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Abstract The aim of this work was to evaluate the effect
of Quratea sp. butter (OB) on crystallinity of solid lipids
used in nanostructured lipid carriers systems. Firstly, the
composition of fatty acids in OB was evaluated by trans-
esterification reaction for gas chromatography fatty acid
methyl ester analysis. The solid lipids such as stearic acid
(SA), beeswax (BW) and carnauba wax (CW) were sub-
mitted to recrystallization process (heating—cooling).
Moreover, binary mixtures between solid lipids and OB
were prepared in ratio 1:1 (w/w) by heating of the com-
ponents above the melting point followed by cooling at
room temperature. Thus, the samples were characterized by
differential scanning calorimetry (DSC), thermogravimetry
(TG), X ray diffraction (XRD) and hot-stage polarized
optical microscopy (HSPOM). DSC curves showed a shift
of the melting point to lower temperatures in the lipid
mixtures with OB. TG data suggested a thermal stability
reduction in the lipid mixtures containing SA and CW and
an increase thermal stability in the mixture containing BW.
XRD data confirmed DSC results, showing a reduction in
intensity of main diffraction peaks of the lipid mixtures and
a presence of the amorphous portion in angle 20: 22°.
Finally, HSPOM demonstrated that the microstructures of
solid lipids decreased in size and thickness in the mixtures
containing OB at room temperature and slightly before the
melting point, confirming previous characterizations. These
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results suggest that lipid mixtures with OB present a lower
crystallinity, and it is expected that amorphous portion
facilitates drug incorporation, for example.
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Introduction

Over the years, pharmaceutical and cosmetic industries
have made efforts to introduce new natural raw materials in
the product development [1]. Recently, it was observed in
northeast Brazil (Rio Grande do Norte—Latitude —05° 47’
42" and Longitude —35° 12’ 34”) the usage of seeds from
Ouratea sp. tree by local people. After a rudimentary
extraction procedure, butter can be obtained, which is
generally used in food preparations. It is worth to mention
that Ouratea sp. butter might be composed of saturated and
unsaturated fats such as, essential fatty acids (e.g., oleic,
palmitic and linoleic acids). These fatty acids can act as a
potential emollient improving barrier function of the stra-
tum corneum and consequently preventing transepidermal
water loss (TEWL) favoring cutaneous hydration [2, 3]. In
addition, vegetable oils and fats such as Ouratea sp. butter
have recently been investigated in nanostructured formu-
lations [4].

Therefore, Ouratea sp. butter (OB) becomes a potential
lipid component in the nanostructured lipid carriers (NLC)
development. NLCs, the second generation of lipid
nanoparticles, consists in nanometric particles obtained
from lipid mixtures between solid and semisolid or liquid
lipids dispersed in a surfactant solution, maintaining solids
at body and room temperature [5, 6].
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The main advantages of these systems include protec-
tion of labile substances from chemical degradation, con-
trol of release of substances due to the solid state of the
lipid matrix, low toxicity and formation of films over the
skin showing occlusive properties [7-9].

The selection of the lipid mixture is crucial step for the
NLC production with physicochemical characteristics
suitable for its application. It has been reported that lipid
mixture presents a great impact in the chemical stability of
bioactive substances [10, 11]. Moreover, the addition of
oil or fats to a solid lipid creates a less ordered crystal
lattice with an increased number of imperfections, which
can accommodate drug clusters, for example. In selecting
lipids for NLC development, it is necessary to consider
the compatibility between solid and liquid lipids. Kasongo
and co-workers [12] wused the differential scanning
calorimetry (DSC) in order to determine the interaction
between solid and liquid lipids in a binary mixture. The
stability related to chemical degradation (e.g., oxidation
and lipolysis) of the lipid phase should be considered as
well. Furthermore, the lipids should be biodegradable, be
non-toxic and be capable of producing particles in nano-
metric range [8, 12, 13].

Thus, the aim of this work is to evaluate the effect of the
Ouratea sp. butter in the crystallinity of solid lipids used in
nanostructured lipid carriers systems by differential scan-
ning calorimetry (DSC), thermogravimetry (TG), X ray
diffraction (XRD) and hot-stage polarized optical micro-
scopy (HSPOM).

Materials and methods
Materials

Stearic acid, beeswax and carnauba wax were purchased at
Dinamica. Ouratea sp. butter was kindly provided by Raros
Naturals® (Macaiba/RN Brazil).

Ouratea sp. butter composition by FAME analysis

The composition of fatty acids in Ouratea sp. butter was
evaluated by transesterification reaction for gas chro-
matography fatty acid methyl ester (FAME) analysis as
previously described by Masood et al. [14]. Butter samples
(10.0 £ 0.1 mg; n =3) were mixed with methanol
(1.75 mL), heneicosanoic acid 1 mg mL~!  (C21:0;
100 pL) and acetyl chloride (100 pL), and heated for
60 min at 100 °C. After cooling, hexane (1.5 mL) was
added and the tubes were vortexed for 1 min and cen-
trifuged at 1500x g for 2 min at 4 °C. The upper organic
phase was collected, and the samples were extracted again
with hexane (0.7 mL). The upper organic phase was
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collected, combined and evaporated under nitrogen to
dryness, and the dry residue was then dissolved in 500 pL
of hexane. Individual FAMEs were analyzed by injecting
1 pL of the sample into a GC with flame ionization
detection on a Trace 1310 (Thermo Scientific) using a
capillary column (DB-FFAP, 15m x 0.1 mm
ID x 0.1 um film thickness, Agilent Technologies). The
temperature program started with an initial temperature of
150 °C with a 0.25-min hold, which was increased with
35 °C min~"' t0 200 °C, 8 °C min™" to 225 °C with a 3.2-min
hold, and then 80 °C min~! to 245 °C followed by an
4.75-min isothermal period. Additional instrumental con-
ditions: hydrogen/nitrogen was used as carrier gas at con-
stant pressure of 345 kPa. FID set at 250 °C, air and
nitrogen makeup gas flow 350 and 40 mL min~"'; split
ratio at 30:1; autosampler injections of 1-puL. volume. Run
time for a single sample was 13 min. FAME was identified
by direct comparison with a FAME standard mix (Supelco
37 Component FAME Mix; Sigma-Aldrich), and each
individual peak was integrated and normalized by the
internal standard. The percentage of individual FAME was
calculated in relation to the total area of FAME peaks.

Sample preparation

The solid lipids, stearic acid (SA), beeswax (BW) and
carnauba wax (CW) were heated, above their melting
points of 58, 63 and 82 °C, respectively. Thereafter, they
were cooled to room temperature (recrystallization pro-
cess). To prepare the binary mixtures, the solid lipids (SA,
BW, CW) and the OB were heated and melted at the
temperature of 85 °C, then mechanically mixed for 5 min,
subsequently cooled down, and mixed until solidification.
The binary mixtures were prepared in the 1:1 ratio, since
this is the optimal concentration, resulting in a mixture of
crystals with a high degree of disorder [15]. After these
procedures, the samples were sent to characterizations.

Characterizations: differential scanning calorimetry
(DSC)

DSC curves were obtained using DSC 2010 TA Instru-
ments equipment. The analysis were performed in the
range of 25-200 °C, under heating rate of 10 °C min~" and
dynamic nitrogen atmosphere (50 mL min~') using
approximately 3 mg of the sample in aluminum crucibles.

Thermogravimetry (TG)

TG analysis was performed by using TA Instruments TG/
DTA 2960 SDT equipment. TG curves were acquired in
the range 25-800 °C, under heating rate of 10 °C min~!
and under dynamic nitrogen atmosphere (50 mL min~")
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using approximately 10 mg of the sample in platinum
crucibles.

X ray diffraction (XRD)

X ray diffraction analysis were performed in Rigaku
diffractometer using Co K, (4 = 1.79 A), 40-kV voltage
and 30 mA. The measurements were obtained in the range

10°-80° and scanning rate of 1° min™".

Hot-stage polarized optical microscopy (HSPOM)

The samples such as, SA, BW, CW and their binary mix-
tures with OB were examined under a polarizing light with
an Ortoplan—Pol model by Ernst Leitz GmbH microscope,
coupled to a digital camera Kodak (DC4800 model) and
equipped with an in situ hot stage (two-stage system for
temperature control HS1 model by Instec Co.). The sam-
ples were deposited between two glass plates to obtain
specimens with similar thicknesses (under 10 um). In order
to compare them with the DSC experiments, the samples
were heated above their melting point and then cooled to
room temperature and then re-heated above melting point.
Observations from the first cooling and second heating
were recorded [16]. All samples were observed using 20 x
magnification.

Results and discussion

On the basis of results obtained in the analysis of the
Ouratea sp. butter composition, nine fatty acids were
identified (Table 1). The predominant fatty acids were
C16:0 palmitic (34.7 %), C18:1n-9 oleic (31.8 %), C14:0
miristic (14.4 %) and C18:2n-6 linoleic (11.6 %), and
minor amounts of other fatty acids such as, C18:0 stearic
(4.2 %), C12:0 lauric (1.9 %), C17:0 margaric (0.3 %),

Table 1 Fatty acid composition of raw Ouratea sp. butter obtained
from FAME analysis

Fatty acids (% of total fatty acids) in raw Ouratea sp. butter

C12:0—lauric 1.9 £ 0.01
C14:0—miristic 144+ 0.3
C16:0—palmitic 347 £ 0.6
C17:0—margaric 0.3 £ 0.01
C18:0—stearic 42 £+ 0.1
C18:1n-9—oleic 31.8 £ 04
C18:2n-6—linoleic 11.6 £ 0.9
C18:3n-3—a-linolenic 0.1 £ 0.01
C20:1n-9—eicosenoic 0.2 £ 0.01

* Standard deviation

C18:3n-3 a-linolenic (0.1 %) and C20:1n-9 eicosenoic
(0.2 %) were identified. These results are in agreement
with Attama et al. [17] where long-chain fatty acids
ranging from Cl4 to C24 are common to animal and
vegetable oils and fats.

DSC is an important tool to characterize raw materials
used in NLCs formulations, providing information related to
physical state and crystallinity of the sample through ther-
mal behavior. This technique also allow us to evaluate the
main process parameters used in the NLCs preparation once
the lipid mixture is heated and after cooled (recrystallized)
for NLCs formation [18]. Based on NLCs preparation pro-
cess, the solid lipid underwent recrystallization process
(heating—cooling) in order to evaluate possible modifica-
tions during the NLCs production process.

DSC curves regarding solid lipids before and after
recrystallization process are shown in the Fig. 1. SA pre-
sents only one endothermic peak in the range of 40-65 °C
(Tpeak ~ 58 °C), which is related to melting point [19, 20].
In the Fig. 1, it is also possible to observe that even after
recrystallization process the SA does not present great
changes in the melting point (58 °C). According to Desai
et al. [21], these observations refer to the ability of SA to
return to its original crystalline form, after recrystallization.
Like SA, BW and CW do not present changes in the
melting point (Tpeac ~ 63 and 82 °C, respectively) as well
[16, 22]. These results make SA, BW and CW potential
solid lipids for NLCs formulations [23]. Given that due to
the high melting point of CW compared with others, the
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Fig. 1 DSC curve before (solid line) and after (dash line) recrystal-
lization process of the stearic acid (a), beeswax (b), carnauba wax (c)
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use of CW can be limited for some NLCs preparations
methods like solvent diffusion method.

Figure 2 demonstrates that OB has four endothermic
events: 1° in the range of 3040 °C (Tpeax ~ 35 °C), 2°in
the range of 40-50 °C (Tpeax ~ 48 °C), 3° in the range of
50-68 °C  (Tpeak ~ 60 °C) and 4° in the range of
70-80 °C (Tpeax ~ 75 °C). From the OB composition
analysis, it was possible to suggest that these endothermic
events probably correspond to lauric, myristic, palmitic
and stearic acids, which present melting points approxi-
mately at 44.9, 54.7, 63 and 71.2 °C, respectively [24-26].

DSC curve of the physical mixture between SA + OB
(e) showed an overlapping of the two isolated compounds
curves, which SA endothermic peak presented a slight shift
to lower temperature (Tpeax ~ 50 °C), and other
endothermic peak (Tpeax ~ 34 °C) related to OB showed a
slight shift to lower temperature as well. Moreover, phys-
ical mixture between BW + OB and CW 4 OB also
showed an overlapping of the compounds in which solid
lipids (BW and CW) endothermic peaks (Tpeax ~ 58 and
80 °C, respectively) and other endothermic peak related to
OB endothermic event (30 and 34 °C). These shifts to
lower melting temperatures in the physical mixtures sug-
gest that OB promoted a crystalline disorder in the lipid
matrix [17]. According to Villalobos-Hernandez and Miil-
ler-Goymann [22], these results are due to the presence of a
semisolid or liquid lipid, which prevents entire crystal
rearrangement of solid lipids.

TG curves related to solid lipids before and after
recrystallization are shown in Fig. 3. This figure represents
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Fig. 2 DSC curve of the Ouratea sp. butter (d), physical mixtures:

butter + stearic acid (e), butter 4+ beeswax (f), butter + carnauba
wax (g)
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mass variation of solid lipid samples (SA, BW and CW)
before and after recrystallization. SA has shown two losses
in mass, the first in the range of 161-306 °C
(Amy = 79.63 % Tpeax DTG ~ 267 °C) and the second in
the range of 306-410°C (Am, =16.56 % Tpeux
DTG ~ 380 °C) both characteristic of SA decomposition.
In addition, BW presented only one loss in mass in the
range of 180480 °C (Amy = 99.5 % Tpeak
DTG ~ 396.7 °C). CW also showed only one loss in mass
in the range of 250-500°C (Am; =985 % Tpeax
DTG ~ 426.1 °C). It is suggested that even after recrys-
tallization process, great changes in thermal degradation
were not present for solid lipids [27].

OB showed two main loss in mass, first in the range of
240-270 °C (Am; = 1.21 % and Tpeqc DTG ~ 259 °C) and
second in the range of 300483 °C (Am, = 97.06 % and
Toeak DTG ~ 414 °C). In the TG curves of physical mix-
ture between OB and SA, it was possible to observe three
losses in mass: 1° in the temperature range of 156-306 °C
(Am; = 41.10 % and Tpec DTG ~ 258 °C), 2°in the range
of 306424 °C (Amy = 52.62 % and Tpeax DTG ~ 399 °C)
and 3° in the range of 424-466 °C (Ams = 4.52 % and Tpeax
DTG ~ 446 °C). In addition, physical mixtures of
OB + BW and OB + CW presented only one mass loss
event in the range of 180480 °C (Am; = 99.5 % Tpeax
DTG ~ 409 °C) and 250-500 °C (Am; = 98.5 % Tpeax
DTG ~ 410 °C). Although TG data suggest a decrease in
thermal stability in the lipid mixture containing SA and CW,
anincrease in thermal stability was observedinthe OB + BW
mixture when compared with pure solid lipids [27] (Fig. 4).

100 200 300 400 500 600 700 800
Temperature/°C

Mass/%

C

100 200 300 400 500 600 700 800
Temperature/°C

Fig. 3 TG curve before (solid line) and after (dash line) recrystal-
lization process of the stearic acid (a), beeswax (b) and carnauba wax
(c) (Inset derivative thermogravimetric curves of the samples)
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Fig. 4 TG curve of the Ouratea sp. butter (d), physical mixtures:
butter + stearic acid (e), butter + beeswax (f), butter + carnauba
wax (g) (inset derivative thermogravimetric curves of the samples)

X ray diffraction corresponding to solid lipids before
and after recrystallization is shown in the Fig. 5. Solid
lipids presented main diffraction peaks at 26 angle of SA
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Fig. 5 X ray diffraction before (solid line) and after (dash line)
recrystallization process of the stearic acid (a), beeswax (b) and
carnauba wax (c)

(23.87°; 25.00°; 27.92°), BW (22.55°; 25.14°; 28.04°) and
CW (25.28°; 27.92°). It is important to stress that even
after recrystallization process, great changes in the main
diffraction peaks of solid lipids were not observed, con-
firming data obtained from DSC analysis.

OB presented a broad peak and other small peak at 20
angle of 20° and 23°, respectively. Moreover, lipid
mixtures between OB and solid lipids demonstrated that
there occurred an overlapping of diffraction profiles with
predominance of peaks observed in pure solid lipids.
Additionally, these lipid mixtures presented a small
amorphous portion about at 26 angle of 22° which does
not appear in the pure lipid solids. According to Attama
and Miiller-Goymann [28], these results suggest that lipid
matrix formed has lower crystallinity and it is expected
that amorphous portion facilitates drug incorporation, for
example. Furthermore, it has a decrease in the main
diffraction peaks intensities of the lipid mixtures con-
taining OB when compared with solid lipids, highly
ordered.

XRD analysis confirmed data obtained from DSC in
which lipid mixtures with OB demonstrated melting point
shifts to lower temperatures in comparison with pure solid
lipids (Fig. 6).

HSPOM is an analytical technique used in the charac-
terization of lipids to observe the microstructural changes
in fats during melting, as the lipid passes from crystalline
phase to isotropic phase [17]. Figure 7 presents the samples
OB (a), the solid lipids SA (b), BW (d), CW (f) and their
physical mixtures with OB (c, e, g, respectively) at room
temperature (RT), slightly before and after the melting

Intensity/a.u.

26
Fig. 6 X ray diffraction of the Ouratea sp. butter (d), physical

mixtures: butter + stearic acid (e), butter + beeswax (f), but-
ter + carnauba wax (g)
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Fig. 7 Optical micrographs
performed in HSPOM
corresponding to complete
crystallization process from 85
to 25 °C (room temperature—
RT) of the Ouratea sp. butter
(a); the pure solid lipids, stearic
acid (b), beeswax (d), carnauba
wax (f) and their binary
mixtures in the ratio of 1:1
butter + stearic acid (c),

butter + beeswax (e),

butter + carnauba wax (g). Bar
represents 100 um

@ Springer
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point. The OB presents an isotropic phase in all tested
temperatures. At RT, the microstructure appears highly
ordered in pure solid lipids, as well as, beforehand char-
acterizations. SA and BW exhibited needle-shaped struc-
ture, and CW clearly presented maltese cross-characteristic
of lamellar structure. In both RT and slightly before the
melting point, these microstructures decreased in size and
thickness in the mixtures containing OB, suggesting a
lower crystallinity as it was observed at the previous
characterizations. Likewise, after the melting point in all
samples, these microstructures disappear with increasing
temperature leaving the place to an amorphous state (iso-
tropic phase) (Fig. 7).

Conclusions

Based on the results in this work, it is possible to conclude
that even after recrystallization the solid lipids remained its
crystal structure. In addition OB was capable of decreasing
solid lipids (SA, BW and CW) crystallinity. From DSC
analysis, it was observed that lipid mixtures with OB pre-
sented melting point shifts to lower temperatures when
compared with pure solid lipids. TG data suggested a
decrease in thermal stability of lipid mixtures containing
SA and CW, but an increase in the thermal stability of
mixture containing BW. XRD data showed a decrease in
the main diffraction peaks in the lipid mixtures containing
OB when compared with highly ordered solid lipids, as
well as, the presence of an amorphous portion at 26 of 22°.
Furthermore, these results confirmed the data obtained
from DSC in which lipid mixtures presented melting point
shifts to lower temperatures when compared with pure
solid lipids. Finally, HSPOM demonstrated that the
microstructures of solid lipids decreased in size and
thickness in the mixtures containing OB, suggesting a
lower crystallinity as well. Thus, it is suggested that lipid
matrix has a lower crystallinity and it is expected that
amorphous portion facilitates drug incorporation, for
example.
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