were found at the start during the loss
of structure when using canola oil (CAO); however, there
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Fig.3 Melting profiles of canola and coconut oils in organogel-
emulsions (w/o) as a function of time. Comparison of water fusion
between organogel-emulsions canola oil (OECAO) and coconut

were no differences with respect to time in each sample.
No significant differences were found in the enthalpy
values either (Table 2). Lower onset values were found in
the loss of structure for OECNO, which is related to the
sensitivity to temperature changes of coconut oil (CNO)
(Table 2).

In the crystallization profile, no significant differences
were found in the crystallization peaks of CNO (about
13 °C) with respect to time (Fig. 4 Coconut oil).

However, the crystallization peak of CAO (about —40 °C)
presents an increase in enthalpy as a function of time
because the aqueous phase moves to lower crystallization
temperatures as a function of time, coinciding at —40 °C
with the crystallization peak of the CAO (Fig. 5).

In OECNO, water is divided into two main crystalliza-
tion peaks, one at 13 °C, indicating that this fraction of
water can be found relatively free within the system and
another at —40 °C, which corresponds to smaller sizes and
confined droplets (Tables 3 and 4) [25, 26]. Considering
that the freezing is the result of a nucleation phenomenon,
all the drops do not freeze at the equilibrium point, but
their subzero temperatures can be varied depending on
the energy required to access to them [27].

The results obtained in DSC correspond to those
observed in the micrographs. The microstructural
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Table 1 Temperature and
enthalpies values in the
melting profiles of water and
oil in organogelated emulsions
(w/0) with canola and coconut
oil obtained by DSC

Table2 Temperature and
enthalpies values in the
structure loss profiles in
organogelated emulsions
(w/0) with canola and coconut
oils obtained by DSC
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Time (days)  Start (°C) Onset (°C) Maximum (°C)  Stop (°C) Enthalpy (J/g)
Water fusion—OECAO
1 -435+0.21° -2.39+0.05° 0.10+0.13? 7.61+057°  86.05+0.08°
7 —4.28+0.30° —-2.25+0.32° 0.30+0.49 737+090% 83.52+3.64%
14 —4.64+0.00° -2.23+0.112 0.30+0.112 673+1.41%  83.94+6.48%"
21 —4.63+0.20° —242+0.25° 0.20+0.37° 6.79+0.05% 82.66+221%
28 —-4.70+0.30° -1.73£0.212 0.35+0.52° 6.94+0.90% 83.39+0.32°
Water fusion—OECNO
1 -677+039®  —221+0.58° 0.00+0.13? 5.14+037% 73.75+233?
7 -7.12+069°  -2.18+0.36 —-0.13+0.44° 4774025  76.00+0.28%
14 -6.84+0.10°  —-1.97+0.17° —-0.40+0.32? 5.17+0.40%  75.99+0.42%
21 -6.50+0.43° —1.87+0.44° —-0.25+0.40° 4704045  7591+0.57%
28 -6.66+0.45° —1.98+0.06° -0.11+0.112 5.10+£0.49®  75.14+1.06™
Peak 1 oil fusion—OECAQO
1 —-3439+048" —27.01+0.44% -21.77+027° -17.53+0.03* 17.69+0.29°
7 -33.20+061* —27.00+0.46° -21.72+054° —17.62+0.30*° 17.85+0.09°
14 -33.10£0.35% —27.07+0.30° -21.66+0.18° —17.55+0.11*  17.65+0.30°
21 —-33.48+0.01* —27.06+0.05% -2145+038" -17.48+0.13%  17.80+0.02°
28 -33.05+1.81* —27.05+0.22° -21.24+030° —17.640.20° 17.64+0.34°
Peak 2 oil fusion—OECAO
1 —-21.14+0.57 —1943+0.17° -16.43+0.14° -9.07+0.04° 18.95+0.23
7 -21.19+0.62 —19.50+0.08° —16.79+0.06° -9.18+0.20°  19.07+0.16
14 —-20.58+0.53 —19.41+0.08% —16.52+0.40° -9.18+0.00°  18.88+0.61°
21 -20.76+0.30°  —1950+0.03° —16.79+0.08° -9.25+0.50°  19.24+0.45°
28 -21.08+0.66 —19.48+0.14% —-16.56+0.112 -9.16+0.40°  19.24+0.32°
Oil fusion—OECNO
1 13.76 £0.50° 16.24+0.44 23.10+0.08° 27.12+0.10°  42.03+2.43?
7 13.65+0.49° 16.41+0.60° 23.18+0.172 27.42+0.53%  41.29+1.15°
14 13.62+0.67° 15.96+0.19 22.89+0.69° 26.90+0.59°  42.52+0.81°
21 14.10+0.28° 16.24+0.20° 23.29+0.16° 26.81+0.67°  41.93+0.95
28 13.39+0.56 16.15+0.05° 23.13+0.19° 27.13+£0.52°  42.67+0.95°

The DSC values of the coconut (OECNO) and canola (OECAQ) organogelated emulsions are shown. Dif-
ferent literal into the same column indicates significant statistical differences (Tukey < 0.05)

Time (days) Start (°C) Onset (°C) Maximum (°C) Stop (°C) Enthalpy (J/g)
Canola organogelated emulsions
1 48.85+0.51%  51.29+026°  53.94+0.63° 56.78+0.26°®  8.12+0.63°
7 48.98+0.15%°°  51.48+0.61*  53.94+0.77%® 56.74+0.41° 8.14+0.84
14 4835+0.01%°  51.59+0.36%  54.26+0.20%° 57.21+0.33%®  822+0.62°
21 48.36+0.40% 51.56+0.54°  54.07+040%°  57.38+0.20° 8.38+0.45°
28 48.29+0.30° 52.10+£0.27%  54.530.18%%¢ 57.38+0.50°®  8.26+0.24°
Coconut organogelated emulsions
1 47.79+0.60° 4933+0.59°  51.99+0.69"° 56.25+0.09°®  7.14+0.39°
7 47.36+0.60° 4957+0.11°  52.43+0.58" 55.66+0.48®  7.10+0.66°
14 47.33+0.25"¢ 49.46+0.23°  52.44+0.48" 55.91+0.64°®  7.18+0.45°
21 46.76 +0.34°¢ 4895+0.37°  52.82+0.16" 55.73+0.38%®  7.18+0.30°
28 46.66+0.60%°  49.00+0.28°  52.84+0.34° 56.18+0.40° 6.90+0.48°

The DSC values of the coconut and canola organogelated emulsions are shown. Different literal into the

same column indicates significant statistical differences (Tukey <0.05)
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organization of the organogel-emulsions (w/0) over time
forms smaller water droplets, being more confined in the
structured oil phase, which is reflected at a lower crys-
tallization temperature [28]. The division of two peaks
of water crystallization into OECNO may be related to
a greater dispersion of droplet sizes (Fig. 4 water). It is

known that in addition to the storage temperature, the
dispersion of droplet size also affects the morphology of
structured emulsions [27, 28]. Similarly, a smaller droplet
size increases the solubility in the continuous phase, mak-
ing possible the mass transfer between droplets, which is
identified with differences in the enthalpy values.

The mechanism of mass transfer can be influenced by
the presence of surfactants in the continuous medium
that can further increase the solubility [29]. The selection
of a suitable surfactant to the type of emulsion can slow
the mass transfer [30]. found that in emulsions (w/0) a
lower water content resulted in a finer and monodisperse
system with a freezing point at about —40 °C, in which
nucleation was more homogeneous than in systems with
a higher content of water. It was also concluded that there
is an intermediate behavior between the homogeneous
nucleation and the release of water, in which part of the
water crystallized at —40 °C and another part at —27 °C.
Changes in the nucleation and dispersion of droplet sizes
by polymorphic transitions could explain the changes
observed over time in the micrographs (Fig. 2) and the
DSC thermogrames.

3.3 Emulsions mechanical behavior

It was found that the organogel-emulsions of canola and
coconut oils obey the model of the law of potency, with a
behavior index between 0 and 1; thus, it is confirmed that
these systems are pseudo plastic materials (Fig. 6a). Rheo-
logical measurements showed similar behavior for OECAO
and OECNO. The glycerol hydrophilic head is smaller and
less bulky in comparison to PGPR. A less voluminous con-
formation allows the approximation of molecules that can
interact more closely with their neighbors. These interac-
tions are weak forces of short_range (hydrophobic inter-
actions, dipole moment, and H-bonding) that led to the
formation of stronger elastic structures and resistance to
deformation [31-33].

In deformation sweep experiments, it was found that
with saturated medium-chain vegetable oils the mechani-
cal modulus (G" and G") are higher than in systems with
unsaturated long-chain oils (Fig. 6b). The presence of water
droplets between the structured bilayers of MG-oil led to
a less crooked spatial arrangement, which increases the
interaction energy, favoring the stability of the organogel-
emulsions. Also, G' predominated over G”in both systems
during the strain sweep. The complex module (G*) was
graphed against the percentage of deformation, making
a comparison between oils inside the linear viscoelasticity
range (LVR) (Fig. 6¢). It was found that LVR is wider in the
coconut organogel-emulsion (0.223% strain) compared to
the canola one (0.043% strain) (Fig. 6¢, d).
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Table 3 Temperature and
enthalpies values in the
crystallization profiles of water
and oil in organogelated
emulsions (w/o) with canola oil
obtained by DSC

Table 4 Temperature and
enthalpies values in the
crystallization profiles of water
and oil in organogelated
emulsions (w/o) with coconut
oil obtained by DSC
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Time (days)  Start (°C) Onset (°C) Maximum (°C) Stop (°C) Enthalpy (J/g)
Peak 1 water crystallization—OECAO
1 -20.56+042% —2045+0.01° —22.10+0.05% —23.87+0.08°  1.90+0.04%
7 -21.89+051® —2204+036° -22.62+0.35® —23.97+0.08° 1.84+0.19°
14 -2238+002° —2264+0.16° -22.99+003° —23.08+0.07 0.89+0.40°

Peak not detected after day 14
Peak 2 water crystallization—OECAO

1 —2435+036° —24.87+0.10° —2739+0.00° —36.08+0.06°  49.7+0.69°
7 —2439+020° -2478+0.13 -2661+0.16> —30.63+020°  152+0.35°
14 —2481+001° —2544+0.15° —27.18+0.20%® —30.08+0.02° 3.60+0.64°

Peak not detected after day 14
Peak 3 water crystallization—OECAO

1 -36.92+035° —-3821+039° -39.16+0.01° -40.66+0.08°  2.42+0.08°
7 -3576+039°  —36.14+0.07° -37.24+0.62?® —39.02+0.59° 2.49+0.01°
14 -3291+060° -3638+0.08° —3673+0.617 -3897+034*  442+1.70°
21 -31.06+0.61*  —-3232+0.13* -3528+0.66° —38.85+0.16° 14.59+1.15°

Peak not detected after day 21
Oil crystallization—OECAO

1 —-38.17+0.79° —38.75+046% —4179+020" —-4632+0.01 31.06+0.08°
7 —38.87+0.80° —-39.18+0.58" —42.01+0.90° —46.19+0.29° 30.88+1.05°
14 —38.80+0.70° —39.01+0.86 —41.04+0.78"° —4548+0.90° 57.36+151¢
21 —38.24+0.09° —38.57+042* -40.70+0.44° —4527+0.40°  66.20+3.04°
28 —-36.68+0.09° —-3829+0.30° -40.23+0.11° —4548+0.50°  75.87+1.40°

The DSC values of the canola (OECAO) organogelated emulsion are shown. Different literal into the
same column indicates significant statistical differences (Tukey <0.05)

Time (days)  Start (°C) Onset (°C) Maximum (°C)  Stop (°C) Enthalpy (J/9)
Peak 1 water crystallization—OECNO
1 —15.29+0.20° —1543+0.19°° —17.41+0.25¢ —18.85+0.40° 1.44+1.36°
7 -1622+£0.11°  —1636+0.11° —1569+0.07° —2045+047°  43.17+0.75°
14 —15.94+£049° —1620+0.30° —1578+0.04° —1883+0.38° 46.26+151°
21 -1471£038° —14.83+039° —1387+0.37° —1739+044> 50.87+0.44°
28 -1056+0.35%  —10.77+032% —10.03+0.28° —1277+0.16°  53.27+0.54°
Peak 2 water crystallization—OECNO
1 —24.55+0.03 —25.86+0.03 -27.99+0.04 —30.31+0.06 4.04+0.38

Peak not detected after day 1
Peak 3 water crystallization—OECNO

1 —-3574+0.18  —37.67+0.14% —4047+003° —4394+027° 16.74+0.21°
7 -3830+0.20° —-38.99+0.15° —4059+0.30° -43.60+0.25"° 14.75+0.54°
14 —37.98+047° —39.17+0.32° —40.92+0.32° —-42.63+029°  1532+0.35°
21 —3741+£054° —3886+0.22° —41.05+0.28° —43.08+047®® 14.85+0.31°
28 -37.20+0.04°> -3897+0.14®° —4085+0.21° -4290+0.28"° 1555+0.18%
Oil crystallization—OECNO
1 16.15+0.53? 15.28+0.50° 13.51+0.15 740+027°  65.38+0.59°
7 16.04+0.29? 15.00+0.35 13.97+0.13? 824+0.48  65.76+0.52°
14 15.63+0.32 14.59+0.44 13.44+0.23? 7.86+0.19°  63.20+0.14°
21 15.65+0.35° 14.70+0.30 13.73+0.18? 865+0.49°  66.56+0.09°
28 15.63+0.33? 14.63+0.39 13.87+0.012 749+0.13%  65.25+2.47°

The DSC values of the coconut (OECNO) organogelated emulsion are shown. Different literal into the
same column indicates significant statistical differences (Tukey <0.05)
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Fig.6 Mechanical behavior of organogel-emulsions (w/o). Deter-
mination of the type of material (a), deformation sweep (b), linear
viscoelasticity range (LVR) (c), and mechanical stability as a function

No significant differences were found in the LVR dur-
ing the experimental time (28 days) in both systems. The
phase angles in LVR for both emulsions showed values
between 0 and 45 confirming that a semi-solid is obtained
at relatively weak stresses.

A central value of G* was taken into the LVR and eval-
uated as a function of time for CAO and CNO systems
(Fig. 6d). A linear behavior by G* with respect to time was
observed indicating important stability of its mechanical
behavior for 28 days regardless of the type of oil (Fig. 6d).
Shear and recovery tests were performed for each system
during the time evaluated. Recovery percentages were
obtained at about 100% with minimal variations in OECAO
and no significant differences in OECNO with related to
time. The rheological properties and the mechanical
stability of structured emulsions (w/0) in the long term
depending on the physical aging of the crystalline net-
work by compaction of the structures, the speed at which
these changes occur, and their capacity for retaining the
dispersed phase during its restructuring. The aging of a
crystalline network will depend in turn on the growth
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of time (D). Organogel-emulsions canola oil (OECAO), organogel
emulsions coconut oil (OECNO)

of crystals and their aggregation; this in sequence will
depend on the composition of the system, as well as the
storage conditions [34, 35].

4 Conclusion

Organogel-emulsions are metastable systems, which
mean that although there may be constant changes in
their morphology, they do not necessarily promote phase
separation in all cases. The low concentration of dispersed
aqueous phases in conjunction with the presence of PGPR
and MG, in relatively high-temperature storage (25 °C)
could influence inverse laminar packing. Therefore, water
droplets trapped in the center of the MG-oil bilayers may
be considered a “metastable association”. The presence of
surfactants and the glycerol group of the MG molecules
could reinforce the interfacial film surrounding the water
droplets, preventing their release during the polymorphic
transitions of the MG structured with the oil phase after
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28 days, and even being able to slow down their micro-
structural changes.
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