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Abstract

The objective of this study was to use oily extracts of the species Orbignya phalerata Martius (Babassu) from
three ecological regions in Maranhio state, Brazil: Forest (BBF), Coast (BBC) and Lowlands (BBL) to develop
cosmetic formulations. Formulations with 10 wt% of Babassu oily extracts were characterised regarding their
stability for 30 days (separation of phases after centrifugation, pH, density, viscosity and droplets size distribution)
and evaluation of efficacy in vivo by cutaneous biometry. Results indicated that the formulations were physically
stable and presented pseudo-plastic fluid behavior as evaluated by rheology. Concerning the in vivo efficacy assays,
the formulation containing BBL increased the hydration of the volunteers’skin when compared to a formulation
containing only a commercial standard moisturising ingredient, without altering the skin pH. BBL showed to be
a promising ingredient to cosmetics, behaving as an excellent moisturiser likely because it contains the highest
amounts of lauric, myristic and oleic acids that present great emollient potential.

Keywords: Cosmetic formulations, cutaneous biometry, in vivo evaluation of moisturising effect, Orbignya
phalerata Martius, vegetal oily extract.

Resumo

O objetivo deste estudo foi utilizar extratos oleosos da espécie Orbignya phalerata Martius (Babagu) de trés regioes
ecoldgicas do Estado do Maranhao (Brasil): Mata dos Cocais (BBF), Litoral (BBC) e Baixada Maranhense (BBL)
para desenvolver formulagdes cosméticas. As formulagdes com 10% em peso de extratos oleosos de Babagu foram
caracterizadas quanto a sua estabilidade durante 30 dias (separagdo de fases apds centrifugacao, pH, densidade,
viscosidade e distribui¢do de tamanho das goticulas) e avaliagdo da eficacia in vivo por biometria cutdnea. Os
resultados indicaram que as formula¢des foram fisicamente estaveis e apresentaram comportamento de fluido
pseudoplastico, avaliado por reologia. Em relagdo aos ensaios de eficacia in vivo, a formula¢ao contendo BBL
aumentou a hidratacdo da pele dos voluntarios quando comparada com uma formulagdo contendo apenas um
ingrediente hidratante padrao comercial, sem alterar o pH da pele. BBL mostrou ser um ingrediente promissor para
cosméticos, comportando-se como um excelente hidratante, provavelmente porque contém as maiores quantidades
de acidos laurico, miristico e oleico que apresentam grande potencial emoliente.

Palavras chave: Formulagdes cosméticas, biometria cutinea, avaliagdo in vivo do efeito hidratante, Orbignya
phalerata Martius, extrato oleoso vegetal.
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Introduction

In recent years, there is a growing demand in the pro-
duction of cosmetic products based on natural products,
especially vegetable oils. In the cosmetic industry, veg-
etable oils extracted mainly from the seeds of plants
and fruits are considered important raw materials for
the development of ecological cosmetics. Cosmetic
products based on vegetable oils help protect the skin
from excessive fluid loss, allow skin respiration and as-
similate sunlight (1). The oil extracted from Babassu
(Orbignya phalerata Martius) coconut almonds has
generated interest in the cosmetics industry, becoming
a major candidate for application in cosmetic products,
mainly for topical use (2-4).

Babassu is the generic name given to the oil palm trees
belonging to the Palmae family that are members of
the genera Orbignya and Attalea. The Babassu palm is
native from Brazil and its oil is the extractive product
produced most in Brazil, contributing significantly to
the economy of some Brazilian states (5).

The importance of Babassu oil for cosmetics is related
to its composition.It presents emollient properties and
can promote skin hydration without increasing oiliness.
Previous studies have shown that Babassu oil contains
high quantities of triacylglycerides, such as lauric,
myristic and oleic acids (5,6). Approximately 82-88%
of the oil is composed by saturated fatty acids and 12-
18% is made up of unsaturated acids. Its fatty acid com-
position includes lauric (44-46%), myristic (15-20%),
oleic (12-18%), palmitic (6-9%), stearic (6%), caprylic
(4.0-6.5%), capric (2.7-7.5%), caproic (0.2%), and ara-
chidic (0.2-0.7%) acids (7,8). Furthermore, it presents
small amounts of phospholipids, pigments, sterols and
tocopherols (5).

Babassu oil could be also used in hair care, since the
lauric fatty acids and unsaponifiables replace the lipid
content of the hair and also confer elasticity to hair fib-
ers (6,8). Babassu oil also presents emulsifying proper-
ties, which justifies its use in oil-in-water (O/W) emul-
sions. In general, fatty acids whose carbon chain range
from 8 to 16 carbons behave as surfactants and have
good detergent and emulsifying properties (2).

Besides the cosmetic potential, Babassu oil also dem-
onstrated biological activities. Several studies showed
that the oil of the species O. phalerata presented anti-
inflammatory activities, healing (9-11) and antithrom-
botic activity (12). In addition, a study was performed
to evaluate the safety of unrefined Babassu oil by oral
administration to hamsters. A decrease in protein pas-
sage induced by blood flow obstruction in capillary
vessels of the cheek of hamsters was verified, therefore,
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Introducao

Nos tltimos anos, ha uma demanda crescente na pro-
dugdo de produtos cosméticos a base de produtos na-
turais, especialmente de 6leos vegetais. Na industria
cosmética, os oOleos vegetais extraidos principalmen-
te das sementes de plantas e frutas, sdo considerados
matérias-primas importantes para o desenvolvimento
de cosméticos ecoldgicos. Produtos cosméticos a base
de oleos vegetais ajudam a proteger a pele da perda
excessiva de fluidos, permitem a respiracdo da pele e
assimilam a luz solar (1). O 6leo extraido das amén-
doas do coco de Babagu (Orbignya phalerata Martius)
gerou interesse na industria cosmética, tornando-se um
importante candidato para aplicagdo em produtos cos-
méticos, principalmente para uso topico (2-4).

Babacgu ¢ o0 nome genérico dado as palmeiras oleagino-
sas pertencentes a familia Palmae que sdo membros dos
géneros Orbignya ¢ Attalea. A palmeira de Babagu ¢
nativa do Brasil e seu 6leo é o produto extrativista mais
produzido no Brasil, contribuindo significativamente
para a economia de alguns estados brasileiros (5).

A importéancia do 6leo de Babagu para cosméticos esta
relacionada a sua composi¢do. Ele apresenta proprie-
dades emolientes e pode promover a hidratagdo da pele
sem aumentar a oleosidade. Estudos anteriores mostra-
ram que o 6leo de Babagu apresenta altas quantidades
de triacilglicerideos, como os acidos laurico, miristi-
co ¢ oleico (5,6). Aproximadamente 82-88% do dleo
¢ composto por acidos graxos saturados ¢ 12-18% ¢
composto de acidos insaturados. A sua composi¢ao de
acidos graxos inclui acido laurico (44-46%), miristico
(15-20%), oleico (12-18%), palmitico (6-9%), estearico
(6%, caprilico (4,0-6,5%), caprico (2,7-7,5%), caproi-
co (0,2%) e araquidico (0,2-0,7%) (7,8). Além disso,
apresenta pequenas quantidades de fosfolipidos, pig-
mentos, esterois e tocoferais (5).

O 6leo de Babagu pode também ser utilizado no cuida-
do capilar, uma vez que os acidos graxos lauricos ¢ os
insaponificaveis substituem o contetdo lipidico do ca-
belo e também conferem elasticidade as fibras capilares
(6,8). O 6leo de Babagu também apresenta proprieda-
des emulsionantes, o que justifica seu uso em emulsdes
oleo em agua (O/A). Em geral, os acidos graxos cuja
cadeia carbonica varia de 8 a 16 carbonos comportam-
-se como tensoativos ¢ possuem boas propriedades de-
tergentes e emulsionantes (2).

Além do potencial cosmético, o 6leo de Babagu tam-
bém demonstrou atividades biologicas. Diversos estu-
dos mostraram que o 6leo da espécie O. phalerata apre-
sentou atividades anti-inflamatoria, cicatrizante (9-11)
e atividade antitrombotica (12). Além disso, um estudo
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unrefined Babassu oil can be a safe source of lipids (5).
However, no study regarding its moisturising potential
has been reported, which motivated us to perform this
study.

For cosmetic purposes, O/W emulsions are well ac-
cepted as they present an aqueous external phase with
adequate light sensitivity and spreadability (13). O/W
emulsions are important vehicles to the release of hy-
drophobic active compounds, such as vegetal oils (14).
Emulsions are classified as thermodynamically unsta-
ble systems and do not form spontaneously. Emulsions
require energy to be produced and the instability of an
emulsion could lead to sedimentation, flocculation and
ultimately phase separation due to the coalescence of
the dispersed droplets (15,16). Visual stability could be
reached by using surfactants to lower interfacial tension
between the dispersed phase (droplets) and the continu-
ous phase (external) (13,17).

Biological effects of emulsions depend mainly on
their interfacial properties that are determined by sur-
factants, through a combination of electrostatic inter-
actions, steric effects and mechanical forces (18). For
this reason, choosing the right surfactant is extremely
important to control the functional properties of emul-
sions, including physical stability and interactions with
biological systems (19).

The aim of this work was to develop cosmetic formu-
lations using O. phalerata (Babassu) oily extract from
three regions of Maranhdo (Brazil) and to evaluate their
stability (phase separation, pH, density, viscosity and
droplets size distribution). Finally, the in vivo moistur-
ising potential of the Lowlands Babassu oil was evalu-
ated, since it is reported in literature (7) as the one with
the highest amounts of emollient compounds.

Materials and Methods

The formulations were prepared using three oily ex-
tracts from O. phalerata, collected in different ecologi-
cal regions of Maranhdo state, Brazil: Forest (BBF),
Coast (BBC) and Lowlands (BBL). The O. phalerata
oily extracts were obtained by Babassu coconut break-
ers via an artisanal process which consists of heating
the kernels for lipid extraction (20).

In addition, other materials were used in the preparation
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foi realizado para avaliar a seguranca do 6leo de Baba-
¢u ndo refinado por administragdo oral ahamsters. Foi
verificada uma diminuicdo na passagem de proteinas,
induzida pela obstru¢do do fluxo sanguineo em vasos
capilares da bochecha dos hamsters, portanto, o 6leo
de Babacu nao refinado pode ser uma fonte segura de
lipideos (5).No entanto, nao foi relatado nenhum estu-
do sobre seu potencial hidratante, o que nos motivou a
realizar este estudo.

Para fins cosméticos, as emulsdes O/A sdo bem aceitas,
uma vez que apresentam uma fase aquosa externa com
boa sensibilidade a luz e espalhamento (13). As emul-
soes O/A sdo veiculos importantes para a liberagdo de
compostos ativos hidrofobicos, tais como oleos vege-
tais (14). As emulsdes sdo classificadas como sistemas
termodinamicamente instaveis e ndo se formam espon-
taneamente. As emulsdes requerem energia para serem
produzidas e a instabilidade de uma emulsdo pode le-
var a sedimentagdo, floculagdo e finalmente separacao
de fases devido a coalescéncia das goticulas dispersas
(15,16). A estabilidade visual pode ser alcangada usan-
do surfactantes para diminuir a tensdo interfacial entre
a fase dispersa (goticulas) e a fase continua (externa)
(13,17).

Os efeitos biologicos das emulsdes dependem principal-
mente das propriedades interfaciais que sdo determina-
das por surfactantes, através de uma combinagao de inte-
racdes eletrostaticas, efeitos estéricos e forcas mecanicas
(18). Por esta razdo, a escolha do surfactante adequado ¢é
extremamente importante para controlar as propriedades
funcionais das emulsdes, incluindo a estabilidade fisica
e as interagdes com sistemas bioldgicos (19).

O objetivo deste trabalho foi desenvolver formulagdes
cosméticas utilizando extrato oleoso de O. phalerata
(Babacgu) de trés regides do Estado do Maranhao (Bra-
sil) e avaliar sua estabilidade (separagao de fases, pH,
densidade, viscosidade e distribui¢ao de tamanho de go-
ticulas). Finalmente, avaliou-se o potencial de hidrata-
¢do in vivo do o6leo de Babagu da Baixada Maranhense,
uma vez que ¢ relatado na literatura (7) como aquele
com as maiores quantidades de compostos emolientes.

Materiais e Métodos

As formulagdes foram preparadas utilizando trés extra-
tos oleosos de O. phalerata, coletados em diferentes re-
gides ecologicas do Estado do Maranhao (Brasil): Mata
dos Cocais (BBF), Litoral (BBC) e Baixada Maranhen-
se (BBL). Os extratos oleosos de O. phalerata foram
obtidos por produtores de coco Babagu por meio de um
processo artesanal que consiste em aquecer as amén-
doas para extragdo dos lipideos (20).



of the formulations: Hidraskin®(a standard moisturis-
ing ingredient; a mixture of sodium lactate, glycerin
and glycols),cetostearyl alcohol ethoxylate, glyceryl
monostearate and butylated hydroxytoluene (BHT) (all
purchased from Mapric, Brazil); a blend of phenox-
yethanol and methylisothiazolinone, ammonium Acry-
loyldimethyltaurate/VP copolymer and ethylenedi-
aminotetracetic acid (EDTA-Na) (all purchased from
PharmaSpecial, Brazil); glycerin and imidazolidinyl
urea (both purchased from Fagron, Brazil).

Preparation of the formulations

The formulations were prepared by pouring the ingre-
dients from the oily phase, previously homogenized at
80°C into the aqueous phase at the same temperature (Ta-
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Além disso, foram utilizados outros materiais para a
preparagao das formulag¢des: Hidraskin® (um ingre-
diente hidratante padrao, uma mistura de lactato de so-
dio, glicerina e glicois), alcool cetoestearilico etoxilato,
monoestearato de glicerila e hidroxitolueno butilado
(BHT) (Adquirido da Mapric, Brasil); Uma mistura de
fenoxietanol e metilisotiazolinona, copolimero de amo-
nio acrilo-dimetiltaurato/VP e acido etilenodiaminote-
tracético (EDTA-Na) (Todos adquiridos da PharmaS-
pecial, Brasil); Glicerina e imidazolidinil ureia (Ambos
adquiridos de Fagron, Brasil).

Preparacdo das formulagoes

As formulagdes foram preparadas vertendo os ingredien-
tes da fase oleosa, previamente homogeneizados a 80°C,
na fase aquosa na mesma temperatura (Tabela 1). As for-

Table 1/ Tabela 1 - Components of the formulations containing Babassu oily

extract

Componentes das formulagdes contendo extrato oleoso de Babagu

Ingredient/Ingrediente

Formulations/Formulagdes

F1
(wt%)

(wWt%)

F2 F3 F4 F5 F6
Wt%)  (Wt%)  (Wt%)  (Wt%)

Oil phase/Fase oleosa

Cetostearyl alcohol

cthoxylate/ 3.00 3.00 3.00 3.00 3.00 3.00
Alcool cetoestearilico

etoxilado

Glyceryl monostearate/ 5.00 5.00 5.00 5.00 5.00 5.00
Monoestearato de glicerila

BHT 0.05 0.05 0.05 0.05 0.05 0.05
Phenoxyethanol/methylisothi

azolinone / 0.20 0.20 0.20 0.20 0.20 0.20
Fenoxietanol/

metilisotiazolinona

O. phalerata oily extract

(Babassu)/ 10.0 10.0 10.0 10.0

Extrato oleoso de O. (BBF) (BBC) (BBL) (BBL)

phalerata (Babagu)

Aqueous phase/ Fase aquosa

EDTA-Na 0.05 0.05 0.05 0.05 0.05 0.05
Glycerin/ 5.00 5.00 5.00 5.00 5.00 5.00
Glicerina

Hidraskin® - -— -— 7.50 7.50 -
imidazolidilurea/ 0.20 0.20 0.20 0.20 0.20 0.20
Imidazolidilureia

Ammonium

Acryloyldimethyltaurate/VP

Copolymer/

Acriloildimetiltaurato de 0.50 0.50 0.50 0.50 0.50 0.50
amonio/copolimero de

vinilpirrolidona

Distilled water (q.s.p.) 100.00  100.00  100.00  100.00  100.00  100.00
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ble 1). The formulations were mechanically stirred until
complete homogenization at 1200 rpm for 15 minutes.
Formulations F1, F2 and F3 were selected as the base
formula. They were prepared with three different Ba-
bassu oily extracts in the concentration of 10 wt%, ex-
tracted from three different regions of Maranhdo state
(Brazil): forest (BBF, F1), coast (BBC, F2) and low-
lands (BBL, F3). The three base formulations were sub-
mitted to stability assays.

Formulations F3, F4, F5 and F6 were prepared for eval-
uation of in vivo efficacy, where skin pH and hydration
were assessed. According to previous studies, Babassu
oil extracted from lowlands (BBL) contains the highest
quantities of lauric, myristic and oleic acids (7), which
are very emollient ingredients that are very well-known
in the scientific literature for increasing skin hydration
(21,22), thus only the BBL extract was utilised in these
analyses. F4 was prepared with BBL oily extract at
10% and Hidraskin®, a standard moisturising ingredi-
ent, at 7.5 wt%. F5 was prepared only with Hidraskin®
at 7.5 wt%, and F6 was prepared without BBL oily ex-
tract or Hidraskin®(Table 1). The in vivo efficacy of F3,
containing only BBL, was also included for compari-
son purposes. Hidraskin® is a mixture of glycols, glyc-
erin and sodium lactate and the group decided to use it
with the aim to compare this component with the BBL,
which has been shown to have a hydration potential.

Stability assays

The F1, F2 and F3 formulations containing three differ-
ent Babassu oily extracts (BBF, BBC and BBL) were
submitted to stability assays after preparation at the
initial time (t)) and after 7 (t.), 14 (t ), 21 (t,)) and 30
(t,,) days. These same formulations were stored under
different conditions, refrigerator (2.0 + 0.2°C), room
temperature (25 + 2°C) and incubator (40 £ 2°C). The
following parameters were evaluated: phase separation
after centrifugation, pH, density, viscosity and droplets
size distribution.

Centrifugation test

10.0 g of each formulation (F1, F2 and F3) were trans-
ferred to plastic centrifuge tubes and submitted to
1,000, 2,500 and 3,500 rpm cycles (121, 756, and 1,485
g, respectively) (Avanti J-25 model, Beckman Coulter,
USA) for 15 minutes at 25°C.

pH assessment

The pH was assessed by inserting the electrode (Model
922, Bante Instruments, USA) into the F1, F2 and F3
formulations. The pHmeter was previously calibrated
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mulagdes foram agitados mecanicamente até completa
homogeneizagdo a 1200 rpm durante 15 minutos.

As formulacdes F1, F2 e F3 foram selecionadas como
formulagdo base. Foram preparadas com trés extratos
oleosos de Babagu, na concentragao de 10% em peso,
extraidas de trés regides do Estado do Maranhao: Mata
dos Cocais (BBF), Litoral (BBC) e Baixada Maranhen-
se (BBL). As trés formulagdes base foram submetidas a
ensaios de estabilidade.

As formulagoes F3, F4, F5 e F6 foram preparadas para
avaliacdo da eficacia in vivo, onde o pH e a hidrata-
¢do da pele foram avaliados. De acordo com estudos
anteriores, o 6leo de Babagu extraido da Baixada Ma-
ranhense (BBL) contém as maiores quantidades de aci-
dos laurico, miristico e oleico (7), que sdo ingredientes
muito emolientes que sdo bem conhecidos na literatura
cientifica para aumentar a hidratacdo da pele (21, 22),
portanto, apenas o extrato BBL foi utilizado nessas ana-
lises. F4 foi preparado com extrato oleoso BBL a 10% e
Hidraskin®, um ingrediente hidratante padrao, a 7,5%
em peso. F5 foi preparado apenas com Hidraskin® a
7,5% em peso, e F6 foi preparado sem extrato oleoso
BBL ou Hidraskin® (Tabela 1). A eficacia in vivo de
F3, contendo apenas BBL, também foi incluida para
fins comparativos. Hidraskin® ¢ uma mistura de gli-
cois, glicerina e lactato de sédio, e o grupo decidiu usa-
-lo com o objetivo de comparar este componente com
o BBL, o que mostrou ter um potencial de hidratacao.

Ensaios de estabilidade

As formulagdes F1, F2 e F3 contendo trés extratos oleo-
sos de Babacu (BBF, BBC ¢ BBL) foram submetidas a
ensaios de estabilidade apos a preparagdo no tempo ini-
cial (t)) eapds 7 (t.), 14 (t,,), 21 (t,,) € 30 (t, ) dias. Estas
mesmas formulagdes foram armazenadas sob diferen-
tes condicdes, refrigerador (2,0 + 0,2°C), temperatura
ambiente (25 + 2°C) e estufa (40 = 2°C). Os seguintes
parametros foram avaliados: separacdo de fases apos
centrifugacdo, pH, densidade, viscosidade e distribui-
¢do de tamanho de goticulas.

Teste de centrifugacdo

10,0 g de cada formulacao (F1, F2 e F3) foram transfe-
ridos para tubos de plastico de centrifuga e submetidos
a ciclos de 1.000, 2.500 e 3.500 rpm (121, 756 ¢ 1.485
g, respectivamente) (modelo Avanti J-25, Beckman
Coulter, EUA) durante 15 minutos a 25°C.

Avalia¢do do pH

O pH foi avaliado por insercdo do eletrodo (modelo
922, Bante Instruments, EUA) nas formulag¢des F1, F2
e F3. O pHmetro foi previamente calibrado com solu-



with standard solutions, pHs 4.0 and 10.0 (Hanna In-
struments, USA). Measurements were performed in
triplicate at 25°C. The mean =+ standard deviation (SD)
was calculated.

Density

The densities of F1, F2 and F3 formulations were ob-
tained using a glass pycnometer (Pyrex® 1620-25,
Corning Life Sciences, EUA). Density for each sample
was assessed according to Equation 1. Prior to initiation
of measurements, the weight of the empty pycnometer
in its dry state was noted.

p:(mz_ mo))/(m 1- m()) ( 1 )

Where m, is the weight of the pycnometer with the sam-
ple, m, is weight of the pycnometer with distilled water
at 25°C and m, is the weight of the empty pycnometer
(23). Measurements were performed in triplicate.

Viscosity

Viscosity was measured using a rotary digital viscom-
eter (DV-II model, Brookfield®, USA) with spindle
number 94 and rotation speeds of 0.3, 0.6, 1.5, 3, 6, 12,
30 and 60 rpm. The spindle was vertically immersed
into 42 g of each F1, F2 and F3 formulation at 25°C.
Measurements were performed in triplicate.

Analysis of droplets size distribution

Droplets size distributions of the F1, F2 and F3 for-
mulations were determined by laser diffraction tech-
nique (Malvern Scirocco® 2000 Mastersizer, UK). The
equipment measures the intensity of light scattered as a
laser beam passes through a dispersed particulate/emul-
sifiedsample. This data is then analyzed to calculate the
size of the droplets that created the scattering pattern.
Samples were diluted in distilled water at the ratio of
1:1000. Measurements were performed in triplicate at
25°C (24).

Assessment of globule homogeneity by microscopy

Using a photonic binocular microscope (Leica DM-
LS®Ltda, USA) coupled to a digital camera (Moticam®
1000, USA) and software (Motic Image Plus 2.0), the
globules were observed in photomicrographs with 40x
increase. Approximately 0.1 g of each formulation was
used, diluted with 1 drop of distilled water and placed
on a microscopic slide (Perfecta® AG - 1.0 to 1.2 mm
thickness) under a pressure cover slip.
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¢oes padrio, pH 4,0 e 10,0 (Hanna Instruments, EUA).
As medigoes foram realizadas em triplicata a 25°C. Foi
calculada a média + desviopadrao (DP).

Densidade

As densidades das formulagdes F1, F2 ¢ F3 foram obti-
das utilizando um picnémetro de vidro (Pyrex® 1620-
25, Corning Life Sciences, EUA). A densidade para
cada amostra foi avaliada de acordo com a Equagéo 1.
Antes do inicio das medi¢des, observou-se o peso do
picndémetro vazio em seu estado seco.

p:(mz- mo))/(m 1- mo) ( 1 )

Onde m, € o peso do picndmetro com a amostra, m, €
0 peso do picnometro com agua destilada a 25°C e m,
¢ o peso do picndémetro vazio (23). As medi¢des foram
realizadas em triplicata.

Viscosidade

A viscosidade foi medida usando um viscosimetro di-
gital rotativo (modelo DV-II, Brookfield®, USA) com
spindle de nimero 94 ¢ velocidades de rotagao de 0,3,
0,6, 1,5,3,6,12,30 e 60 rpm. O spindle foi imerso ver-
ticalmente em 42 g de cada formulagdo F1, F2 ¢ F3 a
25°C. As medigdes foram realizadas em triplicata.

Andalise da distribui¢do de tamanho de goticulas

As distribui¢des de tamanho das goticulas das formu-
lagoes F1, F2 e F3 foram determinadas por técnica de
difragdo de laser (Malvern Scirocco® 2000 Mastersi-
zer, Reino Unido). O equipamento mede a intensidade
da luz dispersa quando um feixe de laser passa através
das particulas dispersas/ amostra emulsionada. Estes
dados sao entdo analisados para calcular o tamanho das
goticulas que criaram o padrao de dispersao. As amos-
tras foram diluidas em agua destilada na proporc¢ao de
1:1000. As medicdes foram realizadas em triplicata a
25°C (24).

Avalia¢ao da homogeneidade dos globulos por microscopia

Usando um microscopio binocular fotonico (Leica
DMLS® Ltda, EUA) acoplado a uma camera digital
(Moticam® 1000, EUA) e software (Moticlmage Plus
2.0), os glébulos foram observados em fotomicrogra-
fias com aumento de 40x. Aproximadamente 0,1 g de
cada formulacdo foi utilizada, diluida com 1 gota de
agua destilada e colocada sobre uma ldmina microsco-
pica (Perfecta® AG - 1,0 a 1,2 mm de espessura) sob
pressa de laminula.
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In vivo efficacy assays by cutaneous biometry: pH and
moisture evaluation of the skin

The in vivo study protocol was approved by the Scien-
tific Ethical Committee of Federal University of Rio de
Janeiro, Brazil (number 42610115.0.0000.5257).The
study was conducted in a room under controlled condi-
tions (temperature of 24 + 2°C and relative humidity of
45 + 5%). The test was performed on 16 volunteers (3
men and 13 women with ages 31 + 9 years), who indi-
cated that they had understood the purpose of the trial
and signed the consent form. The skin phototype of the
volunteers ranged from white to light brown skin. No
volunteer presented any type of dermatological disease
before and after the tests.

Before the application (1% to 4™ days) and after the
measurements (5" day), the volunteers waited for 7
minutes to acclimate without covering the skin sites.
After the application, volunteers waited for the formu-
lations to dry (15 minutes). According to the study par-
ticipation protocol (which included specific inclusion
and non-inclusion/ exclusion criteria), volunteers were
instructed not to expose to sunlight or to use any cos-
metic products (only water during the shower) on the
forearm sites where the formulations were applied.

A fixed amount of 32 mg of F3 (BBL), F4, F5 and F6
was applied randomly once a day for four consecutive-
ly days on the volunteers’ forearms, and skin measure-
ments were performed only on the 5th day (22). Four
sites were marked on the skin forearms (16 cm? each)
where the formulations were applied. Each formula-
tion presented its control site (next to the product site)
where no formulation was applied (Figure 1).

(
7

Formulations and controls
randomly distributed/
Formulagdes e controles
aleatoriamente distribuidos

Ensaios de eficacia in vivo por biometria cutdnea:
avalia¢do do pH e da humidade da pele

O protocolo de estudo in vivo foi aprovado pelo Comi-
té Cientifico de Etica da Universidade Federal do Rio
de Janeiro, Brasil (nimero 42610115.0.0000.5257). O
estudo foi realizado em uma sala sob condi¢des con-
troladas (temperatura de 24 = 2°C e humidade relativa
de 45 £ 5%). O teste foi realizado em 16 voluntarios
(3 homens e 13 mulheres com idades de 31 £ 9 anos),
que indicaram que entenderam o proposito do teste e
assinaram o termo de consentimento antes da partici-
pacao no estudo. O fototipo de pele dos voluntarios va-
riou de pele branca a morena clara. Nenhum voluntario
apresentou algum tipo de doenga dermatologica antes e
apos os testes.

Antes da aplicacao (1° a 4° dias) e ap6s as medicdes (5°
dia), os voluntarios aguardaram por 7 minutos para acli-
matar sem cobrir os locais da pele. Apds a aplicagao, os
voluntarios aguardaram a secagem das formulagdes (15
minutos). De acordo com o protocolo de participacao
no estudo (que previa critérios especificos de inclusao
e nao-inclusao/ exclusao), os voluntarios foram instrui-
dos a ndo expor a luz solar ou utilizar qualquer produto
cosmético (apenas adgua durante o banho) nos locais do
antebrago onde as formulagdes foram aplicadas.

Uma quantidade fixa de 32 mg de F3 (BBL), F4, F5 e
F6 foi aplicada aleatoriamente uma vez por dia durante
quatro dias consecutivos nos antebragos dos volunta-
rios e as medidas da pele foram realizadas apenas no
5° dia (22). Quatro locais foram marcados na pele dos
antebragos (16 cm?cada) onde as formulagdes foram
aplicadas. Cada formulacdo apresentou seu local de
controle (proximo ao local do produto) onde nenhuma
formulagao foi aplicada (Figura 1).

Figure 1/ Figura 1 - Four sites marked on
the skin forearms, each one with 16 cm2
Quatro locais marcados na lgele do antebraco,

cada um com 1
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Measurements of hydration levels and pH of the fore-
arm skin (anterior surface) were performed using a
Corneometer and pHmeter, respectively, combined in
one device (Corneometer CM 825/skin-pH-meter PH
900, Courage and Khazaka GmbH, Cologne, Germa-
ny). This equipment allows noninvasive measurements.
The skin surface pH of the forearms was measured with
a flat glass electrode with a precision of 0.1 pH-unit.
The resulting pH value was displayed after 3 seconds.
The measuring principle of the Corneometer is based
on the capacitance measurement of a dielectric medi-
um. Any change in the dielectric constant due to skin
surface hydration variation changes the capacitance.
The capacitance was expressed digitally in arbitrary
units (a.u.).

Statistical analysis

All data were analyzed using Origin Pro 8 software
(OriginLab, USA). Experimental data were presented
as mean = SD (standard error) and p<0.05 was consid-
ered to be statistically significant.

Results

Stability assays

F1, F2 and F3 formulations (containing BBF, BBC and
BBL) were stable during the period of study (30 days).
They presented a creamy and bright appearance and a
characteristic odor of Babassu oil.

The centrifugation test was used as part of a process
of elimination: centrifugal force accelerates sedimen-
tation, creaming or coalescence of the systems, which
could reveal any preliminary instability (25, 26). F1, F2
and F3 formulations did not present creaming or phase
separation.

All F1 (BBF), F2 (BBC) and F3 (BBL) formulations
(stored at 2, 25 and 40°C) presented pH values around
6.0 to 7.0, during the entire evaluation period. Concern-
ing the density results, F1 (BBF), F2 (BBC) and F3
(BBL) formulations presented density values ranging
from: 0.95 = 0.02 g/mL at room temperature (25°C),
0.96 £ 0.02 g/mL in the incubator (40°C) and 0.93 +
0.01g/mL in the refrigerator (2°C) over the 30 day peri-
od, without intra-group differences (p> 0.05).

Figure 2 shows the viscosity results. Flow curves of
F1, F2 and F3 formulations (with BBF, BBC and BBL)
demonstrate that there is no linear relationship between
the values of viscosity (cP.s) and the rotational speed
gradient applied to the samples.

Babassu extracts for skin care
Extractos de Babagu para cuidados da pele

As medig¢des dos niveis de hidratacdo e do pH da pele
do antebrago (superficie anterior) foram realizadas uti-
lizando um Corneometer e pHmetro, respectivamente,
combinados em um dispositivo (Corneometer CM 825/
skin-pH-meter PH 900, Courage and Khazaka GmbH,
Coldnia, Alemanha). Este equipamento permite medi-
¢des ndo invasivas. O pH da superficie da pele dos ante-
bragos foi medido com um eletrodo de vidro plano com
uma precisao de 0,1 unidades de pH. O valor de pH
resultante foi exibido ap6s 3 segundos. O principio de
medi¢do do Corneometer baseia-se na medicao de ca-
pacitancia de um meio dielétrico. Qualquer alteracao na
constante dielétrica devido a varia¢ao da hidratacdo da
superficie da pele altera a capacitancia. A capacitancia
foi expressa digitalmente em unidades arbitrarias (a.u.).

Analise estatistica

Todos os dados foram analisados utilizando o software
Origin Pro 8 (OriginLab, EUA). Os dados experimen-
tais foram apresentados como média + DP (erro padrao)
e p <0,05 foi considerado como estatisticamente signi-
ficativo.

Resultados

Ensaios de estabilidade

As formulacdes F1, F2 ¢ F3 (contendo BBF, BBC ¢
BBL) foram estaveis durante o periodo de estudo (30
dias). Apresentaram uma aparéncia cremosa e brilhante
e um odor caracteristico de 6leo de Babacu.

O teste de centrifugacao foi utilizado como parte de um
processo de eliminagdo: a forca centrifuga acelera a se-
dimentacgdo, cremeacgdo ou coalescéncia dos sistemas,
o que pode revelar qualquer instabilidade preliminar
(25,26). As formulagoes F1, F2 e F3 ndo apresentaram
cremeacao ou separacao de fases.

Todas as formulagdes F1 (BBF), F2 (BBC) ¢ F3 (BBL)
(armazenadas a 2, 25 e 40°C) apresentaram valores de
pH em torno de 6,0 a 7,0 durante todo o periodo de
avaliacdo.Com relagdo aos resultados de densidade, as
formulagdes F1 (BBF), F2 (BBC) e F3 (BBL) apresen-
taram valores de densidade de: 0,95 + 0,02 g/mL a tem-
peratura ambiente (25°C), 0,96+ 0,02 g/mL na estufa
(40°C) e 0,93+ 0,01 g/mL na geladeira (2°C)ao longo
do periodo de 30 dias, sem diferengas entre grupos (p>
0,05).

A Figura 2 mostra os resultados de viscosidade. As cur-
vas de fluxo das formulagdes F1, F2 e F3 (com BBF,
BBC e BBL) demostram que nao ha relagao linear entre
os valores de viscosidade (cP.s) e o gradiente de veloci-
dade de rotacao aplicado as amostras.
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Although Babassu oily extracts were collected from dif-
ferent regions and the number of rotations applied and
storage temperatures were also distinct, no statistically
significant differences in mean viscosity were observed
among F1, F2 and F3 formulations (p> 0.05).
Regarding the droplets mean size and size distribution,
all formulations (F1, F2 and F3) presented the same
pattern of droplets size distribution and mean size for
over 30 days (Figure 3). Mean droplets size values did
not present statistical differences (p> 0.05) among the
formulations in different times and storage tempera-
tures. Emulsion photomicrographs (40x amplification)
showed that the formulations have small oil globules
dispersed in the external phase (water).
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Embora os extratos oleosos de Babacu tenham sido
coletados de diferentes regides, o nimero de rotagdes
aplicadas e as temperaturas de armazenamento também
foram distintas, ndo foram observadas diferengas esta-
tisticamente significativas na viscosidade média entre
formulagdes F1, F2 e F3 (p> 0,05).

Em relagdo ao tamanho médio e distribuigdo de tama-
nho das gotas, todas as formulag¢des (F1, F2 e F3) apre-
sentaram o mesmo padrdo de distribui¢do de tamanho
de goticulas e o tamanho médio por mais de 30 dias
(Figura 3). Os valores médios de tamanho de goticulas
ndo apresentaram diferencas estatisticas (p> 0,05) en-
tre as formula¢des em diferentes tempos e temperaturas
de armazenamento. As fotomicrografias das emulsoes
(aumento 40x) mostraram que as formula¢des contém
pequenos globulos de 6leo dispersos na fase externa
(agua).
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Figure 3/ Figura 3 - Droplets mean size and size distribution for formulations:
A) F1 containing BBF, t 325°C3 and t30 é2, 25 and 40°C); B) F2 containing
BBC, t0 (25°C) and t30 (2, 25 and 40°C); C) F3 containing BBL, t0 (25°C) and
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contendo BBF, t0 (25°C) e t30 (2, 25 ¢ 40°C); B) F2 contendo BBC, t0 (25°C) e
t30 (2, 25 e 40°C); C) F3 contendo BBL, t0 (25°C) e t30 (2, 25 e 40°C)
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In vivo efficacy assays by cutaneous biometry: pH and
moisture evaluation of the skin

Skin hydration enhancement (%) and skin pH were as-
sessed for each formulation (F3 BBL, F4, F5 and F6)
based the on comparison between control site and prod-
uct site in both volunteer forearms. Then, mean + SD
was assessed for each formulation (Figure 4).

F3 (BBL) did not present any statistical difference
concerning the skin hydration enhancement (20.12
+ 3.34%) when compared to F4 (19.49 £+ 1.75%) (p>
0.05). However it presented statistical difference when
compared to F5 (13.13 + 2.81%) and F6 (10.58 +
4.73%) (p< 0.05). The same result was observed to F4,
presenting a skin hydration enhancement value statisti-
cally highercompared to F5 and F6 values (p< 0.05).
When comparing F5 and F6, the skin hydration en-
hancement values obtained were not statically different
(p> 0.05); however these values were statistically lower
when compared to the values obtained for F3 and F4
(p<0.05).

No changes occurred in skin pH values (p> 0.05) af-
ter the product application, which can be viewed as a
positive result, sincea cosmetic formulation should not
interfere in the physiological skin surface pH.

Ensaios de eficacia in vivo por biometria cutdnea:
avalia¢do do pH e da humidade da pele

O aumento da hidratagdo da pele (%) e o pH da pele
foram avaliados para cada formulacao (F3 BBL, F4, F5
e F6) com base na comparagao entre o local de controle
e o local do produto em ambos os antebragos dos volun-
tarios. Em seguida, a média + DP foi avaliada para cada
formulacao (Figura 4).

F3 (BBL) nao apresentou diferenca estatistica no au-
mento da hidratacdo da pele (20,12 + 3,34%) quando
comparado ao F4 (19,49 + 1,75%) (p> 0,05). No en-
tanto, apresentou diferenca estatistica quando compa-
rado com F5 (13,13 + 2,81%) e F6 (10,58 + 4,73%) (p
<0,05). O mesmo resultado foi observado para F4, que
apresenta um valor de aumento da hidratacao da pele
estatisticamente maior quando comparado aos valores
de F5 e F6 (p <0,05). Ao comparar F5 e F6, os valores
de aumento da hidratagdo da pele obtidos ndo foram
estaticamente diferentes (p> 0,05). Porém estes valores
foram estatisticamente menores quando comparados
aos valores obtidos para F3 e F4 (p <0,05).

Nao houve alteragdes nos valores de pH da pele (p>
0,05) apos a aplicacao do produto, o que pode ser visto
como um resultado positivo, uma vez que uma formu-
lagdo cosmética nao deve interferir no pH fisiolégico da
superficie cutanea.

Skin hydration enhancement/
Melhoria da hidrataciio da pele (%)

F3 (BBL) F4
Formulations/ Formulacdes

Figure 4/ Figura 4 - Results of skin
F3 (BBL), F4, F

F5 F6

%/dratmn enhancement (%) for
and F6

Resultados do aumento da hldratsac;ao6da pele (%) para F3 (BBL), F4,
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Discussion

Stability assays

A decrease in pH was observed for the F1 (BBF), F2
(BBC) and F3 (BBL) formulations stored in the incuba-
tor at 40°C (6.0 = 0.2) when compared to the other tem-
peratures, refrigerator at 2°C (6.5 + 0.3) and at room
temperature at 25°C (6.1 £ 0.4) after 30 days.According
to Martins and coworkers (9), elevated temperatures in
emulsified systems containing lipids may cause a slight
oxidation of the oily phase, with the formation of hy-
droperoxides or even the hydrolysis of triglycerides,
leading to the formation of fatty acids and for this
reason to a reduction in pH values.Skin presents a pH
around 6, mainly in arms, legs and trunk.Therefore, the
pH values obtained in this study were compatible to the
skin, thus preventing skin allergies and making the for-
mulations promising candidates for topical application
(27-29).

Concerning the viscosity results, the same study dem-
onstrated that all F1, F2 and F3 formulations t  and after
30 days (t,)) presented non-Newtonian fluid character-
istics with pseudoplastic behavior (13,26,30,31). Pseu-
doplastic behavior is ideal for products to be applied
topically, since after overcoming the initial resistance
to flow, viscosity decreases enabling easy application of
the product on the skin (32). The flow curves obtained
show similar decreasing viscosity when the rotational
speed (shear rate) is increased (33,34).

For all formulations, viscosity decreasing when rota-
tional speed increases could be associated to thixotropy,
a time-dependent shear thinning property. Thixotropic
products become more fluid when subjected to an exter-
nal pressure, spreading easily and recovering the initial
viscosity after application, which prevents the product
from dripping (32).

Analyzing Figure 2, it was possible to observe that in
t, (25°C), F2 BBC presented the highest viscosity, ini-
tially at the rotation speed of 0.3 rpm. However, in t,,
F3 BBL presented the highest apparent viscosity at the
same temperature (25°C). Viscosity changed with time
and storage conditions: at 2°C emulsions BBC and BBL
presented the lowest viscosity values, while at 40°C it
was obtained the highest viscosity values (Figure 2).
F1 BBF presented the lowest viscosity at all tempera-
tures. An emulsion’s viscosity can be altered by lipid
composition, by aqueous and oil phases ratio, by the
concentration of the emulsifiers and by the addition of
polymers. Consumer acceptance depends on the senso-
rial, spreadability and residual oiliness of the product
after application. A cosmetic emulsion should present

Babassu extracts for skin care
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Discussao

Ensaios de estabilidade

Foi observada uma diminuigdo no pH das formulagdes
F1 (BBF), F2 (BBC) e F3 (BBL) armazenadas na estufa
a 40°C (6,0 £+ 0,2) quando comparadas com as demais
temperaturas, geladeira a 2°C (6,5 £ 0,3) ¢ a tempe-
ratura ambiente a 25°C (6,1 £ 0,4) apds 30 dias. De
acordo com Martins e colaboradores (9), temperaturas
elevadas em sistemas emulsionados contendo lipideos
podem causar uma ligeira oxidacdo da fase oleosa, com
a formagdo de hidroperdxidos ou mesmo a hidrélise de
triglicerideos, levando a formagdo de acidos graxos e,
reducdo nos valores de pH. A pele apresenta um pH em
torno de 6, principalmente nos bragos, pernas e tron-
co. Por isso, os valores de pH obtidos neste estudo fo-
ram compativeis com a pele, prevenindo assim alergias
cutaneas e tornando as formulagdes promissoras candi-
datas para aplicagdo topica (27-29).

Quanto aos resultados de viscosidade, o0 mesmo estudo
demonstrou que todas as formulagdes F1, F2 ¢ F3 em
t, € apos 30 dias (t,)) apresentaram caracteristicas de
fluidos ndo-newtonianos com comportamento pseudo-
plastico (13,26,30,31). O comportamento pseudoplas-
tico ¢ ideal para que os produtos sejam aplicados topi-
camente, uma vez que apds a superacdo da resisténcia
inicial ao fluxo, a viscosidade diminui permitindo a fa-
cil aplicagdo do produto sobre a pele (32). As curvas de
fluxo obtidas mostraram uma viscosidade decrescente
semelhante quando a velocidade de rotagdo (taxa de ci-
salhamento) é aumentada (33,34).

Para todas as formulagdes, a diminuicdo da viscosida-
de com o aumentoda velocidade de rotagdo, pode estar
associada a tixotropia, uma propriedade de afinamento
de cisalhamento dependente do tempo. Os produtos ti-
xotropicos tornam-se mais fluidos quando submetidos
a uma pressdo externa, se espalhando facilmente e re-
cuperando a viscosidade inicial apos a aplicacdo, o que
evita que o produto goteje (32).

Analisando a Figura 2, foi possivel observar que em
t, (25°C), F2 BBC apresentou a viscosidade mais alta,
inicialmente a velocidade de rota¢do de 0,3 rpm. No
entanto, em t,, F3 BBL apresentou a maior viscosidade
aparente a mesma temperatura (25°C). A viscosidade
mudou com o tempo e as condi¢des de armazenamento:
as emulsdes a 2°C BBC e BBL apresentaram os meno-
res valores de viscosidade, enquanto a 40°C obtiveram-
-se os valores de viscosidade mais elevados (Figura 2).
F1 BBF apresentou a menor viscosidade a todas as tem-
peraturas. A viscosidade de uma emulsdo pode ser alte-
rada pela composicdo lipidica, por propor¢do de fases
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viscosity enabling its long-lasting contact with the skin,
however its spreadability should not be affected by high
viscosity values (32,35).

Regarding the droplet size, according to Robins and
coworkers (30) and Merryweather (31), an O/W emul-
sion should present a dispersed phase of small oil drop-
lets with diameters ranging from 1 to 10 pm. F1, F2 and
F3 formulations presented droplets mean size between
7 and 10 pm, which confirms that these formulations
containing Babassu oily extracts have a proper size for
a cosmetic emulsion (13,30,31). Based on microscopic
observation, we verified that the smaller and more ho-
mogeneous the globules, the greater a formulation’s
tendency toward stability. Emulsions with a large num-
ber of small cells are highly efficient as pharmaceuti-
cals and/or cosmetics (36).

In vivo efficacy assays by cutaneous biometry: pH and
moisture evaluation of the skin

Some authors have demonstrated that the essential
fatty acids, lauric (C12:0), myristic (C14:0) and oleic
(C18:1) from palm oils such as Babassu, promote good
skin hydration (37,38). As all of the tested (F1, F2 and
F3) formulations containing Babassu oils were shown
to be stable, the choice criteria for the oil source to be
studied for skin hydration potential and pH effects was
based on the chemical composition and concentrations
of essential fatty acids present in the Babassu oils, pre-
viously determined (7) to be that of the Babassu oil col-
lected from the Lowlands (BBL).

In previous research group studies, Santos and cowork-
ers (7) performed a chromatographic analysis to quan-
tify the fatty acids present in different samples of oils
from Babassu the Maranhao State (Brazil). According
to the authors, the Babassu oil collected from Lowlands
(BBL) present the highest concentration of lauric acid
(52.15%), as well relevant concentrations of myristic
acid (16.58%) and oleic acid (15.13%), when compared
to the other oils in this study. For this reason, BBL oily
extract was selected to take part of the formulations to
be evaluated in this study concerning the skin hydration
potential and skin pH.

According to the results shown in Figure 4, all formu-
lations increased the skin moisture when compared to
the skin control sites (without product application). The
incorporation of emollients from vegetable oils as topi-
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aquosa e oleosa, pela concentracdo dos emulsionantes
e pela adi¢@o de polimeros. A aceitagdo do consumidor
depende da sensibilidade, espessabilidade e oleosida-
de residual do produto apos a aplicagdo. Uma emulsdo
cosmética deve apresentar viscosidade que permita o
seu contato duradouro com a pele, mas a sua capaci-
dade de espalhar nao deve ser afetada por valores de
viscosidade elevados (32,35).

Em relagdo ao tamanho das gotas, segundo Robins ¢
colaboradores (30) e Merryweather (31), uma emulsdo
O/A deve apresentar uma fase dispersa de pequenas go-
ticulas de 6leo com diametros variando de 1 a 10 pum.
As formulacdes F1, F2 e F3 apresentaram tamanho mé-
dio de goticulas entre 7 ¢ 10 um, o que confirma que
estas formulagdes contendo extratos oleosos de Baba-
¢u tém tamanho adequado para uma emulsdo cosmé-
tica (13,30,31). Com base na observagdo microscopi-
ca, verificamos que quanto menores e homogéneos os
globulos, maior a tendéncia de uma formulagio para a
estabilidade. As emulsdes com um grande nimero de
células pequenas sao altamente eficientes como produ-
tos farmaceéuticos e/ou cosméticos (36).

Ensaios de eficacia in vivo por biometria cutinea:
avaliagdo do pH e da humidade da pele

Alguns autores demonstraram que os acidos graxos
essenciais, laurico (C12:0), miristico (C14:0) e oleico
(C18:1) de 6leos de palma, como o Babagu, promovem
uma boa hidrata¢do da pele (37,38). Como todas as
formulagdes testadas (F1, F2 e F3) contendo o6leos de
Baba¢u mostraram-se estaveis, o critério de escolha da
fonte de 6leo para os estudos do potencial de hidratagdo
da pele e os efeitos do pH, foram baseados na com-
posi¢do quimica e nas concentragdes de dcidos graxos
essenciais presentes nos 6leos de Babagu, previamente
determinado (7) como o 6leo de Babag¢u coletado na
Baixada Maranhense (BBL).

Em estudos anteriores do grupo de pesquisa, Santos
e colaboradores (7) realizaram uma analise cromato-
grafica para quantificar os acidos graxos presentes em
diferentes amostras de 6leos de Babagu do Estado do
Maranhao (Brasil). De acordo com os autores, o 6leo
de Babacu obtido da Baixada Maranhense (BBL) apre-
senta a maior concentragdo de acido laurico (52,15%),
bem como concentrag¢des relevantes de acido miristico
(16,58%) e acido oleico (15,13%) quando comparado
com outros 0leos deste estudo. Por esta razio, o extrato
oleoso BBL foi selecionado para fazer parte das formu-
lacdes a serem avaliadas neste estudo quanto ao poten-
cial de hidratag@o da pele e pH da pele.

De acordo com os resultados mostrados na Figura 4,
todas as formula¢des aumentaram a humidade da pele



cal components may act by providing lipid content and
thus protection to the skin matrix. Also, these lipids are
able to help in the treatment of some skin diseases such
as psoriasis and atopic dermatitis, caused by abnormal
skin barrier function (39).

The addition of Hidraskin® in F4 did not appear to
improve skin hydration, as F3 was prepared with only
BBL and presented the same moisturising effect on the
skin. It could be suggested that since the formulation
base that was chosen to this study presented skin con-
ditioning, emollient and humectant ingredients (e.g.
cetostearyl alcohol ethoxylate, glyceryl monostearate
and glycerin), F6 presented a hydration potential even
without containing Hidraskin® or BBL.

Regarding the skin pH, the results obtained (Figure 5)
are in agreement with the findings of Wagner and cow-
orkers (27), in which the researchers verified that for-
mulations with pH from 5.0 to 7.0 are compatible with
skin which presents its surface pH slightly acidic, with
pH around 5.0-6.0(27,40). Any modification in the skin
pH could lead to allergies and other skin conditions
(27,40,41). Therefore, the formulation prepared in this
work is a good candidate for a skin moisturiser.
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quando comparadas com os locais de controle da pele
(sem aplicagdo do produto). A incorporagdo de emo-
lientes a partir de 6leos vegetais como componentes to-
picos, pode atuar fornecendo teor de lipideos, e assim,
prote¢do a matriz da pele. Além disso, esses lipideos
sdo capazes de ajudar no tratamento de algumas doen-
cas de pele, tais como psoriase e dermatite atdpica, cau-
sada por fungdo de barreira anormal da pele (39).

A adigdo de Hidraskin® em F4 ndo pareceu melhorar
a hidratagdo da pele, enquanto que F3 foi preparado
apenas com BBL e apresentou o mesmo efeito hidra-
tante sobre a pele. Pode-se sugerir que, uma vez que a
formulagao base escolhida para este estudo apresentou
agentes condicionantes da pele, emolientes e umectan-
tes (por exemplo, alcool cetoestearilico etoxilato, mo-
noestearato de glicerila e glicerina), F6 apresentou um
potencial de hidratagdo mesmo sem conter Hidraskin®
ou BBL.

Em relagdo ao pH da pele, os resultados obtidos (Figura
5) estdo de acordo com os achados de Wagner e cola-
boradores (27), nos quais os pesquisadores verificaram
que as formulagdes com pH de 5,0 a 7,0 sdo compa-
tiveis com a pele, que apresenta pH superficial ligei-
ramente acido, com pH em torno de 5,0-6,0 (27,40).
Qualquer alteracdo no pH da pele pode levar a alergias
e outras condigdes da pele (27,40,41). Portanto, a for-
mulacdo preparada neste trabalho ¢ um bom candidato
para um hidratante de pele.

N~ 0 O
! ! ! !

Skin pH/ pH da pele

O = W s W
A R T T SR

F3 (BBL) F4
Formulations/ Formulacdes

—

F5 F6

Figure 5/ Figura S - Results of skin pH after the application of F3
(BBL), F4, F5 and F6
Resultados do pH da pele apods % gphcagﬁo de F3 (BBL), F4,F5 ¢
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Conclusions

Babassu oily extracts were obtained from the species O.
phalerata and used to develop cosmetic formulations in
the form of O/W emulsions at the concentration of 10%
by weight. These formulations were evaluated con-
cerning their physicochemical properties up to 30 days
through stability assays. During the stability assays,
the emulsions presented constant viscosity, density,
droplets size distribution and pH compatible with skin
pH. Furthermore, these formulations did not present
creaming process or phase separation, being considered
stable. The main important study of this work was the
in vivo efficacy assay, performed by cutaneous biom-
etry, where skin hydration and pH were evaluated. The
results showed an enhancement in skin hydration for
the Babassu oily extract from Lowlands region (BBL).
This property could be related to the presence of high
amounts of lauric acid in BBL which explains its high
moisturising potential. No changes in the skin pH of
the volunteers were observed. It could be suggested that
formulations containing BBL are promising candidates
for cosmetic moisturisers due to the moisturising effect
on the skin without disturbing its natural pH.
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Conclusoes

Os extratos oleosos de Babagu foram obtidos da espécie
O. phalerata e utilizados para desenvolver formulag¢des
cosméticas na forma de emulsdes O/A na concentragao
de 10% em peso. Estas formulagdes foram avaliadas
quanto as suas propriedades fisico-quimicas até 30 dias
através de ensaios de estabilidade. Durante os ensaios
de estabilidade, as emulsdes apresentaram viscosidade
constante, densidade, distribui¢do de tamanho das go-
ticulas e pH compativel com o pH da pele. Além disso,
estas formulagdes ndo apresentaram processo de cre-
meagdo ou separacdo de fases, sendo consideradas es-
taveis. O principal estudo deste trabalho foi o ensaio de
eficacia in vivo, realizado por biometria cutanea, onde a
hidratagdo da pele e o pH foram avaliados. Os resulta-
dos mostraram um aumento na hidratagdo da pele para
0 extrato oleoso de Babagu da regido da Baixada Mara-
nhense (BBL). Esta propriedade pode estar relacionada
com a presenga de grandes quantidades de acido laurico
no BBL, o que explica seu elevado potencial hidratan-
te. Ndo foram observadas alteragdes no pH da pele dos
voluntarios. Pode-se sugerir que as formulagdes con-
tendo BBL sdo candidatos promissores para hidratantes
cosméticos devido ao efeito hidratante sobre a pele sem
perturbar seu pH natural.
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