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a  b  s  t  r  a  c  t

Pterodon  emarginatus  Vogel,  Fabaceae,  is  a great  source  of  bioactive  compounds.  The  most  known  and
studied  herbal  derivative  from  this  species  is  an  ambar-colored  oleoresin  that  contains  vouacapane
diterpenes  and  volatile  terpenoids,  such  as  �-caryophyllene.  Some  recent  papers  aimed  to generate
nanoemulsions  using  this  oleoresin  for biological  applications.  However,  they  used  high-energy  meth-
ods  that  elevate  costs  of  the  process  or heating  procedures,  which  offer the  disadvantage  of  possible
volatile  substances  loss.  Thus,  as part  of our  ongoing  studies  with  nanobiotechnology  of natural  prod-
ucts,  especially  regarding  preparation  of  nanoemulsions  with  promising  plant-based  oils  by  low  cost
and  low  energy  methods,  we  decided  to evaluate  the  ability  of non-heating  and  solvent-free  method  to
generate  P. emarginatus  oleoresin-based  nanoemulsions.  Two  non-ionic  surfactants  were  used  to  gen-
erate  the  nanoemulsions  by a simple  homogenization  method  with  vortex  stirrer.  Low  mean  droplet
size  (<180  nm)  and  low  polydispersity  index  (<0.200)  were  observed  even  after  one day  of  preparation.
The  low  coefficient  of  variation  for the  analyzed  parameters  of different  batches  and  similar  profile  for
droplet  size  distribution  suggested  reproducibility  of  the  method.  After  30  days,  some  degree  of  droplet
growth  was  observed  on  nanoemulsion  prepared  with  polyethyleneglycol  400  monooleate,  while  almost
no  alteration  was  observed  for nanoemulsion  prepared  with  polysorbate  85.  Programmed  temperature

ramp  analysis  revealed  that  no  major  effects  on  droplet  size  and  polydispersity  index  were  observed,
suggesting  the robustness  of formed  nanoemulsions.  Thus,  the present  study  shows  for  the  first  time  the
formation  of  sucupira-based  nanoemulsions  by a simple,  low  cost  and  ecofriendly  method.  This study
opens  new  perspectives  for bioactive  evaluation  of  this  novel  nano-product.

© 2017  Sociedade  Brasileira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
he  CC
access  article  under  t

ntroduction

Pterodon emarginatus Vogel belongs to the family Fabaceae and
t is widespread in Midwest region of Brazil, being also found
n South-Eastern, Northeast and North regions (Lima and Lima,
016). Its fruits, as well as those from other Pterodon species,
re commonly known as sucupira-branca. This plant part is used
or extraction of an oleoresin that has vouacapan diterpenes and

esquiterpenes. Sucupira-branca oleoresin has several biological
roperties, including analgesic, antiinflammatory, antinoceptive
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and larvicidal activities (Hansen et al., 2010; Hoscheid and Cardoso,
2015).

Natural products from plant origin have been subjected to
several studies aiming to generate novel nanotechnology-based
bioactive systems. Regarding several types of nano-size formu-
lations, herbal oils (including oleoresins) are very interesting for
nanoemulsion preparation (Zorzi et al., 2015). Nanoemulsions are
kinetic stable disperse systems constituted by two immiscible liq-
uids, often stabilized by surfactant (s). The droplet diameter is
on the nanometer range, often ranging from 20 nm to different
upper limits (e.g. 500, 300, 200 and 100 nm), that varies accord-

ing to author criteria (Solans and Solé, 2012). High-energy methods
involved on nanoemulsion formation often make use of high energy
devices that elevate costs of the process, such as high pressure
homogenizers or ultrasonicators. Spontaneous energy methods
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Fig. 1. Nanoemulsions prepared with oleoresin extracted from Pterodon emargina-
02 A.E. Oliveira et al. / Revista Brasileir

nvolve utilization of volatile organic solvents that may  not be con-
idered ecofriendly, considering their potential toxicity. Moreover,
t is necessary to remove this component of the nanoemulsification
rocess. Low-energy methods make use of intrinsic character-

stics of the system, often involving phase inversion (Sugumar
t al., 2016). Most common phase inversion methods are associ-
ted to phase transitions induced by change in temperature (phase
nversion temperature – PIT) or composition (phase inversion com-
osition – PIC) (Solans and Solé, 2012).

Growing interest is observed for nanobiotechnology studies
ith oleoresin from sucupira-branca (Hoscheid et al., 2015; Pascoa

t al., 2015; Oliveira et al., 2016). The oleoresin obtained from
he fruits of P. emarginatus that was used in the present study
ave been previously submitted to chemical characterization.
hromatographic analysis carried out using HPLC-DAD and com-
arison to authentic external standards revealed the presence
f methyl 6�,7�-dihydroxyvouacapan-17-�-oate, geranylgeraniol
nd �-caryophyllene, being in accordance with phytochemical pro-
le of the genus (Oliveira et al., 2016). Thus, it is worth mentioning
hat utilization of a phase inversion temperature may lead some
ost of volatiles, even if it is able to generate fine droplets. The
resent study aims to investigate the possibility of generating P.
marginatus oil in water nanoemulsions using a simple low energy,
on-heating and solvent-free approach that can be considered very
romising for development of viable, low cost and ecofriendly
anoproducts with this natural raw material.

aterial and methods

Pterodon emarginatus Vogel, Fabaceae, fruits were obtained at
he Central Market of Goiânia, GO, Brazil, and were identified by
r. José Realino de Paula. Voucher specimen was  deposited at

he Herbarium of Goiás Federal University (GO, Brazil) under the
egister number 41714. The oleoresin was previously obtained
rom fruits by cold pressing, being stored in amber glass flask
nd kept at −20 ◦C (Oliveira et al., 2016). Prior to utilization, the
leoresin was left under room temperature for two days and it
as centrifuged to remove non-soluble compounds. Oil in water
anoemulsions were prepared by blending non-ionic surfactant
polysorbate 85, Sigma–Aldrich, St Louis, MO,  or polyethylenegly-
ol 400 monooleate, Praid, SP, Brazil) and P. emarginatus oleoresin
t a fixed surfactant to oil ratio (9:1). After complete homogeniza-
ion of the oily phase (surfactant + oleoresin), distilled water was
lowly added dropwise to this mixture under vigorous agitation
sing a vortex stirrer. Each emulsion presented final mass of 10 g
nd 90% (w/w) of water. Dynamic light scattering (DLS) analysis was
arried out using a Zetasizer Nano ZS, Malvern, UK) equipped with

 10 mW “red” laser (� = 632.8 nm)  and samples were measured at a
0◦ scattering detector angle for size measurements. The effects of
ilution on mean droplet size, polydispersity index (pdi) and zeta
otential were performed using different dilutions factors (1:10,
:25, 1:50 and 1:100). Reproducibility of the nanoemulsion for-
ation was carried out by preparating of three different batches of

he nanoemulsions. Nanoemulsions were also subjected to analysis
sing a programmed linear ramp of temperature starting from 25 ◦C
o 80 ◦C at 5 ◦C intervals. Results are expressed as mean ± standard
eviation.

esults and discussion

Pterodon emarginatus oleoresin-based nanoemulsions prepared

ith polysorbate 85 or polyethyleneglycol 400 monooleate pre-

ented a fine aspect with bluish reflect (Fig. 1A and B) that is
haracteristic for this type of colloidal system. Based on our ongo-
ng studies with natural oils and oleoresins, we have observed that
tus  fruits and non-ionic surfactants at day 0: (A) polyethyleneglycol 400 monooleate
or  (B) polysorbate 85 and day 30: (C) polyethyleneglycol 400 monooleate or (D)
polysorbate 85.

it is easier to form oil in water nanoemulsions using a system con-
stituted by large amounts of water (90–95%). Moreover, it is well
established that increasing surfactant to oil ratio often enhances
kinetic stability by reducing the droplet size (Ostertag et al., 2012;
Komaiko and McClements, 2015). Since we  aimed to evaluate if it is
possible to generate nanoemulsions using low energy, non-heating
and solvent-free method, we opted to use this ratio as a background
composition.

Several dilutions were performed just afterwards the prepa-
ration of P. emarginatus oleoresin-based nanoemulsions with
polysorbate 85 or polyethyleneglycol 400 monooleate (Table 1).
Higher mean droplet size and polydispersity index (pdi) were
observed at the dilution ratio of 1:10, for nanoemulsions pre-
pared with both surfactants, which also presented lower zeta
potential (in module). On another hand, no major differences
were observed for mean droplet size on the remaining dilution
ratios (1:25, 1:50 and 1:100), which were around 160–170 nm
for both nanoemulsions. Slightly lower polydispersity index was
observed for nanoemulsion prepared with polysorbate 85, which
was around 0.111–0.122, while pdi of droplets from nanoemulsion
prepared with polyethyleneglycol 400 monooleate were around

0.149–1.152. Zeta potential of these nanoemulsions ranged from
−21.9 ± 0.5 mV (dilution ratio 1:25 for nanoemulsion prepared
with polysorbate 85) to −28.7 ± 0.7 mV  (dilution ratio of 1:100 of
nanoemulsion prepared with polyethyleneglycol 400 monooleate).
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Table  1
Effect of dilution on droplet size, polydispersity index (pdi) and zeta potential of nanoemulsions prepared with oleoresin extracted from Pterodon emarginatus fruits and
non-ionic surfactants (polyethyleneglycol 400 monooleate or polysorbate 85). Each measurement represents mean ± standard deviation. Each analysis was performed in
triplicate.

Dilution Polysorbate 85 Polyethyleneglycol 400 monooleate

Size (nm) Pdi Zeta (mV) Size (nm) Pdi Zeta (mV)

1:10 224.6 ± 0.6 0.265 ± 0.008 −16.1 ± 0.3 176.5 ± 1.8 0.188 ± 0.014 −20.1 ± 0.4
 ± 0.5
 ± 0.1
 ± 1.2
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1:25  166.7 ± 1.8 0.113 ± 0.011 −21.9
1:50  164.4 ± 0.5 0.122 ± 0.001 −24.9
1:100  163.5 ± 0.2 0.111 ± 0.015 −26.2

ilution prior to droplet size distribution analysis is considered a
ritical parameter and optimized dilution factor should be deter-
ined, in order to avoid multiple scattering effects. Moreover,

ilution of previously prepared nanoemulsions has been consid-
red an important parameter that affects stability and droplet
rowth of nanoemulsions (Saberi et al., 2013a,b, 2014). Considering
hat more concentrated stock nanoemulsion should be preferred
or further dilutions in practical applicable products and since
o major difference was observed for most of them, we  decided
o further investigate effect of storage or temperature using the
anoemulsion at 1:25 dilution.

After 30 days of storage, the nanoemulsion prepared with
olyethyleneglycol 400 monooleate (1:25 dilution factor) pre-
ented a slight creaming (Fig. 1C), while the nanoemulsion prepared
ith polysorbate 85 (1:25 dilution factor) maintained the visual

ppearance (Fig. 1D). It was observed that mean droplet size
nd polydispersity index of the nanoemulsion prepared with
olyethyleneglycol 400 monooleate presented major increase
Fig. 2A and B). On another hand, lower increased on mean droplet
ize (181.5 ± 0.9 nm)  and polydispersity index (0.111 ± 0.012) was
bserved for nanoemulsion prepared with polysorbate 85, show-
ng a similar profile of droplet size distribution, when compared to
ay 0 (Fig. 2C and D). The surfactant type is a major parameter on
anoemulsion formation and stabilization. On this context, inves-
igations regarding surfactant concentration are very important
or development of optimal nanoemulsions (Guttoff et al., 2015).
onsidering that we opted on this study for a fixed surfactant to oil
atio, it is worth mentioning that differences between the surfac-
ants may  be responsible by differences on droplet size growth and
anoemulsion stabilization.

Fig. 3 shows the influence of temperature on droplet size dis-

ribution and zeta potential. Analysis of mean droplet size of
anoemulsion prepared with polysorbate 85 as function of tem-
erature revealed that it remained almost constant from 25 to
5 ◦C (around 170 nm). Then, it rapidly decreased, being around
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ig. 2. Droplet size distribution of nanoemulsions prepared with oleoresin extracted fro
/(B)  day 30; and polysorbate 85 at (C) day 0/(D) day 30. Each analysis was  performed in 
 167.0 ± 1.9 0.149 ± 0.005 −25.2 ± 0.8
 160.8 ± 0.2 0.152 ± 0.021 −23.3 ± 0.3

 159.2 ± 0.9 0.150 ± 0.006 −28.7 ± 0.7

140 nm from 40 to 80 ◦C. On another hand, droplet diameter
reduction which was observed for nanoemulsion prepared with
polyethyleneglycol 400 monooleate occurred more gradually, also
reaching low values at higher temperatures. Probably the coating
film that this surfactant form through the droplets is more rigid
due to the plasticizer character of polyethyleneglycol surfactants.
Thus, rearrangement of the internal phase may  not be so drastic
as it was observed for polysorbate 85. Polydispersity index of both
nanoemulsions started below 0.200, being the value associated to
nanoemulsion prepared with polysorbate 85 slightly lower than the
value observed for nanoemulsion prepared with polyethylenegly-
col 400 monooleate. Then, they reached a maximum around 0.250
after 35 ◦C and decreased to minimum values below 0.100 at 80 ◦C.
Zeta potential slight changed below 40 ◦C, however, overall gradual
increase was observed as function of temperature.

Non-ionic surfactants stabilizes nanoemulsions by reducing
interfacial tension and they also form a layer that promotes steric
repulsion between droplets (Wang et al., 2009). The main mech-
anism for nanoemulsion destabilization is associated to Ostwald
ripening, which induces formation of larger droplets (Solans and
Solé, 2012). Interestingly, increased temperatures induced for-
mation of smaller droplets while no increase on polydispersity
index was  observed above 0.300. Moreover, pdi values returned
to basal values around 0.100. This parameter reflects homogeneity
of droplet size distribution and gradual formation of larger droplets
from a starting monomodal distribution would result on increased
polydispersity index.

Migration of acid compounds from copaiba oleoresin was
associated to negative zeta potential values on nanoemulsions pre-
pared with this material (Dias et al., 2014). Vouacapan diterpenes,
including some compounds with acid moiety, are characteristic

of sucupira oleoresin and may  explain these starting zeta poten-
tial values. Further increase of temperature may  have induced
growing partition of additional substances that do not easily disso-
ciate, therefore reducing this zeta potential. Moreover, deposition
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Fig. 3. Influence of temperature on droplet size, polydispersity index (pdi) and
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marginatus fruits and non-ionic surfactants (polyethyleneglycol 400 monooleate
r polysorbate 85). Each measurement represents mean ± standard deviation. Each
nalysis was  performed in triplicate.

f some substances on the interface may  form more compact films
nd therefore, enhancing the stability of the system (Wang et al.,
009).

We  decided to investigate the reproducibility of the method
n nanoemulsion formation and low coefficient of variation
alues of three individual batches were observed for droplet

ize (CVMP400 = 0.00499; CVT85 = 0.0113), pdi (CVMP400 = 0.0534;
VT85 = 0.0732) and zeta potential (CVMP400 = 0.0416;
VT85 = 0.0741). Fig. 4 reflects the technical feasibility of the
ethod to induce formation of nanoemulsions with low droplet
armacognosia 27 (2017) 401–406

size and low polydispersity index (<0.300), being in accordance
with satisfactory results for size distribution of aqueous nan-
odispersions (Tan et al., 2016). A study aiming to optimize
the preparation of nanoemulsions with copaiba oleoresin from
Copaifera multijuga, which belongs to the same botanical family
(Fabaceae) of P. emarginatus, performed a triplicate of center point
from a factorial design experiment and also observed low coeffi-
cient of variation for analyzed parameters (Dias et al., 2014). Thus,
overall our results suggest the reproducibility of the method for
the preparation of nanoemulsions using P. emarginatus oleoresin
with a high prevalence of droplets below 200 nm.

Droplet size distribution of nanoemulsions from the three dif-
ferent batches also reveal a less abundant droplet population below
100 nm,  for those prepared with both surfactants. Moreover, a
droplet population with size above 1000 nm (microdroplets) was
observed on nanoemulsion prepared with polysorbate 85. Since the
first studies with P. emarginatus oleoresin, it was observed that
diterpenes gradually precipitate on this viscous oily raw mate-
rial (Mahajan and Monteiro, 1973). Considering the high viscosity
of the P. emarginatus oleoresin, some microparticles (or micro-
crystals) of the diterpenes on suspension may remain on the
supernatant that was  used for nanoemulsification, even after a
centrifuging step, being responsible by this micro-size population.
Further studies aiming to better investigate this hypothesis or con-
comitant formation of another systems (e.g. multiphase region,
microdroplets/coarse droplets) are required to solve these ques-
tions.

A larvicidal nanoemulsion prepared with the same oleoresin
that was  used in the present study, a mixture of polysorbate 80/sor-
bitan monooleate (HLBmixture = 11) and water presented mean
droplet size around 130 nm,  polydispersity index around 0.200
and zeta potential around −30 mV.  The nanoemulsification method
involved homogenization of oily phase (P. emarginatus oleoresin
and surfactants) at 80 ◦C for 30 min  (Oliveira et al., 2016). A pro-
cedure that also involved heating process was  performed aiming
to prepare P. emarginatus based nanoemulsions due to the antiin-
flammatory potential (Pascoa et al., 2015). It is worth mentioning
that volatile substances from the oleoresin may  be lost during heat
of the oily phase. For this reason, utilization of effective nanoemul-
sification methods that do not involve a heating step should be
considered an advantage, considering that they would protect the
undesired loss of volatiles, including some terpenoids.

Rosmarinus officinalis essential oil was  formerly used for devel-
opment of an oil in water nanoemulsion using phase inversion
temperature (PIT) method and droplets with mean diameter
around 100 nm were obtained (Fernandes et al., 2013). Latter,
nanoemulsion phase inversion method using a titration pro-
cess was performed for achievement of bioactive rosemary-based
nanoemulsions using the same natural raw material. After seven
days of storage, mean droplet size around 115.0 nm and low poly-
dispersity index (<0.300) were observed (Duarte et al., 2015).

The nanoemulsions prepared with oleoresin from Copaifera
duckei were prepared by using phase inversion temperature
method. Low mean droplet size (145.2 nm)  and relatively broad
droplet size distribution (pdi = 0.378) were observed for this
nanoproduct after one day of preparation (Rodrigues et al., 2014).
The oleoresin from another copaiba species (C. multijuga) was
nanoemulsified using a high-pressure homogenizer and droplets
size around 120–140 nm and zeta potential around −20 mV were
obtained (Dias et al., 2012). On another study, nanoemulsions
prepared with C. multijuga oleoresin were prepared using high-
pressure homogenization method or spontaneous emulsification

using organic solvents. Most of nanoemulsions prepared by high
energy method presented mean droplet size around 160–200 nm
and monomodal distribution, being considered more efficient than
solvent-based method in this study (Dias et al., 2014).
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ig. 4. Droplet size distribution of Pterodon emarginatus oleoresin-based nanoemuls
ach  measurement (in triplicate) represents three different batches of nanoemulsio

The oleoresin from P. pubescens mixed with phospholipon 90G
as added through aqueous dispersions of several surfactants and

hen nanoemulsified using high-speed shear homogenizer. Mean
iameter of droplets ranged from 199 to 860 nm and lowest size
ere observed for nanoemulsions prepared with polyethylene gly-

ol (PEG-40) castor oil/sorbitan oleate and PEG-40 hydrogenated
astor oil/sorbitan oleate (PEG-40H) (Hoscheid et al., 2015). The
ndiroba (Carapa guianensis)  oil was subjected to nanoemulsion
reparation by a self-nanoemulsifying method using acetone as
rganic phase constituent. On this same study, an aroeira (Schinus
olle)-based nanoemulsion was prepared using a high-pressure
omogenizer (Baldissera et al., 2013).

onclusion

The present study shows that it is possible to generate P.
marginatus nanoemulsions by a non-heating and solvent free
pproach, without using high energy equipment. This ecofriendly
oncept has major advantages due to possible reducing costs and
ven less impairment to environment and health. It is worth
entioning that further studies should be necessary to develop

ptimal P. emarginatus nanoemulsions using this method. How-
ver, we believe that it opens great perspectives for fast and simple
reparation of natural product-based nanoemulsions for biological
valuation, being comparable or even potentially more effective
han most used methods. It also provides great information for
tudies aiming to develop this type of colloidal system, since this
nformation are still scarce for complex Brazilian natural oils.
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