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FILIPE, Giovanna Amaral. Producéo e aplicacao de soforolipidios de Starmerella bombicola
em formulacBes cosmecéuticas. 2022. 78 f. Dissertacdo (Mestrado em Biotecnologia) —
Universidade Estadual de Londrina, Londrina, 2022.

RESUMO

A tendéncia atual € a busca por produtos cosméticos com ingredientes naturais, sustentaveis e
inovadores. Os soforolipidios, sdo glicolipidios produzidos por microrganismos gque apresentam
boa compatibilidade com a pele, propriedades antioxidante e antimicrobiana com possivel
aplicacdo na area. O objetivo desse trabalho foi produzir e a aplicar soforolipidios de
Starmerella bombicola para desenvolvimento de novas formulagdes cosmecéuticas: gel creme
com adicdo de Oleo essencial de palmarosa com e sem conservante quimico e filmes
biopoliméricos de pululana e amido com concentragdes diferentes de soforolipidios (0, 2,5, 5,0
e 10,0%) com e sem agente reticulante &cido citrico. A atividade antimicrobiana dos
soforolipidios foi avaliada contra patdégenos da pele e apresentou a concentracdo inibitdria
minima (MIC) de 31,25 pg/mL para Staphylococcus aureus e 1250 pg/mL para
Staphylococcus epidermidis. A adicdo de Oleo essencial de palmarosa expressou efeito
sinérgico na atividade antimicrobiana reduzindo em 98% o MIC para S. aureus em 50% para
S. epidermidis. A atividade antioxidante dos soforolipidios foi de 28,31% (4 mg/mL) e com a
adicdo de Oleo de palmarosa aumentou para 55%. A formulacdo gel creme sem adicdo do
conservante quimico apresentou estabilidade por 60 dias se mostrando autoconservante e com
100% de eficiéncia contra os patdgenos S. aureus, S. epidermidis e Propionibacterium acnes.
Os filmes biopoliméricos contendo pululana, amido e soforolipidios formaram filmes inteiros,
sem bolhas ou rachaduras indicando uma boa interacdo entre os componentes. A adicdo de
soforolipidios resultou em superficies mais opacas e aumentou a solubilidade dos filmes sem o
acido citrico. Os filmes com adicdo de acido citrico apresentaram melhores propriedades
hidrofilicas e mecanicas. Quanto a atividade antimicrobiana, todos os filmes contendo
soforolipidios foram capazes de inibir 100% do crescimento de S. aureus e S. epidermidis. Esses
estudos mostraram a eficiencia dos soforolipidios para aplicacdo em formulagdes comeceuticas,
levando a possibilidade de desenvolver produtos inovadores, sustentaveis sem o0 uso de
conservante quimico.

Palavras-Chave: cosmecéuticos; autoconservante; acne; patégenos da pele.



FILIPE, Giovanna Amaral. Production and application of sophorolipids from Starmerella
bombicola in cosmeceutical formulations. 2022. 78p. Master's dissertation in Biotechnology
Universidade Estadual de Londrina, Londrina, 2022.

ABSTRACT

The current trend are the cosmetic products with natural, sustainable and innovative ingredients.
Sophorolipids are glycolipids produced by microorganisms, present good skin compatibility,
antioxidant and antimicrobial properties with important application in this area. The aim of this
research was to produce and to applicate of sophorolipids from Starmerella bombicola for the
development of new cosmeceutical formulations: cream gel with addition of palmarosa
essential oil with and without a chemical preservative and biopolymeric films of pullulan and
starch with different concentrations of sophorolipids (0, 2.5, 5.0 and 10.0%) with and without
citric acid crosslinking agent. The antimicrobial activity of sophorolipids was evaluated against
skin pathogens and presented the minimum inhibitory concentration (MIC) was 31.25 pg/mL
for Staphylococcus aureus and 125.0 pg/mL for Staphylococcus epidermidis. The addition of
palmarosa essential oil expressed a synergistic effect on antimicrobial activity, reducing the
MIC by 98% for S. aureus and 50% for S. epidermidis. The antioxidant activity of sophorolipids
was 28.31% (4 mg/mL) and with the addition of palmarosa oil it increased to 55%. The cream
gel formulation without the addition of chemical preservative was stable for 60 days, showing
self-preservation and 100% efficiency against the pathogens S. aureus, S. epidermidis and
Propionibacterium acnes. The biopolymer films containing pullulan, starch and sophorolipids
formed whole films, without bubbles or cracks, indicating a good interaction between the
components. The addition of sophorolipids resulted in more opaque surfaces and increased the
solubility of the films without citric acid. The films with the addition of citric acid showed
better hydrophilic and mechanical properties. As for the antimicrobial activity, all films
containing sophorolipids were able to inhibit 100% of the growth of S. aureus and S.
epidermidis. These studies showed the efficiency of sophorolipids for application in starter
formulations, leading to the possibility of developing innovative, sustainable products without
the use of chemical preservatives.

Keywords: cosmeceuticals; self-preservative; acne; skin pathogens.
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1 INTRODUCAO

A industria de cosméticos e higiene pessoal desempenha grande importancia
econdmica, social e ambiental. Segundo dados da Associagdo Brasileira da Industria de
Higiene Pessoal, Perfumaria e Cosmético o mercado de cosméticos naturais tem ganhado
espaco em todo o territorio nacional, com expectativa de faturamento de US$ 25,11
bilhdes até 2025. Considerando o interesse dos consumidores nos beneficios dos
cosmeéticos naturais, principalmente os produtos para os cuidados da pele, a industria
acredita em um crescimento de 5% a 10% nos préximos cinco anos.

Biodegradabilidade,  sustentabilidade, baixa toxicidade, além da
multifuncionalidade sdo alguns dos beneficios de incluir derivados naturais, como
extratos de plantas e moléculas biotecnoldgicas em formulagfes cosméticas. O principal
destaque é o uso dos biossurfactantes, moléculas produzidas por microrganismos e com
recursos renovaveis. Surfactantes ndo naturais, como lauril sulfato de sédio bastante
utilizado em cosméticos pode interagir com superficie epidérmica causando irritacdes e
reacOes alérgicas. Os biossurfactantes sdo biocompativeis, por isso evitam efeitos nocivos
a pele podendo ser utilizado em diferentes areas como salde, agricola, farmacéutica e em
destaque a industria cosmética.

Dentre os biossurfactantes, na classe dos glicolipidios, os soforolipidios sdo
moléculas produzidas por algumas espécies de microrganismos, destacando a Starmerella
bombicola com bom rendimento de producdo. Os soforolipidios apresentam
caracteristicas emulsificantes, espumantes e efeitos tensoativos que podem auxiliar o
desenvolvimento de formulagcBes cosméticas, mas principalmente, apresentam boa
compatibilidade com a pele e importantes propriedades antimicrobianas e antioxidantes.

Outros ingredientes que tem se destacado e ja sdo amplamente utilizados em
formulacBes cosméticas sdo 0s 0Oleos essenciais. Os 0Oleos essenciais sd0 compostos
liquidos volateis extraidos de plantas, utilizados em aromaterapia, alimentos e na terapia
médica, especialmente por suas atividades antimicrobianas, antioxidantes, antifingicas e
inseticidas. Muitos estudos mostram o Oleo essencial de palmarosa (Cymbopogon
martinii) possui atividade antioxidante e antimicrobiana contra bactérias Gram-positivas
e Gram-negativas. Sua composi¢do é rica em monoterpenos e geraniol, concedendo uma
fragrancia agradavel e eficiéncia na inibi¢éo de crescimento bacteriano.

Uma formulagdo cosmecéutica, ou dermocosmético, € a combinacdo entre

cosmético e um produto farmacéutico, que apresenta em sua composi¢do ativos que
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possam melhorar a satde da pele, trazendo beneficios semelhantes aos medicamentos.
Sendo assim, doengas como infe¢des bacterianas da pele, principalmente a acne, que €
causada por espécies de Staphylococcus e Propionibacterium podem ser o foco para a
utilizacdo de formulagdes cosmecéuticas, com ativos antimicrobianos capazes de reduzir
a presenca desses patdgenos.

Considerando que o consumidor estd mais exigente, a industria busca por
moléculas sustentaveis e multifuncionais para o desenvolvimento de novos produtos
cosmecéuticos, que apresentem propriedades biologicas e atendam o mercado de
produtos naturais. Assim nesse trabalho os soforolipidios produzidos pela levedura
Starmerella bombicola e dleo essencial de palmarosa foram utilizados para desenvolver
novas formulacdes cosmecéuticas, com propriedades antimicrobiana, antioxidante e

hidratante.


https://www.msdmanuals.com/pt/casa/infec%C3%A7%C3%B5es/infec%C3%A7%C3%B5es-bacterianas-bact%C3%A9rias-gram-positivas/infec%C3%A7%C3%B5es-por-staphylococcus-aureus
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Produzir e aplicar os soforolipidios de Starmerella bombicola para

desenvolvimento de novas formulagBes cosmecéuticas.

2.2 OBJETIVOS ESPECIFICOS

e Produzir e caracterizar os soforolipidios de S. bombicola;

e Verificar as propriedades antioxidantes e antimicrobianas dos soforolipidios e do
6leo de palmarosa;

e Aplicar soforolipidios e 6leo essencial de palmarosa no desenvolvimento de
cosmético gel-creme antiacne;

e Caracterizar 0 gel creme quanto a estabilidade, ensaios organolépticos, fisico-
quimicos, retencdo de umidade e propriedades antioxidantes e antimicrobianas;

e Aplicar os soforolipidios produzidos no desenvolvimento filmes biopoliméricos
de pululana e amido;

e Caracterizar os filmes biopoliméricos quanto aos aspectos fisico-quimicos e

propriedades antimicrobianas.
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3 REVISAO BIBLIOGRAFICA

3.1 SOFOROLIPIDIOS: BIOSSINTESE E PRODUCAO

Os soforolipidios sdo biossurfactantes de origem microbiana, pertencentes a classe
dos glicolipidios. Estruturalmente, eles foram identificados por Asmer et al. (1988) como
um dissacarideo (O B-D-glicopiranosil-2-1-B-D-glicopiranose), conhecido como
soforose, unido por uma ligagdo B-glicosidica com o carbono terminal (®) ou sub-
terminal (w-1) de uma cadeia de acido graxo. Durante a fermentacdo, uma mistura de
formas acidicas e lactdnicas sdo produzidas, onde a cauda de &cidos graxos pode estar
livre na forma acidica (Figura 1- B) ou esterificada com o carbono da soforose (Figura 1-
A) na forma lactonica, apresentando uma estrutura de anel fechado.

Figura 1 - Estrutura quimica da forma lactdnica (A) e acidica (B) do soforolipidios

Fonte: QUEIROZ et al. (2019).

Outras variacGes estruturais estdo relacionadas ao padrdo de acetilacdo,
comprimento da cadeia, saturacdo, posicdo da hidroxilacdo do acido graxo e as
proporcdes das formas acidicas ou lactdnicas no produto final (MA et al., 2020). A
levedura Starmerella. bombicola se destaca por ser boa produtora, produzindo
soforolipidios predominantemente de forma lactonica diacetilada (posi¢do 6°, 6°’), com
cadeias de acidos graxos com 18 atomos de carbono e monoinsaturado (C18:1) quando
ha glicose e acido oleico como substratos (SILVEIRA et al., 2019).

A biossintese de soforolipidios ocorre ao final da fase exponencial e inicio da fase
estacionaria, em condicdes de nitrogénio limitante (QUEIROZ et al., 2019). Na Figura 2
ilustra-se a biossintese de soforolipidio em 6 etapas. Inicialmente é necessaria a
disponibilizagdo dos &cidos graxos a partir de substratos lipofilicos fornecidos por lipases.

Esses acidos graxos podem ser metabolizados na via de B-oxidagdo, quando ha
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necessidades energéticas ou atuar como precursor para a sintese de soforolipidios, sendo
hidroxilados por uma monooxigenase CYP52M1 na reacdo (1). Nesta etapa, pode
acontecer a incorporacdo direta dos &cidos graxos aos soforolipidios quando na presenca
de &cidos graxos de C16 e C18 devido a especificidade da enzima monooxigenase,
enguanto que substratos de outros comprimentos séo alongados (atraves de Acetil-CoA)
ou metabolizados pela f-oxidacdo (ROELANTS et al., 2019; ZERHUSEN et al., 2019).

Na etapa (2) (Figura 2) ocorre a incorporagdo da primeira molécula de glicose por
uma glicosiltransferase UGTAL e subsequentemente a préxima glicosilacdo (3) por
UGTB1 dando origem ao soforolipidio acido ndo acetilados. As varia¢@es estruturais de
acetilacdes da soforose ocorrem pela enzima acetiltransferase (4), utilizando Acetil-Co
como substrato. A formacéo de derivados lactdnicos acontece ap6s o transporte para o
espaco extracelular por uma proteina transportadora (5), através de uma reacdo de

esterificacdo pela enzima lactona esterase (6) (ROELANTS et al., 2019).

Figura 2 - llustracdo da via de producgéo dos soforolipidios de S. bombicola
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A producdo de soforolipidio esta intimamente relacionada com as condicdes
especificas de crescimento celular, com a composicdo do meio de cultura e os
microrganismos utilizados. Para VVan Bogaertet et al. (2011) uma producéo eficiente de
soforolipidios ocorre utilizando quantidades de 100 g.L' de glicose, uma fonte
hidrofobica (6leos, alcanos e acidos graxos) e uma fonte de nitrogénio. Também podem
ser adicionados ao meio de cultivo, outras substancias como citrato (composto
tamponante) e minerais como Mg?*, Fe**, Ca?*, Zn?*e Na* que auxiliam no crescimento
do organismo. O tempo de fermentacdo ocorre em tempos tardios, em cerca de 10 dias,
por ser um metabolito secundario. As temperaturas de producéo variam de 25°C a 30°C
e 0 pH 3,5 é considerado ideal.

Kurtzman et al. (2010) estudaram a sintese de soforolipidios por 19 espécies de
Candida através da fermentacdo submersa em frascos de Erlenmeyer por 96 horas,
utilizando como substratos glicose, acido oleico e extrato de levedura. As cepas que se
destacaram foram S. bombicola (48,9 g.L%); C. apicola (52,7 g.L™%); C. riodocensis (8,3
g.L Y e uma nova espécie Candida sp. NRRL Y-27208 (20,1 g.L ™). Producbes menores
que 0,5 g.L de soforolipidios foram encontradas para os microrganismos C. bombi; C
floricola; C. zemplinina; C.stellata; C lactis-condensi; C. cellae; C. etchellsii; C.floris;
C.magnoliae; C.geochares; C.vaccinii; C.apis; C.gropengiesseri; C.bombiphila e C.
sorbosivorans.

Outros microrganismos identificados como produtores de soforolipidios incluem
Wickerhamiella domercgiae, que produziu 40,7 g.L* em meio contendo glicose e acido
oleico (LIU et al., 2016); Rhodotorula bogoriensis que produziu em biorreator 51,0 g.L-
! com glicose e extrato de levedura (SOLAIMAN et al., 2015a), e R. babjevae que
produziu 16,6 g.L* com glicose e meio mineral (SEN et al., 2017). Valores de producéo
de soforolipidios maiores que 100 g.L* utilizando glicose e acido oleico ja foram obtidos
em fermentacbes em biorreatores utilizando S. bombicola produzindo 199 g.L*
(DELBEKE et al., 2016) e C. albicans geneticamente modificada produzindo 484,0 g.L"
L (ZHANG et al., 2018).

Apos a produgdo de soforolipidios sdo necessérias etapa de purificacdo e
caracterizagdo para possiveis aplicacfes, assim, varios métodos séo utilizados para obter
estes glicolipidios mais puros. A separagdo do extrato bruto pode ser feita utilizando
solventes organicos (acetato de etila e hexano), a quantificacdo por gravimetria (peso
seco), utilizacdo de cromatografia de alta eficiéncia (fase mével de agua e acetonitrila) e
espectroscopia de massas sdo essenciais para a identificacdo e separacdo das diferentes
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formas estruturais dos soforolipidios (FONTOURA et al., 2020). A caracteriza¢do por
ressonancia magnética nuclear ajuda a confirmar as estruturas mais importantes
(MINUCELLI et al., 2016).

3.2 PROPRIEDADES DOS SOFOROLIPIDIOS PARA APLICAGCAO NA INDUSTRIA DE COSMETICOS

Entre todos os biossurfactantes usados na industria cosmética, os glicolipidios e
lipopeptidios séo os preferidos pelo seu perfil multifuncional, baseado principalmente em
suas propriedades fisico-quimicas e atividades bioldgicas. Os soforolipidios apresentam
propriedades emulsificantes, espumantes, umectantes e de alto poder detergente. Além
disso, suas propriedades bactericidas e bacteriostaticas sdo interessantes para o controle
da caspa, tratamento da acne, podendo ser até incorporados como ingrediente ativo em
desodorantes. Existem produtos cosméticos, como batom para os labios em forma de
lapis, creme labial, sombra para os olhos, cosméticos em pd comprimido e solugdes
aquosas, onde os soforolipidios tém sido adicionados (MOLDES et al., 2020).

Os soforolipidios apresentam boa compatibilidade com a pele com alta permeacéo
e hidratagdo, podem apresentar atividade antioxidante e uma importante agéo
antimicrobiana representando ainda uma alternativa biodegradavel para a aplicagdo em
cosméticos (LOURITH; KANLAYAVATTANAKUL, 2009). Assim uso de
soforolipidios como principios ativos em formulagdes cosmecéuticas pode ser importante
para a industria de higiene pessoal e cosméticos, e poucos relatos sdo encontrados na

literatura.

3.2.1 Solubilidade E Permeacdo Na Pele

Os soforolipidios possuem ampla estabilidade a variagdo de pH, séo sollveis a
agua em pH neutros, mas ficam dispersos em pH acidos. Eles se dissolvem muito bem
em etanol, metanol, acetonitrila e DMSO e sdo soltveis em 6leo mineral, 6leos vegetais,
glicerol e propileno glicol (VAN BOGAERT et al., 2011).

Caretta et al. (2021) realizaram testes de estabilidade com os soforolipidios
produzidos por S. bombicola analisando a temperatura, pH e luz ultra violeta pela analise
da tensdo superficial. Cada parametro foi avaliado separadamente usando o0s
soforolipidios diluidos em agua destilada na concentracdo micelar de 65 mg L. Os testes

de estabilidade mostraram que ndo houve varia¢Ges da superficie dos soforolipidios,
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mantendo sua tensdo superficial estavel, inclusive apds autoclavagem, pH até 10 e sobre
radiacdo ultravioleta. Esses dados mostram que o soforolipidios produzidos apresentam
boa estabilidade nas diferentes condigOes estudadas, o que o qualifica para aplicacdo
industrial.

Vecino et al., (2017) que discutem o uso de biossurfactantes em cosméticos, e
relatam que os cosméticos como logBes, geis e hidratantes em cremes contendo
substancias lipofilicas podem aumentar a umidade da pele, bem como promover barreiras
de permeacdo das camadas epidérmicas, auxiliando no equilibrio, principalmente em
peles asperas e secas. A alta permeacdo de biossurfactantes através da pele se relaciona
com a semelhanca com membranas celulares da pele com as estruturas de agucares e
lipidios que compdem os biossurfactantes. Considerando que a taxa relativa de difuséo
de compostos na bicamada lipidica das células da pele depende de afinidades dos
compostos em contato, os compostos lipofilicos atravessam membranas na pele mais

facilmente que os hidrofilicos.

3.2.2 Atividade Antioxidante

A atividade antioxidante dos soforolipidios tem sido estudada para a aplicacéo
industrial, desde 1998 em trabalhos de Hillion et al. que estudaram o efeito antirradical
livre para uso em cosmético, em produtos de higiene pessoal e farmaco-dermatoldgicos
para cuidados de cabelo e pele. Os soforolipidios apresentaram efeitos de captura de
radicais livres contra derivado de oxigénio (radical hidroxila) em 97% a 100% nas
concentracdes de 0,028% e 2,5% (p/v) respectivamente. As formas acidicas apresentaram
efeito de captura de radicais livres de 98% com apenas 0,0092% de matéria seca (p/v).
Além disso, os autores observaram que os soforolipidios (0,125 g/mL) mostraram efeito
protetor de 47% contra radicais livres gerados por luz ultravioleta em cultura de
fibroblastos.

Yang et al. (2012) demonstraram a atividade antioxidante de soforolipidios de S.
bombicola produzidos com substratos 6leo de soja e acido oleico pelo método de 2,2-
difenil-1-picrilhidrazil (DPPH). Os resultados mostraram uma atividade antioxidante de
15 a 60% utilizando 6leo de soja e de 5 a 20% utilizando acido oleico, e com dose
dependente de 3,125 mg/mL até 50 mg/mL de soforolipidio.

Hoa et al. (2017) realizaram a producdo e caracterizacdo de soforolipidios

utilizando 6leo de peixe e avaliaram suas atividades antioxidantes, também pelo método
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de DPPH, e os resultados mostraram a capacidade dos soforolipidios em eliminar
moléculas de radicais livres com concentracdo inibitéria (ICso) de 4,45 mg/mL com
porcentagem de inibicdo variando de 10 a 80%.

3.2.3 Atividade Antimicrobiana

A atividade antimicrobiana dos soforolipidios tem sido estudada desde o final dos
anos 1980. Um dos primeiros relatos de soforolipidios como agentes antimicrobianos foi
de Lang et al. (1989) onde os pesquisadores testaram soforolipidios de Torulopsis
bombicola (S. bombicola) para bactérias Gram positivas: Bacillus subtilis,
Staphylococcus Epidermidis, Streptococcus faecium e Propionibacterium acne; Gram
negativas: Pseudomonas aeruginosa e para os fungos Candida albicans e Glomerella
cingulata. Nestes estudos, os soforolipidios demonstraram efeitos antibacterianos para as
bactérias Gram positivas. As formas lactébnicas mono e diacetilada apresentaram
concentracdo inibitoria minima (MIC) de 6 a 15 mg/mL para B. subtilis, S. epidermidis e
S. faecium e a forma acidica inibiu B. subtilis.

A atividade antimicrobiana do soforolipidio é caracterizada por mudancas ou
ruptura da membrana, induzindo a lise e possivel extravasamento do conteddo
citoplasmatico das bactérias alvo. Esse efeito esta relacionado com a presenca das porcoes
de agUcar e carboidratos da molécula, sendo assim, os soforolipidios, gracas as suas
caracteristicas anfifilicas, diminuem a hidrofobicidade das membranas plasmaticas de
bactérias, apresentando caracteristicas bactericidas podendo induzir morte de células e
biofilmes de bactérias Gram positivas e Gram-negativas (FREITAS et al., 2018).

Essa atividade antimicrobiana tem sido estudada por nosso grupo em diferentes
microrganismos. Fontoura et al. (2020) produziram soforolipidios de S. bombicola
utilizando gordura de frango, e aplicaram contra bactérias Gram-negativas (Proteus
mirabilis, Escherichia coli, Salmonella enterica) e bactérias Gram-positivas
(Enterococcus faecium, Staphylococcus aureus e Streptococcus mutans). Os resultados
revelaram que houve reducdo da viabilidade microbiana quando o biossurfactante foi
aplicado na concentracdo de 0,5 mg/mL contra bactérias Gram-positivas e 2 mg/mL
contra bactérias Gram-negativas.

Hipdlito et al. (2020) testaram a acdo antimicrobiana dos soforolipidios contra 5
especies de fungos contaminantes de alimentos, e os testes de microdiluicdo em placas de

96 pogos mostraram acdo contra Fusarium oxysporum e cinco espécies de Aspergillus
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ssp. na concentracdo de 0,73 mg/mL, Botrytis. cinerea na concentragcdo 0,43 mg/mL e
Rhizopus ssp na concentragdo 0,23 mg/mL. Caretta et al. (2021) verificaram a agéo dos
soforolipidios contra os fitopatdgenos B. cinerea, Sclerotium rolfsii, Rhizoctonia solani
and Pythium ultimum que causam doencas em plantas.

Além de seus efeitos antimicrobianos, soforolipidios em combinagdo com outros
compostos também foram relatados. Silveira et al. (2019) testaram a atividade de
soforolipidio de S. bombicola (ATCC 22214) associados ao &cido lactico contra
Clostridium perfringens (ATCC® 3624 ™) ¢ Campylobacter jejuni (ATCC® 33560 ™),
Os resultados mostraram que, para C. perfringens, a concentracdo inibitéria minima
(MIC) de soforolipidio puro foi de 0,03 mg/mL, e em combinag&o com &cido latico, 0,015
mg/ mL. Para C. jejuni, o MIC dos soforolipidio puro foi de 10 mg/mL, e em combinacgéo
com &cido lactico, 5 mg/mL, mostrando que o tratamento combinado de soforolipidio e
acido latico foi capaz de manter a eficiéncia antibacteriana em apenas ¥ MIC de cada
composto, representando uma interacdo aditiva. Joshi-Navare et al. (2013) estudaram a
acdo sinérgica dos soforolipidios com antibidticos relatando que a combinagdo com
tetraciclina causou o aumento de 25% na atividade antimicrobiana para S. aureus e
guando combinados com cefaclor (antibidtico Cefalosporina) mostrou 48% de maior
inibicdo para E. coli.

Todos esses trabalhos demonstram a importante atividade antimicrobiana dos
soforolipidios e a ampla area de atuacao, levando as buscas pela atividade antimicrobiana
contra patdégenos que causam doencas bacterianas de pele e Oleos essenciais que

potencializem as acfes dos cosméticos.

3.3 PROPRIEDADES DOS OLEOS ESSENCIAIS PARA APLICACAO NA INDUSTRIA DE

COSMETICOS

Os Oleos essenciais sdo utilizados em produtos para a pele devido a sua
complexidade de compostos ativos, propriedades perfumantes e a demanda por produtos
de origem natural. Aléem da utilizacdo dos Oleos essenciais como fragrancia em
formulacBes cosméticas e perfumes, suas atividades antimicrobianas e antioxidantes
podem auxiliar na conservagao do produto, garantindo protecéo contra bactérias e fungos
e melhorando as propriedades dermocosméticas do produto final (SHERMEEN et al.,
2021). Alguns Gleos essenciais sdo utilizados para combater o envelhecimento da pele,

danos causados pela acne, para limpeza, para protecéo, para melhorar o odor, entre outras
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aplicacdes, sendo considerados valiosos na industria cosmética (CARVALHO;
ESTEVINHO, SANTQOS, 2016).

A atividade antimicrobiana dos 6leos essenciais esta relacionada com a sua
capacidade de romper e de permeabilizar as membranas celulares dos microrganismos,
por apresentarem na sua composicdo compostos com grupos funcionais, como
grupamentos hidroxilas, capazes de alterar as caracteristicas estruturais e funcionais
destas membranas, causando perda da integridade destas estruturas celulares, levando a
perda de macromoléculas e a lise celular (DREGER; WIELGUS, 2013). Hammer et al.
(1999) estudaram atividade antimicrobiana de cinquenta e dois 6leos essenciais contra
diversos microrganismos, tendo como resultado que o 6leo de capim-limé&o e de orégano
inibiram todos os organismos testados quando empregados em concentragdes acima de
2% (VIv).

Embora os 6leos essénciais sejam constituidos maioritariamente por compostos
pertencentes a familia dos terpenos, a quantidade de compostos fendlicos, flavonoides e
os polifendis que Ihes conferem caracteristicas antioxidantes (EDRIS, 2007). Wang e
colaboradores (2009) avaliaram quarenta e cinco tipos de 6leos essenciais comumente
usados quanto a sua capacidade de sequestro do radical DPPH, mostrando que o 6leo de
canela e de cravo apresentaram 0s melhores resultados, podendo apresentar atividade
antioxidante de 96,74% e 96,12% a 10 mg/mL, respectivamente.

Em destaque, o Oleo essencial de palmarosa (Cymbopogon martini) é
considerado atoxico e reconhecido como seguro pela Agéncia norte-americana Food and
Drug Administration dos Estados Unidos e amplamente utilizado em uma variedade de
aplicacbes devido ao seu potencial antioxidante, antimicrobiano, antifungico e
propriedades repelentes (JUMMES et al., 2020). Sua composicao inclui monoterpenos,
principalmente geraniol (cerca de 80%), hidrocarbonetos, metabdlitos carotendides e
metabolitos relacionados a via do chiquimato (CEBI, 2021). A atividade antimicrobiana
do oleo essencial de palmarosa foi estudada por Friedman et al. (2002), que encontraram
concentragOes bactericidas de 0,07 até 0,27 % (v/v) para E. coli, S. enterica, C. jejuni e
espécies de Monocytogenes. Scherer et al. (2009) observaram valores de MIC de 400 a
600 pg.mL* para S. aureus e E. coli respectivamente.

A combinacdo com outros componentes e a encapsulacéo de 6leos essenciais
sdo estratégias utilizadas para aumentar as atividades bioldgicas e/ou para melhorar a
estabilidade e biodisponibilidade desses compostos. O efeito sinérgico de dez 4leos
essenciais com antibidticos contra cepas de S.aureus e P.aeruginosas foi estudado por
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Oliveira et al. (2020), mostrando que todos os 6leos estudados representaram interacdes
aditivas e efeitos sinérgicos, destacando o 6leo essencial de palmarosa a 250 pug/mL, que
associado a penicilina foi capaz de diminuir o seu MIC de 4,00 pg/mL para 0,06 pg/mL,
0 que corresponde a uma diminuicdo de 64 vezes a atividade antimicrobiana para S.
aureus LMG 15975.

Sendo assim, os 6leos essenciais sdo considerados produtos de origem natural
cujas propriedades multifuncionais sdo bastante atrativas para as industrias cosmética e
farmacéutica no desenvolvimento de produtos de origem natural e biodegradavel, que

sejam igualmente eficazes para as atuais necessidades dos consumidores.
3.4 DOENCAS BACTERIANAS DE PELE

Espécies microbianas que residem permanentemente na pele estdo em equilibrio
dindmico com o tecido do hospedeiro e sdo constituidas de bactérias Gram-positivas
Propionibacterium, Staphylococcus, Micrococcus, Corynebacterium e Acinetobacter, e
principalmente S. epidermidis (cerca de 90%). No entanto, alguns microrganismos
patogénicos podem estar presentes como S. aureus relacionado a dermatites e infec¢oes
de pele, bem como os microrganismos transitérios tais como E. coli e P. aeruginosa
(RAMASAMY et al., 2019).

O fator mais comum que leva ao desenvolvimento de infec¢bes de pele envolve
uma violacdo da barreira da pele, causando feridas e posterior contaminacdo por
microrganismos, principalmente por espécies de Staphylococcus e Streptococcus
(INRAHIM et al., 2015). O microrganismo S. aureus € um dos principais causadores de
doengas como endocardite, bacteremia, pneumonia e também pode gerar infeccdes da
pele, desencadeando desde sintomas leves a condicdes fatais, por isso é considerado o
principal causador de infec¢Ges hospitalares (MARQUES; ABBADE, 2020).

A acne vulgaris (comumente chamada de acne) é uma das mais comuns doengas
de pele cronica. E uma doenca que comega, muitas vezes, no inicio da adolescéncia
causando dor, seborreia, lesdes e cicatrizes, afetando regides sebaceas distribuidas no
rosto, pescoco e membros superiores a qual também influéncia diretamente em efeitos
psicolégicos e no bem-estar do paciente (RAMASAMY et al., 2019).

Segundo Xu e Li (2019), os fatores que contribuem para a acne sédo: a
hipersecrecdo do sebo, proliferagdo anormal e/ou diferenciacdo de queratindcitos no

foliculo piloso, colonizacao bacteriana e resposta inflamatdria do hospedeiro.desta forma,
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observa-se hiperproliferacdo de Propionibacterium acnes e atuando como gatilho do
sistema imunoldgico levado a inflamagdo cutdnea na unidades pilosebéaceas. Pode
envolver também outras espécies, como S. aureus, S. epidermidis e alguns fungos do
género Malassezia (DRENO et al. 2020).

As infecgdes bacterianas da pele se ndo tratadas podem levar a complicacdes
com risco de vida, incluindo sepse, endocardite e infecgbes dGsseas e articulares
(ALEXANDER et al. 2019). De acordo com Cong et al. (2019), P. acnes e S. aureus
possuem propriedades virulentas as quais induzem a degradacéo do tecido hospedeiro,
incluindo liberacdo de lipases, liases e outros fatores.

Os agentes anti-acne comumente usados incluem retindides, perdxido de benzoila,
acido azelaico, antibidticos e agentes hormonais. Entretanto, alguns estudos relatam a
ocorréncia de efeitos adversos incomuns e graves em decorréncia de alguns tratamentos,
tais como alteracGes cutaneas e efeitos toxicos sistémicos podendo haver ressecamento
de pele e corpo, aumento do colesterol, triglicerideos e enzimas hepaticas (PASCHOAL
et al. 2020). Além disso, 0 uso de medicamentos antibiéticos pode acarretar em
desenvolvimento de cepas resistentes a antibioticos e a formacdo de um biofilme com
agregacdo complexa de polimeros extracelular, que confere resisténcia a células
inflamatorias do hospedeiro e a agentes antibacterianos, trazendo dificuldades para os
tratamentos dos pacientes (CONG et al. 2019). Diante disso, a busca por substancias
ativas naturais que tenham atividades antimicrobianas e que apresentem beneficios para
0s pacientes, tanto com acnes tanto com infe¢Ges bacterianas de pele, estd em constante

ascendéncia.
3.5 FORMULACOES COSMECEUTICAS

Formulacfes cosmecéuticas sdo basicamente cosméticos funcionais, capazes de
assegurar a aplicagdo topica das substancias biologicamente ativas, trazendo beneficios
semelhantes aos medicamentos (DRAELOS, 2009; NEWBURGER, 2009). Varias
matrizes podem ser usadas como veiculos de transporte de ativos no local da aplicacéo,
como as formulagdes com bases cosméticas (SILVA et al. 2020) e também os filmes
biodegradaveis tém se destacado nos ultimos anos (Ashby et al. 2011; Solaiman et al.
(2015b)

Dentre as bases cosméticas que se destacam estdo as emulsdes e os hidrogéis,

devido as caracteristicas de facil espalhabilidade e alta estabilidade. Os hidrogéis séo
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formados de polimeros hidrofilicos que formam sistemas tridimensionais, originando
redes que protegem a fase liquida e impedem o extravasamento e colapso da estrutura
(processo chamado de geleificacdo). A sensagdo para os usuarios é de frescor, com boa
espalhabilidade além de ser transparente e ndo gorduroso (FREITAS et al., 2015). Silva
et al. (2020) desenvolveram formulacdes cosmecéuticas com hidrogel utilizando levana
e 0leo essencial de canela com caracteristicas antioxidantes, hidratantes e antimicrobianas
contra 0s microrganismos S. aureus, Staphylococcus spp, E. coli e P. aeruginosa tendo a
com capacidade de hidratacdo de 92% resultando em um cosmecéutico multifuncional.

Os filmes biodegradaveis sdo formados geralmente por um biopolimero,
(poliésteres, polissacarideos ou proteina), agentes plastificantes (glicerol ou sorbitol)
agente ajustador de pH e solventes (4gua, metanol, etanol entre outros) (SCUDELER,
2019). Para aplicacdo na pele, os filmes devem ser atoxicos, ndo aderentes, ndo
alergénicos, devem manter o meio Umido e serem facilmente removidos sem trauma
(VOSS et al., 2020). Ashby et al. (2011) e Solaiman et al. (2015b) estudaram varias
matrizes incluindo polihidroxibutirato (PHB), alginato, pectina, acido polilatico (PLLA)
e policaprolactona para a aplicacéo topica facial de soforolipidios de S. bombicola contra
a bactéria oportunista da acne Propionibacterium acnes, trazendo novas possibilidades
para tratamentos alternativos da doenga acne.

A pululana é facilmente solivel em agua, produz pastas e filmes incolores,
inodoros e atdxicos. Estudos realizados com a pululana mostraram que esse biopolimero
pode ser utilizado como veiculo para compostos bioativos, filmes comestiveis,
embalagens para alimentos e produtos farmacéuticos. Chen et al. (2018) utilizaram os
soforolipidios como antimicrobiano em uma formulacdo contendo pululana, promovendo
100% de inibicdo de S. aureus utilizando 2,4 g.L™ de soforolipidios e 28% e 14,53% de
inibicdo para E.coli e C. albicans respectivamente quando utilizado 4.0 g.L™* do ativo.

O amido também se destaca devido ao seu baixo custo e alta disponibilidade para
producéo de filmes. Hipolito et al. (2021) produziram pela primeira vez filmes a base de
amido com soforolipidios e analisaram suas propriedades mecanicas, barreiras,
microestruturas, solubilidade e atividade antimicrobiana. Os resultados mostraram uma
boa incorporacdo de soforolipidios aos filmes de amido, sendo filmes termoestaveis,
flexiveis e apresentaram promissora atividade antifingica nas concentragdes de 5% e

10% (p/v) de soforolipidios com total inibicdo para o fungo Botrytis cinerea.
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4 MATERIAL E METODOS

4.1 MICRORGANISMOS E PRESERVACAO

Producdo de soforolipidios: Starmerella bombicola ATCC 22214, obtida da
American Type Culture Collection (ATCC, Manassas, USA), que faz parte da colecdo de
microrganismos do Laboratorio de Pesquisa em Bioquimica e Biotecnologia da
Universidade Estadual de Londrina, Parand, preservada em meio contendo (g/L) 10 de
glicose; 3 de extrato de levedura, 3 de extrato de malte, 5 de peptona, 20 de agar. As
condicdes foram pH 6,0+ 0,2, sendo o repique da cepa realizado a cada quatro semanas
mantido a 4°C.

Para a atividade antimicrobiana: Staphylococcus aureus ATCC 25923,
Propionibacterium acnes ATCC 6919 e Staphylococcus epidermidis ATCC 1222 cedidas
pelo Laboratério de Bacteriologia Béasica e Aplicada da Universidade Estadual de
Londrina, preservados em caldo BHI (Brain Heart Infusion) com 25% de glicerol a 20°C.

O oleo essencial de palmarosa (Cymbopogon martini) foi adquirido da empresa

Aroma, estabelecimento local em Londrina, no Parana.

4.2 PRODUCAO E EXTRACAO DE SOFOROLIPIDIOS

Para a producéo de soforolipidios, o indculo S. bombicola foi cultivado em frascos
de Erlenmeyer de 250 mL contendo 50mL do meio de preservacdo sem o agar, por 48h a
30°C e 150 rpm. O in6culo foi padronizado a 0,5g/L, relacionado a uma curva de biomassa
em g/L. As fermentacgdes foram conduzidas em frascos de Erlenmeyer de 1 L com 250
mL do meio de fermentacdo contendo em (g/L) 100 de &cido oleico e 100 de glicose sob
agitacdo de 150 rpm, a 30°C por 264 horas (SILVEIRA et al., 2019).

A fermentacdo foi interrompida por centrifugacdo a 9956 x g por 15 min e do
precipitado, a biomassa foi quantificada relacionando com a curva de biomassa (g/L) e
do sobrenadante foram extraidos os soforolipidios com acetato de etila 1:1 (3x) e hexano,
metanol e 4gua 5:(4:1).

A fase metandlica que contem os soforolipidios foi seca em estufa até eliminacao
completa do solvente. A glicose residual foi quantificada pelo método de Somogyi-
Nelson (NELSON, 1944; SOMOGYI, 1945) e o é&cido oleico quantificado por



27

gravimetria, a partir da extracdo com hexano.

4.3 CARACTERIZACAO DOS SOFOROLIPIDIOS POR CROMATOGRAFIA LIQUIDA DE ALTA
EFICIENCIA (CLAE)

O soforolipidio foi caracterizado por cromatografia liquida de alta eficiéncia
(CLAE) em comparacdo com o padrdo 1',4"-sophorolactona 6', 6"-diacetato (Sigma
Aldrich, USA), utilizando detector de arranjo de iodo, utilizando coluna Shim-pack CLC-
ODS(M)® C18 da Shimadzu (4,6 x 250mm; 4,6mm; 12nm) (SILVEIRA et al., 2019).

4.4 AVALIAGAO DA ATIVIDADE ANTIOXIDANTE DOS SOFOROLIPIDIOS E OLEO ESSENCIAL DE
PALMAROSA

Foi realizada pelo método DPPH (2-2-difenil-1-pircril-hidrazil), conforme
descrito por Srikanth et al. (2015) nas concentracGes de 2 a 6 mg/mL de soforolipidios e
0,2 a 0,6 mg/mL de 6leo de palmarosa em metanol. A partir dos melhores valores da
atividade antioxidante, as concentraces de 4 mg/mL de soforolipidios e 0,4 mg/mL de
6leo essencial de palmarosa foram definidas para aplicagdo nas formulagdes cosméticas.
A mistura reacional foi composta de 1 mL da solucdo das amostras e 0,3 mL da solucéo
de DPPH, e foi incubada em ambiente escuro por 30 minutos a temperatura ambiente.
Apbs, foram realizadas leituras em espectrofotdmetro a 517 nm. Para o branco foi
utilizado 1 mL de cada amostra e 0,3mL de metanol e para controle foi utilizado 0,1 mL
de metanol e 0,3 mL de DPPH. Uma amostra contendo acido ascorbico foi utilizada como

padréo.

A taxa de inibicdo (%) do radical livre sera calculada conforme a equacéo:

ABS do controle — ABS da amostra
ABS do controle

% inibicdo = ( )x 100

4.5 AVALIACAO DA ATIVIDADE ANTIMICROBIANA DOS SOFOROLIPIDIOS E DO OLEO

ESSENCIAL DE PALMAROSA

A atividade antimicrobiana foi determinada por concentracgdo inibitoria minima
(CIM) por microdiluicdo em caldo Mueller - Hinton (MH) em placas de 96 pocos
(NCCLS, 1999). S. aureus e S. epidermidis foram cultivados em agar MH a 37 °C por 24
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horas. O P. acnes foi cultivado meio RCM (Meio Clostridial Reforcado) em condicdes
anaerobicas utilizando Gas-Pak (BD,Sparks, MD, EUA) a 37°C por 72 horas.

As suspensdes bacterianas foram preparadas a 1,5x108 UFC. mL* (0,5 na escala
de McFarland). Soforolipidios foram solubilizados em etanol absoluto 10% (p/v) e
utilizados nas concentragdes de 1.000 a 7,815 pg.mL™? e o dleo de palmarosa de 1% a
0,007%. As bactérias foram adicionadas (50 L) atingindo a concentracdo final de
7,5x10° UFC. mL? em cada pogo. As placas foram incubadas a 37 °C por 24 horas.
Controle positivo (somente bactérias); negativo (somente meio) e controle com etanol
foram realizados. O MIC foi avaliado visualmente considerando a menor concentracéo
de soforolipidios ou de 6leo de palmarosa que inibe o crescimento microbiano.

O efeito de interacdo dos soforolipidios e do 6leo de palmarosa foi determinado
através do método de Checkerboard realizado por diluicdo em caldo (Traub e Kleber,
1975). Os soforolipidios nas concentrages de 250 a 0,48 pg.mL™* foram preparados nas
linhas horizontais e o 6leo de palmarosa de 2% a 0,015% foi preparado nas colunas
verticais nas placas de 96 pocos. As placas foram incubadas a 37°C por 24 h. A
concentracdo inibitoria fracionaria (FIC) e o indice de concentracdo inibitoria fracionada

(FICI) foram calculados usando a seguinte equacao:

> FICI=FICs. + FICo

Y FICI= (MIC do SL na combinag&o) / (MIC do SL) + (MIC do 6leo na combinagéo) /
(MIC do dleo)

4.6 DESENVOLVIMENTO DAS FORMULAGCOES COSMECEUTICAS

Foram desenvolvidas duas formulagdes cosmecéuticas, uma em forma

de gel creme e outra em forma de filme biopolimérico.

As formulagOes gel creme foram desenvolvidas a partir de uma base designada
Lecigel™ (Tabela 1). Foram desenvolvidas duas formulagfes cosméticas com as
concentracdes de soforolipidios e oOleo de palmarosa definidas pelos testes
antimicrobianos e antioxidantes e uma formulacdo base sem ativos que foi usada como
controle. Para o preparo dos cosméticos os soforolipidios foram diluidos em glicerina a

quente, e incorporados na formula¢do em agitacdo mecénica por 5 minutos.
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Base Fl Fll
Copolimero de acrilatos de sodio e lecitina 3 3 3
(Lecigel™) (9)
Glicerina (g) 5 5 5
Fenoxietanol e metilisotiazolinona (neolone®) - 0,50
(9)
Sophorolipids (g) - 0,40 0,40
Oleo essencial de palmarosa (g) - 0,04 0,04
Agua destilada (mL) 92,00 9156 91,06

As formulacdes dos filmes biopoliméricos foram produzidas por casting de acordo

com Sueiro et al. (2016). Oito formulacdes foram preparadas com diferentes proporcoes

de soforolipidios (0, 2,5, 5,0 e 10,0%), com e sem acido citrico (Tabela 2). As solucdes

foram preparadas sob aquecimento até 70 °C e agitacdo constante por 20 minutos até a

completa homogeneizacdo dos polimeros. Em seguida, 40 g das formulagdes preparadas

foram vertidas em placas de acrilico (13,5 cm de diametro) e depois deixadas secar por

24 horas a 30 °C com circulacdo e renovacdo de ar. Os filmes secos foram armazenados

a 58% de umidade relativa e 25°C até o uso.

Tabela 2 — Composicao das formulagdes cosmecéuticas de filmes biopoliméricos

Formulacbes Amido  Pululana  Soforolipidios Glicerol

Acido Agua

(9) (9) (9) (9) citrico destilada
(9) (mL)
AP 6 6 - 2,40 - 385,60
AP-SL2.5 6 6 0,15 2,40 - 385,45
AP-SL5.0 6 6 0,30 2,40 - 385,30
AP-SL10.0 6 6 0,60 2,40 - 385,00
APr 6 6 - 2,40 0,36 385,24
APr-SL25 6 6 0,15 2,40 0,36 385,09
APr-SL50 6 6 0,30 2,40 0,36 384,94
APr-SL100 6 6 0,60 2,40 0,36 384,64
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4.7 CARACTERIZACAO DAS FORMULAGOES GEL CREME

As formulagOes foram caracterizadas em 2, 30, 60 e 90 dias em
condicGes de exposicado, incluindo temperatura elevada (37 + 2 °C), temperatura baixa (5
+ 2 °C), temperatura ambiente, exposicao a radiacdo luminosa (sol) e ambiente escuro
pelas analises de estabilidade, ensaios organolépticos, ensaios fisico-quimicos, retencéo

de umidade e estabilidade acelerada.

4.7.1 Anélise De Estabilidade

O teste de estabilidade foi realizado pelo método de centrifugacdo, utilizando
cinco gramas de cada formulacdo em tubos de ensaio conico e de plastico na centrifuga a
3000 rpm por 30 minutos a temperatura ambiente. Os resultados foram visualizados
macroscopicamente apés a centrifugacgdo e interpretados como N (normal, sem separagao

de fases) ou SF (com separacao se fases).

4.7.2 Ensaios Organolépticos

As formulacdes foram avaliadas em triplicata primeiramente quanto ao aspecto,
sendo analisadas macroscopicamente comparando com a amostra padrdo (sem
soforolipidio) verificando se demostram alguma modificacdo como separacdo de fases,
precipitacdo ou turvacdo. A coloracdo e odor foram avaliados através de analise visual
sob condig&o luz branca e por meio olfativo respectivamente, utilizando a referéncia das
amostras padrées (sem os ativos) sendo armazenados nas mesmas condi¢fes em
embalagens de vidro. Os resultados de coloragédo e odor foram interpretados como:

normal, levemente modificado e intensamente modificado.

4.7.3 Ensaios Fisico Quimicos

As caracteristicas fisico-quimicas: densidade, pH e espalhabilidade de cada
formulacédo foram realizadas em triplicata de acordo com o guia de estudo de Estabilidade
de Produtos Cosméticos (ANVISA, 2008).
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4.7.3.1. Determinacéo da densidade

As densidades das formulagOes foram avaliadas utilizando um pecnémetro de
vidro com volume de 10 mL e utilizando como padréo a densidade da &gua. O pecnémetro
vazio foi pesado (Mo), e em seguida foi adicionado a agua até transbordar e apds secar o
pecndmetro pesa-se (M1), igualmente a adicdo da &gua, apés a diluicdo das amostras
(1:10) foram adicionadas da mesma maneira e pesadas (M2). Para o célculo ser utilizada
a equacdo:

M2 — Mo
~ M1- Mo

4.7.3.2. Determinacéo do pH

Os valores médios de pH (n=3) foram obtidos por potenciometria direta. A
avaliacdo foi por pH digital em temperatura ambiente de solugdes contendo 5 g de
amostra diluido em 45 mL de agua destilada (diluicéo 1:10).

4.7.3.3. Determinacdo da espalhabilidade

A determinacdo da espalhabilidade foi definida pela metodologia descrita por
Borghetti e Knorst (2006) em triplicata, a aplicacdo de 0,59 de amostras em placas de
vidro sobre uma escala de papel milimetrado. A determinacdo do espalhamento foi
realizada medindo-se o diametro da superficie abrangente em intervalos de um minuto
com pesos pré-determinados (2, 5 e 10g). Os calculos seguirdo a equacgao:

Ei = (d*m) /4
Onde:
Ei: Espalhabilidade da amostra para um determinado peso em milimetro quadrado (mm?)

e d: diametro médio em milimetro (mm).
4.7.4 Retencdo De Umidade

Para a retencdo de umidade foi aplicado o método de gravimetria segundo Zhang
et al. (2012) e Zhao et al. (2013). Em cadinhos previamente tarados foi misturado 1g das
formulacBes e 1 mL de agua foram armazenados por 96h (temperatura ambiente) em

dessecador de umidade selado com a solucao saturada de KoCOz (43% umidade relativa
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(UR)). A capacidade de retencao de umidade (RU) foi avaliada pela porcentagem de agua

residual nas amostras, calculado pela equagéo

t
RU%) = 2= x 100
pO

Onde, po é o peso da &gua destilada adicionada (1mL) e pt é o peso da agua apds 96h no

dessecador.
4.7.5 Teste Estabilidade Acelerada

O teste de estabilidade acelerada foi analisado no periodo de quinze dias,
submetendo as amostras em condicOes de estresse visando acelerar o surgimento de
possiveis sinais de instabilidade. Os cremes foram submetidos a aquecimento em estufa

(40 £ °C) e resfriamento (4+ °C), em ciclos alternados de 24 horas, que perfaz 7 ciclos
4.7.6 Atividade Antioxidante

Realizado conforme descrito na sesséo 4.4 e 6leo essencial pelo método utilizando

na concentracdo de 10 mg/mL das formulacdes.
4.7.7 Atividade Antimicrobiana

A atividade antimicrobiana foi avaliada pelos ensaios de cinética e tempo de
morte, de acordo com o NCCLS (National Committee for Clinicall Laboratory
Standards). Suspensdes de 10° UFC. mL™* de bactérias foram incubadas a 37°C em
presenca de 0,1g de cada uma das 3 formulagdes em microtubos no tempo 0, 1 e 2 horas.
Aliquotas de 100 pL de cada tubo teste foi diluido (raz&o 10) em salina e cultivada em
triplicata sobre placa de 4&gar MH. A contagem de células viaveis foi realizada apés a

incubacgédo dos microrganismos nas condicOes ideais descritas no item 4.5.
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4.8. CARACTERIZACAO DOS FILMES BIOPOLIMERICOS

4.8.1 Espessura

A espessura foi determinada utilizando um micrémetro manual Mitutoyo (S&o
Paulo, Brasil) com resolucdo de 1um para determinar a espessura dos filmes em trés

pontos diferentes em cada filme, sendo considerada a média aritmética das medicGes.

4.8.2 Microscopia Eletronica De Varredura (MEV)

As analises MEV foram realizadas utilizando um microscopio eletrénico JSPM
100 (Japao) a uma voltagem de aceleracdo de 20 kV. As amostras de filmes foram
montadas em stubs de bronze com fita dupla face e depois revestidas com uma camada

de ouro (40-50 nm), permitindo a visualizacdo da superficie.

4.8.3 Solubilidade

As amostras (2 cm x 2 cm) foram secas em estufa com circulacdo e renovacdo de
ar a 60 °C por 24 h e pesadas (peso inicial em base seca). Em seguida as amostras foram
pesadas (peso seco inicial) e mergulhadas em Erlenmeyers de 250 mL contendo 80 mL
de agua destilada, vedados e agitados a 50 rpm, 25 °C por 24 h em incubadora orbital
(Shaker Marconi MA 420). Apé6s este periodo, as amostras foram removidas
cuidadosamente e secas em estufa com circulacdo de ar por 24 h a 60 °C, para determinar
a massa do material ndo solubilizado (peso final).

A solubilidade foi expressa por porcentagem de material seco solubilizado conforme a
equacéo:

Solubilidade (%)= ((mi-mf)/m;)*100
Onde, mr é a massa final da amostra e m; € a massa inicial da amostra, ambos em base

Seca.

4.8.4 Espectroscopia No Infravermelho Com Transformada De Fourier (FT-IR)

O experimento foi conduzido em aparelho Shimadzu FTIR-8300 com resolucéo

de 4 cm, utilizou-se uma escala de 4000 a 500 cm™. As amostras foram incorporadas ao
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KBr e submetidas a alta pressdo para a producdo das pastilhas. Os resultados foram
integrados pelo programa Shimadzu Hyper IR. A analise foi realizada no Laboratorio de
Espectroscopia (ESPEC) da central multiusuério de laboratorios de pesquisa da

Universidade Estadual de Londrina.
4.8.5 Permeabilidade Ao Vapor De Agua (PVA)

A PVA foi determinada gravimetricamente de acordo com as normas da American
Society for Testing and Materials (ASTM E96-95, 1996) com modificagdes. Cada
amostra (triplicata) foi colocada em uma céapsula de permeabilidade, e seu interior foi
parcialmente preenchido com CaCl, anidro, de modo a se obter 0% de UR no interior
destas capsulas, que foram seladas para garantir que a transferéncia de vapor de agua
ocorresse exclusivamente através do filme. O conjunto (capsula + filme) foi pesado em
tempo zero e armazenado em dessecador a temperatura ambiente, contendo em seu
interior uma solucéo saturada de NaCl que proporcionou um ambiente com 75% de UR.
Apo6s um periodo de equilibrio de 2 h as células foram pesadas em intervalos regulares
durante 24 h. A mudanca de massa da cépsula de permeacao foi registrada, e 0 ganho de
massa(g) foi desenhado um grafico em funcéo do tempo (t). Da reta obtida por regressao
linear foi determinado o coeficiente angular e calculada a taxa de permeabilidade ao vapor
de agua (TVA):

g

TVA= A

Onde, g/t € o coeficiente angular da reta (regressao linear) e A é a area de permeacao (m?)
da capsula. Em seguida, a permeabilidade ao vapor de agua (PVA) foi calculada

utilizando a seguinte equagéo:

TVA.m

PVA= AP
Onde, m ¢ a espessura média do filme (m?), AP ¢ a diferenga de pressao de vapor de agua
do ambiente contendo CaCl; anidro (0% de UR) e solucdo saturada de NaCl (75% de
UR).
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4.8.6 Propriedades Mecanicas

As propriedades mecanicas dos filmes foram determinadas utilizando um
texturdbmetro (Stable Micro Systems modelo TA.TX2 Inglaterra) de acordo com as
Normas da ASTM (1996). Os filmes foram cortados (25 x 100 mm) e ajustados entre as
garras pneumaticas do equipamento. A distancia entre as garras foi de 50 mm e a
velocidade de tragdo de 500 mm/min. Foram determinadas as seguintes propriedades de
tracdo: resisténcia maxima a tracdo (MPa) e elongacdo na ruptura (%), calculadas pelas

equacdes a sequir:

Resisténcia méaxima a tracao= Fmax
Amin

Onde, Fmax € a forca maxima (N) registrada no equipamento e Amin € a area minima inicial

da amostra (m?).

At

Elongacéo na ruptura= DG x100

Onde, At ¢ a elongacdo total da amostra até a ruptura (m) e o DG é a distancia inicial

entre as garras (m).

4.8.7 Atividade Antimicrobiana

Foram avaliadas pelos ensaios de cinética e tempo de morte, de acordo com o
NCCLS com modificagOes (National Committee for Clinicall Laboratory Standards). Os
filmes foram cortados em discos usando um furador, e ambos os lados foram esterilizados
com luz ultravioleta por 15 min. Dez microlitros de suspensdes de 10° UFC. mL™ de
bactérias foram incubadas com cada disco das 8 formula¢es em microtubos no tempo 0,
1 e 2 horas. Os discos foram colocados em microtubos com 1 mL de caldo MH, agitados
por 1 minuto, seguido por diluicdo em série com salina e cultivada em triplicata sobre

placa de 4gar MH. As placas foram incubadas a 37 °C durante 24 h, e as unidades
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formadoras de coldnias (UFC) foram contadas. O teste foi realizado em triplicata, € 0

filme sem soforolipidios foi utilizado como controle.

4.9 ANALISE ESTATISTICA

As analises estatisticas foram realizadas utilizando Software Statistica
7.0 (2004) e valores foram considerados significativos quando p < 0,05. Para PVA e
propriedades mecanicas dos filmes foi realizado o teste de Tukey (p < 0,05).
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5 RESULTADOS E DISCUSSOES

Os resultados obtidos nessa dissertacdo estdo apresentados em forma de uma patente, um

capitulo de livro e dois artigos cientificos.

5.1 PATENTE

Titulo: Cosmético antiacne por processo biotecnoldgico

Autores: Maria Antonia Pedrine Colabone Celligoi, Giovanna Amaral Filipe, Audrey
Alesandra Stinghen Garcia Lonni, Briani Gisele Bigotto e Cristiani Baldo da Rocha.
NUmero: BR 10 2021 023135 1

Protocolada em: 18/12/2021

Resumo: A presente invencdo apresenta o desenvolvimento de uma formulacdo
cosmeética contendo soforolipidios e 6leo essencial de palmarosa. Os soforolipidios foram
produzidos por fermentacdo submersa utilizando a levedura S. bombicola em meio
contendo acido oleico, glicose e extrato de levedura. Os soforolipidios produzidos foram
extraidos com acetato de etila, quantificados e caracterizados para uso das formulagoes
cosméticas. As formulacGes foram desenvolvidas com 2,0 a 5,0% de Sodium Acrylates
Copolymer (and) Lecithin, 0,3% a 0,7% (p/v) de phenoxyethanol (and)
methylisothiazolinone, 3,0% a 7,0 (p/v) de glycerin, 3,0% a 7,0% (p/v) de soforolipidios
e0,3% a 0,7 % (p/v) de 6leo essencial de palmarosa (Cymbopogon martini). Os resultados
demostraram que a formulacdo desenvolvida apresentou potente atividade antimicrobiana
contra 0os microrganismos P. acnes, S. epidermidis, S. aureus. Assim, este produto pode
ser promissor no segmento da industria de cosméticos destinado ao tratamento da pele
acneica, bem como, pela industria farmacéutica.

5.2 CAPITULO DE LIVRO

Titulo do livro: A Estruturacdo e Reconhecimento das Ciéncias Biologicas na
Contemporaneidade 2

Titulo do capitulo: Produgdo e propriedades dos soforolipidios para aplicagdo em
formulagBes cosmecéuticas

Autores: Giovanna Amaral Filipe, Audrey Alesandra Stinghen Garcia Lonni, Maria
Antonia Pedrine Colabone Celligoi

DOI: 10.22533/at.ed.547210104
ISBN: 978-65-5706-954-7
https://www.atenaeditora.com.br/post-ebook/3967

Publicado em: Atena Editora, 2021.
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Development of a multifunctional and self-preserving cosmetic formulation using

sophorolipids and palmarosa essential oil for acne treatment
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Abstract
Aims: The objective of this study was to evaluate the antibacterial effect of sophorolipids
in combination with palmarosa essential oil and to develop a cosmetic formulation against

acne-causing bacteria.

Methods and Results: The antibacterial activity of sophorolipids, palmarosa oil and their
combined effect were evaluated by broth microdilution and checkerboard methods.
Antioxidant activity was determined by DPPH method. The results showed that the
compounds presented antibacterial activity against Staphylococcus aureus and
Staphylococcus epidermidis. The combination of sophorolipid and palmarosa oil resulted
in synergistic and additive interaction reducing the concentration needed for effectiveness
against S. aureus and S. epidermidis, to 98,4% and 50%, respectively. The compounds
interaction showed an additive effect for antioxidant activity. The cosmetic formulation
without any chemical preservative present antibacterial activity against S. aureus, S.
epidermidis and Propionibacterium acnes. The pH values and organoleptic

characteristics of formulations remained stable under all conditions tested.

Conclusions: The association of sophorolipids and palmarosa oil resulted in a self-
preserving cosmetic formulation with great stability, and effective antioxidant and
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antibacterial activity against acne-causing microorganisms.

Significance and Impact of the Study: This study showed the development of an
effective multifunctional cosmetic formulation with natural preservatives to treat acne

vulgaris and other skins infections disease.

Key words: sophorolipids, palmarosa essential oil, antibacterial, natural preservatives,

acne vulgaris

Introduction

Acne vulgaris is a follicular disorder that affects 85% of adolescents, frequently
starts in preadolescence, and continues into adulthood. P. acnes is mainly responsible for
the follicle’s infections, but the presence of S. epidermidis and S. aureus at the site of
infection is also reported (Fox et al. 2016). Acne vulgaris is a chronic disease that needs
extended therapy for a satisfactory result. The patient treatment adherence is a main
problem, mostly for topical treatments, due to side effects and the extended treatment
time, leading to acne recurrence and increased of medical costs (Dikicier, 2019). Topical
antibiotics is frequently used for treatment of acne vulgaris, but is not recommended their
use as monotherapy due to risk of antibiotic resistance after a prolonged time of treatment
(Habeshian and Cohen, 2020). Pronounced resistance rates for P. acnes to erythromycin
and clindamycin have been reported globally (Walsh et al. 2016; Adler et al. 2017).

The growing concern with skin health has driven the exploration for new cosmetic
products based on natural sources to treatment of skin infections, as they cause less side
effects and does not harm the environment (Morone et al. 2020). Cosmetics formulations
requires antimicrobial preservatives to guarantee the safety of consumers and to increase
their shelf-life. In addition, antioxidant preservatives capable of suppressing oxidation
and the formation of free radicals is also essential into the formulations. However,
chemical synthetic preservatives might be present several toxic effects to the consumer
or/and induces microbial resistance when used in lower concentrations (Halla et al. 2018).

Molecules from biotechnological source as biosurfactants are very studied due to
their biological properties and renewable characteristics (Vecino et al. 2017).
Sophorolipids are biosurfactants composed of a glucose disaccharide (sophorose) linked
to a long chain of fatty acid, produced by non-pathogenic yeasts such as Starmerella
bombicola (Van Bogaert et al. 2011). Sophorolipids have good skin compatibility,
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moisturizing properties and biological activities and could be used to treat acne, dandruff
and body odors (Lourith and Kanlayavattanakul 2009). Our research group has already
reported the antimicrobial activity of sophorolipids against pathogenic microorganisms
S. aureus, Escherichia coli, Enteric Salmonella Proteus mirabilis, S. aureus,
Enterococcus faecium (Fontoura et al. 2020).

In addition, essential oils are also widely used in cosmetic formulations due to
their fragrance, antimicrobial, antioxidant and antifungal activities (Lodhia, Bhatt and
Thaker 2009). Besides, essential oils may be chosen instead of synthetics materials to
promote the absorption of hydrophilic and lipophilic drugs in skin layers (Herman and
Herman, 2015). Palmarosa essential oil (Cymbopogon martinii) presents antioxidant and
antimicrobial activity against Gram-positive and Gram-negative bacteria. Its composition
is rich in monoterpenes and geraniol, providing a pleasant fragrance and efficiency in
inhibiting the bacterial growth (Rihayat et al. 2020).

In this sense, the development of innovative and sustainable cosmetic products,
with natural conservative ingredients and multifunctional molecules is of great
importance for treatment of acne vulgaris and other skins infections disease. Thus, in this
study we describe the development of a multifunctional cosmetic formulation using
sophorolipids combined with palmarosa essential oil with antimicrobial, antioxidant,
organoleptic and self-preserving properties.

Material and methods

Microorganisms and culture media

The yeast S. bombicola (ATCC® 22214™) was purchased from the American Type
Culture Collection (Manassas, VA, USA) and used for sophorolipids production. The
microorganisms S. aureus ATCC 25923, P. acnes ATCC 6919 and S. epidermidis ATCC
1222 were provided by the Laboratory of Basic and Applied Bacteriology of the State
University of Londrina, Parana, Brazil. The palmarosa essential oil (Cymbopogon

martini) was purchased from the company Via Aroma, Londrina, Parana.

Production and characterization of sophorolipids

Sophorolipids were produced by fermentation with S. bombicola (ATCC® 22,214™) in
a bioreactor using glucose and oleic acid as substrates, based on the conditions described
by Silveira et al. (2019). Sophorolipids recovery was performed by solvent extraction,
according to the protocol described by Fontoura et al. (2020). Analysis of samples by
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HPLC showed that the sophorolipids produced in comparison to the standard were mainly

lactone C18:1 diacetylated.

Antibacterial activity of sophorolipids and palmarosa oil

The minimum inhibitory concentration (MIC) was determined by broth microdilution
method. S. aureus and S. epidermidis were cultured on MH agar at 37°C for 24 hours.
Bacterial suspension 7,5x10° CFU. mL™? was placed in 96-well microplates. Tested
concentrations of sophorolipids ranged from 7.815 to 1000 pg.mL™. Palmarosa essential
oil ranged from 78.12 to 10000 pg.mL L. Strains were incubated for 24 hours at 37°C, and
the MIC was determined as the lowest concentration of sophorolipids or palmarosa
essential oil that inhibited the visible growth of bacteria.

Antibacterial combination assay

Checkerboard assay was performed to verify the interaction between sophorolipids and
palmarosa oil using 96-well microplates with two-fold serial dilutions of the compounds
according to Traub and Kleber (1975), with modifications. Bacterial suspensions were
prepared as described in the broth microdilution method. Sophorolipids (0.48 to 250
ug-mL™!) and palmarosa essential oil (150 to 20000 pg-mL™') were placed in the
horizontal rows and vertical columns, respectively. Bacteriaat 7,5 x 10° CFU-mL " were
incubated in MH with the antimicrobial compounds at 37 °C for 24 h. The fractional
inhibitory concentration index (FICI) was calculated as FICI= FICsophorolipid + FI paimarosa
oil, Where FIC= MICcombination/MICindividual. FICI was classified as synergistic (<0.5),
additive (>0.5 to 1), indiferent (>1 to<4), and antagonistic (>4) (Chin et al. 1997).

Antioxidant activity of sophorolipids and palmarosa essential oil

The antioxidant activity of the sophorolipids and palmarosa essential oil was determined
by the DPPH method (2-2-diphenyl-1-pyrryl-hydrazyl), as described by Srikanth et al
(2015). Tested concentrations of sophorolipids ranged from 2 to 6 mg.mL™. Palmarosa
essential oil ranged from 0.2 to 0,6 mg.mL™. The samples were prepared in methanol
and combined with 0.3 mL of DPPH (0.1 nM) methanolic in triplicate. After incubation
at room temperature, in the dark, for 30 minutes, the absorbance was read at 517 nm.
Methanol was used as a negative control and ascorbic acid as a positive control. The
inhibition rate (%) of the free radical was calculated according to the equation:
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% inhibition = [((Absorbance control — Absorbance sample))/

Absorbance control]x 100

Development of cosmetic formulations

According to concentrations obtained in antibacterial and antioxidant tests, two cosmetics
formulations of gel-cream were developed using sophorolipids and palmarosa essential
oil, without and with phenoxyethanol and methylisothiazolinone (F1 and F2,
respectively), according to the table 1. To prepare the cosmetics formulations, the
sophorolipids were diluted in glycerin (75 = 2 °C) and incorporated into the formulation

under mechanical agitation for 5 minutes.

Table 1 - Composition of gel-cream formulations.

Formulations

Composition (%, w/v) BASE F1 F2
Sodium acrylates copolymer (and) lecithin 3.00g 3.00g 3.00g
Glycerin 5.009g 5.00¢g 5.00¢g
Phenoxyethanol and methylisothiazolinone - - 0509
Sophorolipids - 0.40¢g 0.40¢
Palmarosa essential oil - 0.04¢g 0.04¢g
Distilled water 2.00mL  91.56 mL 91.06 mL

BASE: sodium acrylates copolymer (and) lecithin and glycerin

Characterization of cosmetic formulations

The stability analysis, organoleptic properties, physicochemical properties and water
retention capacity (hydration) were carried out in 2 and 60 days (Mitsui, 1997). 100 grams
of the formulations were placed in plastic containers and were exposed to different
conditions including high temperature (37 £ 2 °C), low temperature (5 = 2 °C), room
temperature, exposure to light radiation (sun) and environment dark. Stability was
achieved by centrifugation at 4.200 xg for 30 minutes at room temperature. The
organoleptic assays were evaluated in triplicate as to appearance, color, odor, being
analyzed macroscopically compared to the base standard sample (without sophorolipids).
Density, pH and spreadability of each formulation were performed in triplicate. The water
retention capacity performed by gravimetry according to Zhang et al. (2012) and Zhao et
al (2013). For the accelerated stability test, samples were subjected to stress conditions

to simplify the emergence of signs of instability. They were subjected to heating in an
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oven at 45 ° C and cooling in refrigerators to 4 ° C in alternating cycles of 24 hours for
15 days.

Antimicrobial and antioxidant activity of the formulations

Time-Kkill kinetics analysis of the formulations was evaluated according g to the National
Committee for Clinical Laboratory Standards (NCCLS) (1999). S. aureus and S.
epidermidis were cultured on MH agar at 37°C for 24 hours. P. acnes was cultured on
RCM (Reinforced Clostridial Medium) agar under anaerobic conditions using Gas-Pak
(BD, Sparks, MD, USA) at 37°C for 72 hours. Bacteria at 10 CFU-mL™" was incubated
with 0.1g of the formulation I, formulation Il and the control (BASE) for 30, 60 and 120
min at 37°C. Aliquots of 100 uL were collected, diluted (1:10) in saline and plated in MH
agar plate in triplicate to determine the total colony-forming unit (CFU). The antioxidant
activity of the formulations was determined by the DPPH method as described in item 2.
4 and 2.5.

Statistical analysis of the results

Tukey’s test (p < 0.05) was employed for mean comparison and performed using

STATISTICA 13.5 (TIBCO Software Inc, Palo Alto, USA)

Results

Antibacterial and antioxidant activity of sophorolipids and palmarosa essential oil
The MIC values of sophorolipid and palmarosa essential oil, as well as their

combination results against S. aureus and S. Epidermidis, are presented in Table 2. The

association of sophorolipids with palmarosa oil reduced the MIC to 98.4% in S. aureus

and 50% in S. epidermidis, resulting in synergistic and additive interaction, respectively.

Table 2 — Minimum inhibitory concentration and fractional inhibitory concentration of
sophorolipids and palmarosa essential oil against S. aureus and S. epidermidis

Bacteria Sophorolipid (ug.mI?)  Palmarosa oil (ug.mlY)  FICI Interaction
MIC  MiICc FIC MIC MICc FIC
S.aureus 31.25 0.48 0.015 5000 625 0.125 0.140 synergistic

S.epidermidis  125.0 62.5 0.5 5000 625 0.125 0.625 additive
MIC: minimum inhibitory concentration. MICc: minimum inhibitory concentration in combination. FIC-
fractional inhibitory concentration. FICI: fractional inhibitory concentration: index: <0.5, synergistic; >0.5
to 1, additive; >1 to <4, indifferent; and >4, antagonistic.
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The antioxidant activities of sophorolipids and palmarosa essential oil are shown
in Table 3. The results showed that sophorolipids were able to scavenge free radical
molecules in a dose-dependent manner. The concentrations used (2 to 6 mg.ml™) showed
a low antioxidant potential. However, the interaction of sophorolipids with the palmarosa
oil raised the levels of antioxidant activity, from 28.31% to 55.25%, showing an additive
effect. Therefore, based on the antibacterial and antioxidant results, the chosen
concentrations of sophorolipids was 4 mg.mL™ and 0.4 mg.mL* of palmarosa essential

oil in both cosmetic formulations.

Table 3 - Antioxidant activity of sophorolipids and essential oil of palmarosa.

Sophorolipids (mg.mI™) Palmarosa oil (mg.mI) Antioxidant activity (%)

2.0 0.0 4.32+0.24
4.0 0.0 28.31+1.95
6.0 0.0 26.62+0.65
0.0 0.2 16.55+1.79
0.0 0.4 39.57£1.79
0.0 0.6 34.50+0.95
4.0 0.4 55.25+1.38*

*Interaction effect

Characterization of cosmetic formulations

Two topical formulations containing sophorolipids and palmarosa essential oil
were prepared, and their physicochemical and functional stability under high temperature
(37 £ 2 °C), low temperature (5 £ 2 °C), room temperature, exposure to light radiation
(sun) and environment dark were evaluated. The results are showed in Table 4. Initially,
the formulations presented pH values of 6.78, 6.64 and 6,73 for control, F1 (without
chemical preservative) and F2 (with phenoxyethanol and methylisothiazolinone),
respectively. After 60 days, in all conditions tested, pH values of F1 and F2 remained
compatible with the pH values of skin range from 6.0. The spreadability, density and
retention also remained stable under all conditions tested. All formulations remained
physically stable upon centrifugation assay, showing no phase separation in the two
storage conditions evaluated. Formulations were then subjected to stress conditions by
heating in an oven at 45°C and cooling in refrigerators to 4 °C in alternating cycles of 24
hours for 15 days. The results are showed in Table 5. In the organoleptic tests, it was

possible to observe the appearance of microorganisms in the base (control). In addition,
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no visual and organoleptic differences between F1 and F2 were detected, with
maintenance of color and odor of palmarosa oil. The pH values, spreadability and density
of tested formulations also remained stable under all conditions tested (Table 5).
Interestingly, no differences were observed between the F1 (without chemical
preservatives) and F2 (with phenoxyethanol and methylisothiazolinone) suggesting the
function of the sophorolipids and palmarosa essential oil as preservatives in all tested
settings.

Table 4 - General properties of cosmetic formulations after 60 days exposed in different
conditions.

Conditions
Formulations Properties Radiation Dark 37+2°C 5+2°C Room
temperature
Base Density 0.99+0.0015 0.99+0.0008 0.99+0.0010 0.99+0.0020 0.99+0.0021
pH 6.83+0.10 6.68+0.02 6.60+0.015 6.60+0.06 6.55+0.02
Spreadability 660.7+31.4  572.3+20.4 530.7+33.1 615.4+21.3  452.2+23.1
Retention 95.33+1.27 9520+230 96.10+1.30 95.10+2.00 95.35+2.03
F1 Density 0.93+0.0010 0.99+0.0001 0.99+0,0020 1.00+0.0010 0,99+0.0010
pH 6.73+0.23  6.73%0.015 6.33+0.038  6.64+0.106  6.59+0.095
Spreadability 1589.6+34.0 1429.2+76.1 2122.6+34.9 1661.1+33.1 1661.1+34.9
Retention 03.52+1.02 93.02+2.05 92.59+1.05 92.85+1.03 93.73+2.06
F2 Density 0.99+0,0020 0.99+0.0010 0.994£0.0020 0.99+0.0010 0.99+0.0020
pH 6.67+0,006 6.71+0,01 6.36+0,021 6.59+0,02 6.72+0.017
Spreadability 2550.5£70.4 2205.9+74.3 2122.6+70.4 1661.1+36.7 1808.6+84.7
Retention 02.38+2,03 93.02+0,95 92.60+1,30 91.50+1,23  92.41+1,12

Density (g.cm®), spreadability (mm?), retention (%). Data represents mean + SD (n = 3).

Table 5 - Characterization of formulations under stress conditions.

Conditions
Formulations Properties Initial (0 days) Final (15 days)
Base Appearance Normal, characteristic Modified, presence of
odor and color microorganisms and yellow
color
pH 6.78+0.01 6.75+0.02
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Spreadability 661.8+77.5 694.2+16.7
Density 1.01+0,012 0.99+0.001
F1 Appearance Normal, characteristic Normal, characteristic odor
odor and color and color
pH 6.64+0.04 6.71+0.06
Spreadability 1075.2+58.1 770.9+26.7
Density 1.00+0.007 0.99+0,000
F2 Appearance Normal, characteristic Normal, characteristic odor
odor and color and color
pH 6.70,02 6.70+0.02
Spreadability 1116.0+£99.3 962.1+55.0
Density 1.00+0,002 0.99+0,001

Spreadability (mm?), Density (g/cm®). Data represents mean * SD (n = 3).

Antimicrobial and antioxidant activity of formulations

The results obtained demonstrated that the two cosmetic formulations containing
sophorolipids and palmarosa essential oil presented great antibacterial activity against
acne-causing microorganisms (Fig. 1). The total loss of cell viability of S. aureus and S.
epidermidis was observed after 1 hour of incubation, while for P. acnes this same effect
was observed after 30 minutes of incubation for both tested formulations. The F2
formulation (with phenoxyethanol and methylisothiazolinone) was more effective in
reduce the cell viability of S. aureus and S. epidermidis when compared to F1 (without
preservative). However, the effect of F1 and F2 on P. acnes viability were considered
equal. Regarding antioxidant activity, the base formulation, F1 and F2 showed 5.02%,
35.06% and 21.58% respectively, maintaining the similar results after 60 days. Taking
into account all results, F1 formulation which has no chemical preservatives, presented
consisted performance when compared to the F2 formulation, showing great stability and
effective antibacterial activity against acne-causing microorganisms and exhibit

antioxidant activity.



47

Figure 1 - Growth inhibition of S. aureus, S. epidermidis and P. acnes in cosmetic
formulations.
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Discussion

The search for sustainable, ecofriendly and multifunctional ingredients are of
great importance for the cosmetic and medical industry. Several studies have reported the
antimicrobial activity of sophorolipids against a wide range of clinical importance
microorganisms (Elshikh et al. 2017; Solaiman, et al. 2017; Naughon et al. 2019; Silveira
et al. 2020, Fontoura et al. 2020). But, the association of sophorolipids with essential oils
have been never been described.

In this study, the susceptibility of acne-causing microorganisms to sophorolipids,
individually and in combination with palmarosa essential oil, was evaluated. The results
showed that sophorolipids presented antimicrobial activity against S. aureus and S.
epidermidis. Likewise, other studies tested the antibacterial activity of sophorolipids
against S. aureus and a varying of MIC values were described (Joshi-Navare and
Prabhune 2013, Diaz de Rienzo et al. 2016, Hoa et al. 2017, Silveira et al. 2020, Fontoura
et al. 2020). Silveira and co-workers (2020) showed the sophorolipids induced loss of S.
aureus viability with a MIC of 31.25 ug/mL, while Joshi-Navare and Prabhune (2013)
showed the sophorolipid present MIC of against S. aureus in 400 ug/mL. This difference
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could be explained by variety of chemical constituents of sophorolipids. Lactonic forms
have been described as having better bactericidal action than acidic forms (Van Bogaert
et al. 2007). In this study, the sophorolipid from S. bombicola was characterized
predominantly as lactonic form which can explain the lower MIC values against S. aureus
and S. epidermidis. The antibacterial of sophorolipids against P. acnes, with lower MIC
values have also already been described (Kim et al. 2002; Cho et al. 2008).

The amphiphilic nature of sophorolipids seems to be related to their antibacterial
activity, which involves synergistic interactions between the sugar and the lipid moieties,
leading to destabilization and rupture of pathogen membrane and cell lysis (Kim et al.
2002; Valotteau et al. 2017). Recently, our researcher group studied the antimicrobial
effects of sophorolipids by scanning electron microscopy and showed structural
alterations and a reduction in numbers of cell. The production of extracellular matrix
compounds was also described, and considered a pathogen protection against
antimicrobial substances. These results were comparable to those found by others studies
described in the literature (Dengle-Pulate et al. 2013; Zhang et al. 2016; Solaiman et al.
2017).

In addition to their antimicrobial effects, sophorolipids in combination with other
compounds has also been reported (Joshi-Navare and Prabhune 2013; Dubey, Selvaraj
and Prabhune 2013). The association of sophorolipids and lactic acid resulted in an
additive interaction, reducing the concentration of the active compounds needed for
effectiveness against S. aureus and Listeria monocytogenes, to 50% and 75%,
respectively. In this present study, the association of sophorolipids with palmarosa oil
resulting in synergistic and additive interaction, for S. aureus and S. epidermidis,
respectively. This combination results in the expressive reduction of MIC to 98,4% in S.
aureus and 50% in S. epidermidis, providing a significant impact for practical
applications.

Antimicrobial activity of palmarosa essential oil has also been studied. Scherer et
al. (2009) observed MIC values from 400 to 600 pg.mL™ for S. aureus and E.coli . In this
study, a MIC value of 5000 pg.mL* was found for both S. aureus and S. epidermidis, but
this value considered decreased to 625 pg.mL™* when the palmarosa oil was combine to
sophorolipids. The antimicrobial of palmarosa essential oil also seems to be related to the
lipid structural similarity with the plasma membrane of bacteria, causing passive entry
into the membranes, accumulation and inhibition of cell growth and ruptures and leakage
of the content bacteria cytoplasm leading to cell death (Chen and Viljoen 2010; Silveira
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et al. 2018).

The antioxidant activity of sophorolipids was also reported (Hillion et al. 1998;
Hoa et al. 2017). In our studies, concentrations of 2 to 6 mg/mL of sophorolipid, showed
a low antioxidant potential. However, the interaction with the oil of palmarosa raised the
levels of antioxidant activity, from 28.31% to 55.25%, showing an additive effect. This
antioxidant action can contribute to delay skin aging, considering that free radicals are
strongly associated with this process (Ni et al. 2018).

Stability and microbiological purity are crucial factors for cosmetics. Chemical
preservatives are widely used as they inhibit the growth of microorganisms, adding
stability to the cosmetics formulation (Wong et al. 2000). However, health requirements
set limits on the maximum acceptable concentration of synthetic preservatives and force
manufacturers to employ alternative preservation methods (EU Cosmetics Directive
1976). In this research, the cosmetic formulations containing sophorolipids and palmarosa
essential oil presented great antibacterial activity against acne-causing microorganisms.
Interestingly, the F1 formulation which has no chemical preservatives presented consisted
performance when compared to the F2 formulation (with phenoxyethanol and
methylisothiazolinone), presenting great stability and effective antibacterial activity
against acne-causing microorganisms and exhibit antioxidant activity. Regardless the
cytotoxic effect of sophorolipid, several studies reported the lower toxicity of
sophorolipid in noncancerous cell lines, obtaining a higher loss of viability for the cancer
cells, indicating the selective cytotoxicity of sophorolipids (Dubey et al. 2016; and Li et
al. 2017). Recently, our group showed that sophorolipids reduced the cell viability of
human red blood cells by 50% in concentrations higher than 485.7 ug-mL™!. Furthermore,
the cytotoxicity of sophorolipids was tested in HepG2 cells, and the CC50 value was 62.5
ug-mL~!, significantly lower than the concentration found for human red blood cells
(Silveira et al. 2020).

Taken together the results of this study indicate the great potential of a
multifunctional and self-preserving cosmetic formulation using sophorolipids and
palmarosa essential oil to combat acne-causing microorganisms. To our knowledge, this
is the first study reporting the antimicrobial action of sophorolipid in combination with

palmarosa essential oil to treat acne vulgaris and other skin infections.
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Abstract

Cutaneous infections involve microbial invasion of pathogens into the skin layers and can
lead to mild cases and severe life-threatening conditions. The cosmetic industry searches
for new biopolymer films based on safe and natural products with high antimicrobial
properties to prevent and treat skin. The treatment of cutaneous infections can be carried
out alternatively using biopolymeric films, providing prevention and cure to the patient
and simultaneously, meeting a consumer demand for new biological-based products
obtained from renewable sources. This study aiming to produce and characterize
biodegradable films based on pullulan starch and sophorolipids for the control of skin
pathogens, with and without the presence of citric acid as a crosslinking agent.
Sophorolipids added to the films as an antimicrobial agent were produced by Starmerella
bombicola in a fermentation process. The films were obtained by the casting method and
eight formulations were prepared with different concentrations of sophorolipids (0, 2.5,
5.0 and 10.0%), with and without citric acid. The addition of sophorolipids resulted in an
opaquer surface, forming homogeneous structures observed by scanning electron
microscopy. The films with the addition of citric acid showed greater flexibility and lower
solubility. The films containing sophorolipids were able to inhibit 100% of the growth of
Staphylococcus aureus and Staphylococcus epidermidis. These findings lead to the
possibility of developing a new, sustainable, and natural antimicrobial sophorolipid-
added films to treat bacterial skin infections that has extensive applicability in the
cosmetic industry.

Keywords: sophorolipids, antimicrobials, films, pullulan, citric acid

1. Introduction
The development of skin infections involves a violation of the skin barrier,
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causing wounds and subsequent contamination by microorganisms, mainly
Staphylococcus and Streptococcus species. Staphylococcus aureus and Staphylococcus
epidermidis are responsible for causing a variety of diseases including acne, boils,
pustules, folliculitis, endocarditis, among others (Ramakrishnan et al. 2015; Inrahim et
al. 2015). Pathogenic microorganisms have virulent properties which induce host tissue
degradation, including release of lipases, lyases and other factors (Cong et al. 2019).
Untreated bacterial skin infections can cause systemic disease including sepsis,
endocarditis, and bone and joint infections (Alexander et al. 2020).

Biofilms containing antimicrobial actives could be used to treat skin
infections. The ideal film for wounds and skin lesions should be non-toxic, non-adherent,
non-allergenic, provide a moist environment and be easily removed without trauma (\Voss
et al. 2020). Then, the industry searches for new biopolymer films based on safe and
natural products with high antimicrobial properties to prevent and treat skin infections
(Bouchelaghem et al. 2022; Ismail et al. 2022).

Pullulan is a biodegradable polymer from a renewable source, which can be
used to produce colorless, odorless and non-toxic films. Pullulan is a fungal biopolymer
consisting of repeating maltotriose units linked by an a (1-4) glycosidic bond. Despite its
advantages, the high cost of pullulan has limited its industrial application, and the search
for mixtures with other polysaccharides offers economic advantages (Pattanayaiying;
Kittikun; Cutter, 2015; Roy et al. 2022; Tang et al. 2022). In this context, the utilization
of starch, pullulan and bacterial cellulose for the production of biodegradable films
allowed the use of a smaller amount of pullulan in the preparation of the polymer matrix,
resulting in homogeneous structures with better mechanical properties than pure pullulan
films (Sueiro et al. 2016).

Although, films produced exclusively with biopolymers such as starch or pullulan
may have low flexibility and low storage resistance at high relative humidity (Sueiro et
al. 2016). Thus, some additives can be used in the manufacture of films, including some
crosslinking agents, capable of reinforcing the structure of polysaccharides through the
reaction with the free hydroxyls of these polysaccharides. Citric acid, an organic acid
from a renewable source, which has low toxicity and low cost, has been widely used for
this purpose (Seligra et al. 2016; Simdes et al. 2020).

Additionally, the incorporation of multifunctional bioactive molecules to biofilms
could expand their application in pharmaceutical and cosmetic industry, including
treatments for skin diseases and other diseases. Sophorolipids are biosurfactants of the
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glycolipid class, produced mainly by the non-pathogenic yeast Starmerella bombicola,
being composed of a sophorose disaccharide linked to a hydroxylated fatty acid. These
molecules are recognized for being biocompatible and of low cytotoxicity, and have been
explored in the food area due to their antimicrobial activity against various
microorganisms (Fontoura et al. 2020; Hipdlito et al. 2020; Silveira et al. 2020; Caretta
et al. 2021).

There is a growing interest in the application of sophorolipids and other
biosurfactants as antimicrobial agents in the pharmaceutical area, since they are capable
of breaking the integrity of the bacterial membrane, leading to cell lysis and rupture of
protein structures. In addition, sophorolipids interferes with the formation of bacterial
membranes, microbial biofilms, modulating microbial interaction with interfaces due to
changes in surface tension and bacterial cell wall charge (Ceresa et al. 2021).

Therefore, the aim of this work was to produce and characterize biodegradable
films based on pullulan, cassava starch and sophorolipids, with and without the addition
of citric acid as a crosslinking agent, and to evaluate the antimicrobial activity against the
skin pathogens S. aureus and S. epidermidis. The use of sophorolipids incorporated in
films based on pullulan and cassava starch with antimicrobial action against skin

pathogens has not yet been described in the literature.

2. Material and methods
2.1. Microorganisms and materials

Starmerella bombicola ATCC 22214 was obtained from the American Type
Culture Collection (ATCC, Manassas, USA) and used for the production of
sophorolipids. The microorganisms S. aureus ATCC 25923, and S. epidermidis ATCC
1222 were provided by the Laboratory of Basic and Applied Bacteriology of the State
University of Londrina. The pullulan (molar mass = 200,000 Da) used was produced by
Hayashibara (Okayama — Japan) and provided by Ingredion Brasil LTDA (Mogi-Guagu
— SP), the glycerol was obtained from Synth (S&o Paulo — SP) and cassava starch (Yoki,

Paranavai, Brazil) was purchased from a local market in Londrina-PR.

2.2. Sophorolipid production

Sophorolipid was produced by fermentation with S. bombicola (ATCC®
22,214™) in a bioreactor using glucose (Ladsynth, Sdo Paulo, Brazil) and oleic acid
(Ladsynth, S&o Paulo, Brazil) as substrates, based on the conditions described by Silveira
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et al. 2019. Sophorolipid recovery was performed by solvent extraction, according to the
protocol described by Fontoura et al. (2020). Analysis of the sophorolipids samples by
HPLC showed that the sophorolipids produced in comparison to the standard were mainly

lactone C18:1 diaceletylated.

2.3. Preparation of pullulan, starch and sophorolipid films

The filmogenic solutions were produced by casting according to Sueiro et al.
(2016). Eight formulations were prepared with different proportions of sophorolipids (0,
2.5, 5.0 and 10.0%) with and without citric acid, according to Table 1. The solutions were
prepared under heating and stirring for 20 min under temperature of 90 °C until complete
homogenization. Then, 40 g of the prepared formulations were poured onto acrylic plates
(13.5 cm diameter) and then allowed to dry for 24 hours at 30 °C with circulation and air
renewal (Marconi, Sdo Paulo, Brasil). The dried films were stored at 58% relative
humidity, containing saturated sodium bromide solution, at 25 °C until use.

Table 1 - Formulations of biodegradable films produced for the preparation of 400 mL
of filmogenic solutions.

Formulations Starch Pullulan Sophorolipid  Glycerol Citric  Water
) (9) (9) (9) acid ~ (mL)
(9)

AP 6 6 - 2.40 - 385.60
AP-SL2.5 6 6 0.15 2.40 - 385.45
AP-SL5.0 6 6 0.30 2.40 - 385.30
AP-SL10.0 6 6 0.60 2.40 - 385.00
APr 6 6 - 2.40 0.36  385.24
APr-SL2.5 6 6 0.15 2.40 0.36  385.09
APr-SL5.0 6 6 0.30 2.40 0.36  384.94
APr-SL10.0 6 6 0.60 2.40 0.36  384.64

2.4. Film characterization and antimicrobial activity
2.4.1 Thickness

A Mitutoyo manual micrometer (S&do Paulo, Brazil) was used to determine the
thickness of the films at 5 different positions. The mean standard deviation within the

film was approximately 5% of the average thickness.

2.4.2 Scanning electron microscopy (SEM)
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SEM analyses were conducted utilizing a JEOL JSPM 100 electron microscope
(Japan) at an accelerating voltage of 20 kV. Film samples were mounted on bronze stubs
using double-sided tape and then coated with a layer of gold (40-50 nm), allowing surface

visualization.

2.4.3. Solubility

Samples (2 cm x 2 cm) were dried in an oven with circulation and air renewal at
60 °C for 24 h and weighed (initial weight on a dry basis). They were then immersed in
250 mL erlenmeyers containing 80 mL of distilled water, closed and slowly stirred for 24
h at 25 °C in an orbital incubator (brand/model). After this period, the samples were
removed and dried in an oven with circulation and air renewal (60 °C for 24 h) to
determine the mass of material that was not solubilized (final weight). The solubility was
expressed as the percentage of dry material solubilized. Analyzes were performed in

triplicate.

2.4.4 Water vapor permeability (WVP)

WVP tests were performed according to the ASTM E96-95 method (ASTM,
2016). Specimens of each sample were fixed in the circular opening (diameter of 60 mm)
of the permeability capsule, using silicone grease, to ensure that the moisture migration
occurred exclusively through the coating. The tests were carried out in the gradient (A)
of relative humidity (RH): (A = 0-75% RH) - with the permeability capsule filled with
anhydrous calcium chloride (0% RH) and the desiccator containing a saturated solution
of chloride of sodium (75% RH). The capsules were weighed after 4 h of system
stabilization, with subsequent weighing every 1 h for a total period of 24 h. The mass gain
of each capsule was plotted as a function of time, and the water vapor permeability rate
(TPermA) calculated as the slope of the line obtained. Permeability was calculated

according to equation (1):

PermA = [(TPermA *e) / ((Ps * (URd — URc)/100))] (Equation 1),

where PermA is the water vapor permeability (g m-1 s-1 Pa-1), TPermA is the water
vapor permeability rate (g/m2s), and is the film thickness, Ps is the saturation pressure of
water vapor at 25 °C, URd and URc are the relative humidities in the desiccator and in

the capsule, respectively. Analyzes were performed in triplicate.
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2.4.5. Mechanical properties

The parameters tensile strength (MPa) and elongation (%) were determined using
an Instron 1141 (Instron Ltd., Canton — USA), according to ASTM D-882-91 (ASTM,
2002). Five sample strips (25 x 100 mm) of each formulation were clamped between
pneumatic grips. The force (N) and deformation (mm) were recorded during extension at

50 mm min with an initial distance between the grips of 50 mm.

2.4.6. Fourier transformed infrared (FT-IR)

Samples were dried in an oven with air circulation (Marconi model, Brazil) at 40
°C for 12 h. Then they were sprayed and kept in a desiccator containing CaCl, for 7 d.
After this period, the samples were added with KBr (potassium bromide) and subjected
to high pressure for the production of pellets. The FT-IR spectra were performed in an
infrared spectrophotometer with a Fourier transformer (FT-IR) Shimadzu IR Prestige —
21 (Japan). Analyzes were performed in the mid-infrared region with Fourier transform
covering the spectral range from 4000 to 400 cm-1, with a resolution of 4 cm-1 and 100

scans of each sample.

2.4.7. Antimicrobial activity of films

Time-Kkill kinetics analysis of the formulations was evaluated according g to the
National Committee for Clinical Laboratory Standards (NCCLS) (1999). S. aureus and
S. epidermidis were cultured on MH agar at 37 °C for 24 h. Then, films were cut into
discs using a hole puncher, and both sides were sterilized using UV light for 15 min. 10
uL of the bacterial suspensions (108 CFU-mL™") were added to the disc and allowed to
dry naturally on the surface of the films, for 30 and 60 min. Then, the discs were placed
in microtubes with 1 mL of MH broth, shaken for 1 min, followed by serial dilution with
saline and cultured in triplicate on an MH agar plate. Plates were incubated at 37 °C for
24 h, and colony forming units (CFU) were counted. The test was performed in triplicate,

and AP and APr films served as a control

3. Results and discussion
3.1. Thickness and scanning electron microscopy (SEM)
Films containing pullulan, starch and sophorolipids are shown in Figure 1. All
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formulations formed whole films, without bubbles or cracks, easily removable from the
plates, indicating that the chosen concentration of solids was adequate. The addition of
sophorolipids resulted in an increase of films opacity (Figure 1). The films surfaces
containing sophorolipids and citric acid were rougher, but no agglomeration on samples
surface was observed, demonstrating a good interaction of the sophorolipids with the

starch and pullulan matrix.

Figure 1. Visual appearance of starch, pullulan and sophorolipid films.

AP-SL2.5 = AP-SL10

\

APr-SL2.5 T APr-SLS S Aprstio
AP: starch and pullulan. AP-SL2.5: starch, pullulan and 2.5% of sophorolipids. AP-SL5.0: starch, pullulan
and 5% of sophorolipids. AP-SL10.0: starch, pullulan and 10% of sophorolipids. APr: starch, pullulan,
reticulated with citric acid. APr-SL2.5: starch, pullulan, citric acid and 2,5% of sophorolipids. AP-SL5.0:
starch, pullulan, citric acid and 5% of sophorolipids. APr-SL10.0: starch, pullulan, citric acid and 10% of
sophorolipids.

The thickness of the films ranged from 203 to 248 um (Table 2). Considering that
the thickness is directly proportional to the concentration of solids in the formulation, the
thickest films were obtained with the highest concentration of sophorolipids with the

addition of the crosslinking agent (Table 2).

Table 2 - Results of thickness, solubility, water vapor permeability (WVP) and
mechanical properties of the films produced.

Formulations Thickness  Solubility WVP x RMT Stretching
(um) em24h 10 (g.m™! (MPa) (%)
(%) s 'Pal)
AP 220 £ 3% 9 + 5° 6.55+0.01°  6.45+1.95° 5.2+1.6¢
AP-SL2.5 209+ 7%  80+6P 9.06+2.10° 9.37+1.342 4.3+1.49

AP-SL5.0 203 + 9 96 + 62 5.95+0.03¢ 6.37+0.84° 12.7+4.9%
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AP-SL10.0  245+11% 100+ 0? 7.14+0.06" 6.84+1.32° 2.4+0.7¢
APr 216 +11° 64 + 8° 4.25+0.01° 2.68+0.50¢ 19.9+1.6°
APr-SL25 226+ 15%¢ 61 +2° 3.11+0.23° 1.91+0.48°¢ 95.8+33.9
APr-SL5.0  238+16® 63 +6° 4.14+0.16° 2.41+0.53°¢ 24.6x7.7°
APr-SL10.0 248 +11* 61 +5° 2.55+0.02  1.48+0.14°¢ 86.7+2.3

Results are expressed as mean + standard deviation. Different letters in the same column indicate significant
differences (p<0.05) according to Tukey's test. AP: starch, pullulan. AP-SL2.5: starch, pullulan e 2,5% of
sophorolipids. AP-SL5.0: starch, pullulan and 5% of sophorolipids. AP-SL10.0: starch, pullulan and 10%
of sophorolipids. APr: starch, pullulan, reticulated with citric acid. APr-SL2.5: starch, pullulan, citric acid
and 2,5% of sophorolipids. AP-SL5.0: starch, pullulan, citric acid and 5% of sophorolipids. APr-SL10.0:
starch, pullulan, citric acid and 10% of sophorolipids.

The surfaces of the produced films were analyzed using SEM (Figure 2). The
results revealed a rougher structure on the surface of the films obtained from the AP and
APr formulations. However, the addition of citric acid did not affect the roughness of the
samples. Reddy and Yang (2010) also did not observe differences in the surface of the
starch films crosslinked with citric acid observed by SEM, suggesting that its
incorporation does not interfere in the morphology of the films.

The films with the addition of sophorolipids in the maximum concentration of
10% (AP-SL10.0 and APr-SL10.0) were homogeneous, without phase separation, as
observed in the SEM images (Figure 2). On the contrary, Ashby et al. (2011) observed
that the addition of sophorolipids in PHB film matrices resulted in an increase in the
roughness and porosity of the films. Silveira et al. (2020) also found less homogeneous
polymer matrices in polylactic acid (PLA) films with the addition of sophorolipids, and
attributed this effect to the slow and inhomogeneous evaporation of the solvent, which

led to the agglomeration of the added sophorolipids.
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Figure 2 - SEM micrographs of films based on pullulan starch with the addition of
sophorolipids.
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AP: pullulan, starch APr: pullulan starch, citric acid. AP-SL10.0: starch, puIIuIan and 10% sophorolipids.
APr-SL10.0: starch, pullulan, citric acid and 10% sophorolipids.

3.2. Solubility and water vapor permeability (WVP)

The solubility and water vapor permeability results of the films are shown in Table
2. The addition of sophorolipids increased the solubility of the films in the AP-SL2.5,
AP-SL5.0 and AP-SL10.0 formulations, resulting in 100% of solubility when the highest
concentration of sophorolipids was used (AP-SL10.0). Ziemba et al. (2019) showed that
the incorporation of lactonic sophorolipids in electrospun PLA fibers conferred a more
hydrophilic character to the material, possibly due to the hydrophilic sugar portion, which
may explain this increase in solubility.

The incorporation of sophorolipids and citric acid in the formulations did not
significantly affect the solubility of the samples (p>0.05), with solubility values ranging
from 61 and 64% (Table 2). Wu and collaborators (2019) showed that increasing the citric
acid content in starch and chitosan films resulted in a decrease in solubility, because the
reaction with citric acid decreases the availability of hydroxyl groups, which are
hydrophilic, and which react with the carboxylic groups of citric acid via esterification
reaction, resulting in reinforcement of polymeric chains.

WVP was affected by the addition of sophorolipids and citric acid (Table 2). Films
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prepared with the crosslinking agent resulted in less permeable samples at all
concentrations of added sophorolipids, which confirms the ability of citric acid to
reinforce the polymeric structure, resulting in materials with better barrier properties.
WVP decreased significantly according to increasing concentration of sophorolipids.
According to Maniglia et al. (2019), the reduction of WVP may result from the interaction
between the surfactant and the starch, reducing the diffusion of water vapor through the
film matrix. According to these authors, the decrease in WVP is an interesting feature for
biodegradable films, resulting in a disfavor of microbial growth, leading to greater

microbiological stability of the product during its storage.

3.3. Mechanical properties

Films containing sophorolipids without the crosslinking agent (AP-SL2.5, AP-
SL5.0 and AP-SL10.0), did not lead to significant changes in the mechanical properties
(Table 2). In films prepared with the addition of citric acid, the results showed no
significant effect of the addition of sophorolipids on the RMT, but a significant increase
in elongation was observed with the addition of sophorolipids (Table 2). The reaction
with citric acid was able to reinforce the polymer matrix through the formation of
intermolecular ether or ester bonds with the hydroxyl groups of the starch and pullulan
molecules (Miskeen et al. 2021; Simdes et al. 2020), which resulted in films with greater
deformation and elongation capacities, but more flexible.

Other authors had already reported the effect of sophorolipids on the increase in
elongation of biodegradable films, attributing this effect to their plasticizing action.
Plasticizers interfere with the polymer matrix leading to a decrease in the intermolecular
forces responsible for its formation, resulting in more flexible films (Hipolito et al., 2021,
Solaiman et al. 2015; Silveira et al. 2020).

3.4. Fourier Transformed Infrared (FT-IR) Spectroscopy

The FT-IR spectra of the biofilms and the produced starch films are presented in
Figure 3. The band at 3400 cm™ was observed in all samples, and it can be attributed to
the stretching of the O-H bonds related to the hydrogen bonds established between the
components of the films. The band situated between 2900 and 2850 cm refers to C-H
bonds and it is also present in all samples. The 1650 cm™ band was attributed to water
absorbed by starch and pululan molecules (Sueiro et al., 2016; Hipdlito et al., 2021).

In the samples containing citric acid, different intensities of the band at 3400 cm’
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! can be seen, becoming wider and less intense, associated with the lower amount of OH
available in the films (Seligra et al. 2016). Furthermore, a band at 1750 cm™ appears in
these films, which can be attributed to the stretching vibrations of the C = C and C = 0
(carbonyl ester group) bonds, which were possibly formed from the esterification of
starch and pullulan with citric acid. Other authors have already reported the presence of
this band from the reaction of starch with citric acid. Crosslinking agents are capable of
forming intermolecular ether or ester bonds with the hydroxyl groups in starch molecules
and, depending on the level of substitution, the polymer network is reinforced and results
in changes in solubility and water absorption capacity (Miskeen et al. 2021; Simdes et al.
2020).

Figure 3. FT-IR spectra of films based on pullulan starch with the addition of
sophorolipids.

i, e _——~APF-SL10.0
el 1750/( 1;\20
34000 2900 2850 ot
gy A0} 20 2O e -~ APr-SL5.0
M
’_MN__“A/*"”"‘\/\}‘,
Ay e i L i APr-SL2.5
' ”
_— V.,.\
= TN,
3 [ty B e Yy, fwwmmw ‘APr
© vav 7
e
(T [, e e (e B VN AP-SL10.0
g M\\,\/ / /W.i_\\/\/\
i e A
S [, gt g AP-SL5.0
S \ /
= N
o .
o " N NN
Ay Y VS NI b
PN AJ\,I,L'\-| - g N w\.w AP SL25
""ﬂ"«\-\’t’\"«.f"‘lw,\ll.”\q R — gy, v J/-m‘a‘ﬁ\ww— S I e A P

¥ T T T T T % T ¥ T % T T T K T v 1
4000 3600 3200 2800 2400 2000 1600 1200 800 400
Numero de onda (cm™)

AP: starch, pullulan. AP-SL2.5: starch, pullulan e 2,5% of sophorolipids. AP-SL5.0: starch, pullulan and
5% of sophorolipids. AP-SL10.0: starch, pullulan and 10% of sophorolipids. APr: starch, pullulan,
reticulated with citric acid. APr-SL2.5: starch, pullulan, citric acid and 2,5% of sophorolipids. AP-SL5.0:
starch, pullulan, citric acid and 5% of sophorolipids. APr-SL10.0: starch, pullulan, citric acid and 10% of
sophorolipids.

3.5. Antimicrobial activity of films
The antimicrobial effect of different film formulations containing pullulan, starch
and increasing concentrations of sophorolipids were evaluated against S. aureus and S.
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epidermidis. Figure 4 shows the antimicrobial activity of the films in contact with
microorganisms at 30 min and 60 min.

As expected, the films without the addition of sophorolipids did not exhibit any
antimicrobial effect against the bacteria tested (Figure 4). Considering that the initial
count of both microorganisms was 10 CFU. mL™, in the films produced without the
crosslinking agent (Figure 4A and 4B), a decrease in the cell count was observed as the
concentration of sophorolipids increased, indicating the effectiveness of the matrix used
to release the sophorolipids to the microorganisms.

The formulation containing citric acid (crosslinking agent) without the addition of
sophorolipids showed a small antimicrobial activity (APr formulation, Figure 4C and
4D). On the other hand, films with the crosslinking agent and with the addition of
sophorolipids were able to completely inhibit both microorganisms tested within 30 min
(Figure 4C and 4D) Similar results were found in the works of Reddy and Yang (2010),
where the presence of citric acid increased the antimicrobial activity of chitosan films,
due to its inhibition effects for some bacteria (In et al. 2013; Mahmound, 2014). After 60
min of incubation of the films with the microorganisms, all the formulations containing
sophorolipids were efficient for the complete reduction of the tested microorganisms.

According to the literature, the antimicrobial activity of sophorolipids is
characterized by changes or rupture of the membrane, inducing lysis and possible leakage
of the cytoplasmic content of the target bacteria. This effect is related to sugar and lipid
portions of sophorolipids. Due to their amphiphilic characteristics, sophorolipids decrease
the hydrophobicity of bacterial plasma membranes, presenting bactericidal
characteristics, being able to induce cell death and biofilms of Gram positive and Gram-

negative bacteria (Ceresa et al. 2021; Freitas et al. 2018).
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Figure 4 - Antimicrobial activity of pullulan, starch and sophorolipid films.
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A) Formulations without citric acid for the microorganism S. aureus in contact for 30 min (m) and in contact
for 60 min (e). B) Formulations without citric acid for the microorganism S. epidermidis in contact for 30
min (m) and in contact for 60 min (e). C) Formulations with citric acid for the microorganism S. aureus in
contact for 30 min (m) and in contact for 60 min (e). D) Formulations with citric acid for the microorganism
S.epidermidis in contact for 30 min (m) and in contact for 60 min (e).

4. Conclusion

The results obtained in this work showed that the mixture of sophorolipids,
pullulan, starch and citric acid resulted in biofilms without signs of agglomeration,
indicating a good interaction between sophorolipids and the polysaccharides matrix.
The films produced with sophorolipids exhibited great antimicrobial activity, being able
to inhibit 100% the growth of S. aureus and S. epidermidis. Consequently,
sophorolipids can be considered a promising ingredient for incorporation in biofilms,
being an ecologically correct active compound with a natural antimicrobial for the

treatment of bacterial infections of the skin.
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6 CONCLUSOES

A producéo de soforolipidios foi de 43,38 g.L™* com produtividade 0,164 g.L.h em 264
horas, com rendimento de 38,24% de eficiéncia de conversdo de substratos. O
crescimento de biomassa foi de 50g.L™ ao final da fermentagdo e o consumo de glicose e
acido oleico foi de 99,25 % e 76 % respectivamente. A analise de HPLC mostrou que 0s
soforolipidios produzidos em comparacdo ao padrdo foram principalmente lacténico
C18:1 diacetilado.

Os soforolipidios foram capazes de inibir os microrganismos S. aureus e S. epidermidis
com concentracdo inibitéria minima (MIC) de 31,25 pg/mL e 125,0 pg/mL
respectivamente. O Oleo de palmarosa teve MIC de 5000 pg/mL para ambos 0s
microrganismos. A combinacdo de soforolipidios com o 6leo de palmarosa se mostrou
sinérgica, diminuindo os valores de MIC dos soforolipidios em 98% para S. aures e 50%

para S. epidermidis.

Atividade antioxidante dos soforolipidios foram de 28,31% na concentracdo de 4 mg/mL
e 0 6leo de palmarosa foi de 39% a 0,4 mg/mL. Houve um aumento para 55% na atividade

quando ha combinacdo com o éleo de palmarosa.

As formulacbes cosmecéuticas gel-creme desenvolvidas apresentaram boa estabilidade
nas condicdes testadas, com aproximadamente 92% de retencdo de umidade. A
formulacdo sem a adicdo de conservante sintético apresentou 100% de inibi¢do contra os
patdgenos S. aureus, S. epidermidis e P. acnes e estabilidade demonstrando ser

autoconservante.

As formulagbes cosmecéuticas de filmes biopoliméricos com soforolipidios, a base de
pululana e amido e se mostraram integras, sem bolhas indicando uma boa interacao entre
os ingredientes. A adicdo de acido citrico melhora propriedades hidrofilicas e
propriedades mecénicas dos filmes. Devido a presenca de soforolipidios os filmes
exibiram atividade antimicrobiana de 100% de inibic&o para os microrganismos S. aureus

e S. epidermidis.

Esses resultados mostram que os os soforolipidios podem ser considerados um
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ingrediente promissor para a incorporagdo formulagGes cosmeceuticas, sendo

ecologicamente correto para o tratamento de infec¢Oes bacterianas da pele e acne.
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