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RESUMO

Os biossurfactantes sdo moléculas anfipaticas produzidas por micro-organismos e
possuem importancia recentemente devido as varias e importantes aplicacfes industriais
e ambientais. Estes compostos possuem vantagens como biodegradabilidade, producéo
a partir de fontes renovaveis além de funcionalidade sobre condi¢cfes extremas de pH,
salinidade e temperatura. Entretanto, a sua utilizagdo na industria depende da reducao
do custo associado a sua producdo, sendo uma possivel estratégia o uso de fontes
renovaveis como os residuos agro-industriais. Neste sentido, a linhagem de Candida
tropicalis demonstrou habilidade para converter residuos agro-industriais (soro de leite,
manipueira e 6leo de soja poés-fritura) er;l meio de producdo de biossurfactante

empregando um planejamento fatorial 2. A selecdo da melhor condicdo do
planejamento foi avaliada utilizando como varidvel resposta tensdo superficial. Desta
forma, o melhor resultado foi obtido no meio basal (3% de soro de leite, 7% de
manipueira e 10% Oleo de soja pos-fritura), observando-se uma reducdo da tensdo
superficial da agua de 72 para 30,8 mN/m. Ao mesmo tempo, a degradacdo de
petroderivados foi avaliada no meio Bushnell Haas, com o indicador redox 2,6-
diclorofenol — indofenol e com a linhagem selvagem aclimatada em 6leo diesel a 30%.
Os resultados obtidos evidenciaram que a levedura aclimatada apresentou o melhor
resultado para o diesel com 98% de degradacdo. Em seguida, a linhagem foi identificada
molecularmente como Candida tropicalis. Desse modo foi realizado um perfil de
crescimento e producdo do biossurfactante durante 96 horas de cultivo a 150 rpm, com
reducdo da tensdo superficial do meio de 70 mN/m para 28,9 mN/m. O biossurfactante
produzido demonstrou estabilidade em condicGes extremas de pH (2- 12), temperatura
(4, 70, 100 e 120°C) e concentracdo salina (2-10%). O rendimento do biossurfactante
isolado foi de 3,9 g/L, com uma concentracdo micelar critica de 1,5%. Além disso, o
novo biossurfactante foi caracterizado como polimérico (51% de proteinas, 37% de
lipidos e 11 % de carbohidratos), apresentando uma atividade antimicrobiana para as
bactérias Pseudomonas aeruginosa sp. Salmonella sp. UCP 6017, Serratia marcescens
UCP 1549, Eschericia coli, Lactobacillus sp., Staphylococcus aureus, Staphylococcus
epidermidis, Bacillus licheniformis UCP 1013, e a levedura Candida albicans. Ao
mesmo tempo, o biossurfactante demonstrou ndo ser toxico quando testado em sementes
de Brassica oleracea, Lactuca sativa L., Solanum lycopersicum. Os resultados obtidos
confirmaram o elevado potencial biotecnologico da Candida tropicalis na
biotransformacdo de rejeitos agroindustriais na producdo de um novo biossurfactante,
indicando uma diversidade de aplica¢gdes em processos biotecnologicos (biorremediagdo
com poluentes hidrofobicos), como também para a satde atuando contra bactérias Gram
positivas e negativas, além da levedura oportunista C. albicans.

Palavras chaves: Biossurfactante. Candida tropicalis. Residuos agroindustriais.
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ABSTRACT

Surfactants are amphipathic molecules produced by microorganisms and have been
gaining importance recently due to several important industrial and environmental
applications. These compounds have advantages such as biodegradability; production
from renewable sources other feature under extreme conditions of pH, salinity and
temperature. However, its use in the industry depends on reducing the cost associated
with its production, being one possible strategy the use of renewable sources such as
agro-industrial waste. Therefore, Candida tropicalis demonstrated ability to convert
agro-industrial waste (whey, cassava wastewater and post-fry soy oil) in biosurfactant

production medium employing a factorial design 23. The selection of the best condition
of the planning was assessed using as variable surface tension response. Thus, the best
result was obtained in basal medium (3% whey, 7% cassava wastewater and 10%
soybean oil post-frying), observing a reduction of the surface tension of water from 72
to 30.8 mN/m. At the same time, petro derivatives degradation was evaluated in the
middle Bushnell Haas, redox indicator with 2,6-dichlorophenol - indophenol and the
wild type strain acclimatized for diesel fuel to 30%. The results showed that the
acclimatized yeast showed the best result for the diesel with 98% degradation. Then, the
strain was identified as Candida tropicalis molecularly. Thus, it performed a growth
profile and production of the biosurfactant for 96 hours of cultivation at 150 rpm,
reducing the surface tension from 70 mN/m to 28,9 mN/m. The produced biosurfactant
showed stability in extremes conditions of pH (2-12), temperature (4, 70, 100 and
120°C) and salt concentrations (2-10%). The yield of isolated biosurfactant was 3.9 g/L,
with a critical micelle concentration of 1.5%. Furthermore, the new biosurfactant was
characterized as a polymeric (51% protein, 37% lipid and 11% carbohydrate), having an
antimicrobial activity for Pseudomonas aeruginosa sp. Salmonella sp. UCP 6017,
Serratia marcescens UCP 1549, Eschericia coli, Lactobacillus sp., Staphylococcus
aureus, Staphylococcus epidermidis, Bacillus licheniformis UCP 1013, and the yeast
Candida albicans. At the same time, the biosurfactant was not toxic when tested in
Brassica oleracea, Lactuca sativa L., Solanum lycopersicum. The results confirmed the
high biotechnological potential of Candida tropicalis in the biotransformation of agro-
industrial wastes for the production of a new biosurfactant indicating a variety of
applications in biotechnology processes (bioremediation with hydrophobic pollutants)
as well health acting against positive and Gram negative bacteria, as well as
opportunistic yeast C.albicans.

Key words: Biosurfactant. Candida tropicalis. Agro-industrial waste.
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1. INTRODUCAO

Os manguezais sdo ecossistemas de transi¢cdo entre ambientes terrestres e marinhos nas regioes
tropicais e subtropicais do mundo (THATOI et al., 2013). Eles contribuem com a filtragem de agua
e sdo vitais exportadores de matéria organica para os estuarios e formac@es costeiras. Além disso,
sdo reflgios de vida silvestre e de animais terrestres, além de serem bercérios para numerosos
organismos aquéaticos (GODQOY e LACERDA, 2015). Igualmente, uma grande diversidade de
micro-organismos também tem sido informada nestes ecossistemas (SOSOVELE e HOSEA, 2013;
THATOI et al., 2013). Especificamente os fungos sdo importantes produtores de metabolitos
secundarios como, por exemplo: antibidticos, alcaldides, flavondides, quinonas, esterdis,
biossurfactantes e outros, com ampla aplicabilidade em diversos setores da industria. Dai que tem
aumentado recentemente o interesse dos pesquisadores para isolar e estudar novas linhagens com
potencial biotecnologico (IMOFF, 2016; BALASUBRAMANIAN e SHANMUGASUNDARAM,
2016).

Por outro lado, os surfactantes microbianos sdo compostos versateis que apresentam uma
excelente capacidade para reduzir as tensdes superficial e interfacial entre diferentes fases (liquido-
ar, liquido-liquido e liquido-solido), alem de apresentarem baixa Concentracdo Micelar Critica
(CMC) e formar emulsdes estveis (SOUZA et al., 2014). De outro lado, a estabilidade em
condi¢cdes ambientais adversas, a baixa toxicidade, a biodegradabilidade, além da compatibilidade
com o ambiente, oferece vantagens a estes compostos sobre seus similares sintéticos (SILVA et al.,
2015).

Neste sentido, a producdo em grande escala destes compostos ainda é limitada pelo alto custo
devido, em parte, ao valor dos meios de cultura (LUNA et al.,, 2011). Estratégias de
reaproveitamento de residuos gerados por industrias de alimentos vém sendo adotadas como uma
alternativa viavel de fontes nutricionais para a biossintese de biossurfactantes. Sendo assim, a
possibilidade de reutilizar estes residuos permite minimizar a polui¢do causada pelo descarte no
meio ambiente, além de acrescentar valor aos residuos do descarte (CERQUEIRA e COSTA, 2009;
BANAT et al., 2014; RUFINO et al., 2014).

Neste contexto, a maioria das pesquisas cientificas atuais relacionadas com a producdo de
biossurfactantes utilizam bactérias (MARIM et al., 2015; SILVA et al., 2015). Porém, as leveduras
sdo conhecidas pela producdo de biossurfactantes em grande escala quando comparadas com as
bactérias. Desse modo, leveduras do género Candida tém sido exploradas com sucesso na obtencdo

destes metabolitos com elevado interesse industrial (RUFINO et al., 2014)
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Dentre as diversas aplica¢fes dos biossurfactantes, sua utilizacdo na area da biorremediacdo tem
sido amplamente explorada devido a que a contaminacdo ambiental causada pelos derramamentos
de petréleo e seus derivados constitui um dos principais problemas da sociedade contemporanea
(BENTO et al., 2008; LAWNICZAK et al., 2013). Considerando o desenvolvimento de técnicas
que objetivam a descontaminacdo das regiGes impactadas, estratégias baseadas em métodos fisicos,
quimicos e bioldgicos, vém sendo desenvolvidas. Desse modo, 0 uso de surfactantes microbianos
como compostos que auxiliam a biodegradacéo de hidrocarbonetos ganha especial destaque por ser
uma alternativa viavel e promissora para o tratamento desses ambientes impactados por petroleo e
seus derivados (MADIGAN et al., 2000; MULLIGAN, 2009; AYED et al., 2015).

Ao mesmo tempo, 0s biossurfactantes ndo sO sdo Uteis como agentes antibacterianos,
antifungicos e agentes antivirais. Além disso, estes compostos tém o potencial para serem usados
como revestimentos anti-adesivos biologicos para biomateriais, reduzindo assim as infeccdes
hospitalares e o uso de drogas sintéticas e produtos quimicos. Eles também podem ser incorporados
em preparacdes probioticas para combater infeccBes do trato urogenital e pulmonar (PRASAD et
al., 2015).

Desse modo, o presente trabalho teve como objetivo o isolamento de leveduras do género
Candida isoladas a partir de sedimentos de mangue além de avaliar seu potecial biotecnolégico na
producdo de biossurfactantes.



Rubio-Ribeaux, D. Isolamento e identifica¢io de leveduras do género Candida em sedimentos... 12

2. OBJETIVOS

2.1 Objetivo Geral

- Isolar e identificar leveduras do género Candida em sediemntos de mangue do Rio
Formosos e avaliar o petencial biotecnoldgico naproducdo de biossurfactante.

2.2 Objetivo Especificos

- Realizar bioprospeccdo de leveduras em sedimentos de mangue;

- Investigar o potencial das leveduras do género Candida na producdo de biossurfactantes;

- Realizar taxonomia poliféasica para a identificacdo das leveduras do género Candida produtoras de
biossurfactantes através de testes morfoldgicos, bioquimicos e moleculares;

- Avaliar o potencial de biodegradacao de petroderivados pela linhagem selecionada aclimatada em
diesel;

- Avaliar o potencial da levedura de produzir biossurfactantes utilizando como substratos residuos
agro-industiais (soro de leite, manipueira e 6leo desoja pds-fritura);

- Selecionas as melhores condig¢des para producéo do biossurfactante através de planejamento fatorial
completo;

- Isolar e caracterizar o biossurfactante;

- Validar os resultados.
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3. REVISAODA LITERATURA

3.1 Manguezais

Os manguezais podem-se definir como ecossistemas costeiros de regiGes tropicais e
subtropicais de todo o mundo que sdo encontrados nas zonas de transicdo entre a terra, mar e rios
(GHIZELINI et al., 2012; BALASUBRAMANIAN e SHANMUGASUNDARAM, 2016). Ao
contrario de outras florestas tropicais, 0s manguezais sdo compostos por um numero relativamente
pequeno de espécies de arvores e arbustos de plantas. Estas espécies vegetais sdo especialmente
adaptadas a salinidade flutuante e possuem a capacidade de viver em sedimentos lodosos com baixa
concentracédo de oxigénio (SCHAEFFER-NOVELLI et al., 2000; GHIZELINI et al., 2012).

De outro lado, ao contrario da maioria dos solos, os sedimentos de mangue apresentam
condicdes predominantemente anaerdbias. As fracdes finas (principalmente particulas de tamanho
silte e argila) dominam sua textura combinada com altas concentracdes de matéria organica e sais
(SCHAEFFER-NOVELLI et al., 2000; GHIZELINI et al., 2012). Este tipo de solos possui grande
diversidade microbiana frequentemente encontrada em comunidades complexas chamados
biofilmes, onde as diferentes espécies degradam a matéria organica (THATOI et al. 2013). No caso
especifico dos fungos, a sua ocorréncia nestes ecossistemas é favorecida por condi¢fes de umidade,
ambientes ricos em matéria organica, aeracao e baixo pH entre outros fatores. Neste sentido, varios
sdo os trabalhos que informam o isolamento de leveduras destes ambientes, sendo espécies do
género Candida das mais identificadas (SILVA, 2002; AM-IN et al., 2011; JAMES et al., 2013).

3.2 Leveduras do Género Candida

As leveduras do género Candida sdo identificadas como um grupo de fungos leveduriformes que
podem ser encontrados em diversos ecossistemas como rios e solos, e em casos especiais, em seres
humanos e animais (AKPAN e MORGAN, 2002; BARRQOS, 2005). Geralmente, na forma de
levedura apresentam células ovaladas ou alongadas, medindo em média 3 a 7 um de largura por 3 a
14 pm de comprimento, com micélio em forma de pseudohifas ou podem formar hifas verdadeiras.
Além disso, apresentam como caracteristicas colénias Umidas, cremosas, de aspecto liso ou rugoso
e coloragdo branco-amarelada (KUTZMAN e FELL, 2000; RODRIGUES, 2006). As espécies de
Candidapodem viver como saprdbias, comensais ou parasitas patogénicos aos humanos e animais.
Entre elas podemos destacar C. albicans, C. catenulada, C. dattila, C. famata, C. glabrata, C.

guilliermondii, C. inconspicua, C. kefyr, C. krusei, C. lusitanae, C. parapsilosis, C. pulcherrima, C.
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stelatoidea, C. viswanathii, C. tropicalis e C. zeylanoides.Um pequeno numero delas é responsavel
pela maioria das infeccbes em humanos, pois em individuos imunologicamente saudaveis, 0s
mecanismos de defesa do hospedeiro séo suficientes para prevenir infeccbes por Candida
(ALEXOPOULOS et al., 1996; PEREIRA, 2002).

3.3 Aplicacao biotecnoldgica de leveduras do Género Candida

As leveduras, especialmente do género Saccharomyces, tém sido utilizadas desde os inicios da
civilizacdo em diversos processos biotecnoldgicos, que englobam, por exemplo, a producdo de
bebidas alcoolicas (cerveja, vinho, etc.) e produtos de panificacdo, entre outros (QUEROL e BOND,
2009). Porém, espécies de leveduras como Candida ndo tém sido referidas como micro-
organismos com aplicacdo na fermentacdo industrial para a producdo de bioetanol e outros
compostos organicos Uteis. Entretanto tem sido comprovado o alto potencial biotecnolégico deste
género devido a grande versatilidade metabdlica. KATHIRESAN SARAVANAKUMAR (2011) e
SENTHILRAJA et al. (2011) mostraram que espécies de Candida ndo sdo apenas agentes
patogénicos, sendo que podem ser ferramentas Uteis para a producdo de bioetanol. Desse modo,
estes investigadores, obtiveram etanol a partir de C. tropicalis e C. albicans isoladas de
ambiente marinho. Por outo lado, representantes deste género tem sido utilizados com sucesso na
producdo de biossurfactante, por exemplo: C. glabrata (LUNA et al.,, 2009), C.bombicola
(KURTZMAN et a., 2010), C. sphaerica (LUNA et al., 2011), C. lipolytica (RUFINO et al., 2014)
e C. tropicalis (VERMA et al. 2015).

3.4 Surfactantes

O termo surfactante deriva da expressdo em inglés "surface active agents" (agentes de
atividade superficial) por apresentarem atividade nas superficies e interfaces dos liquidos (ROSEN
e KUNJAPPU, 2012). Estes compostos possuem na sua estrutura quimica duas porcées, uma regido
hidrofilica, usualmente chamada de cabeca, e a segunda regido hidrofobica, chamada de cauda
(ROSEMBERG e RON, 2013; UZOIGWE et al., 2015) (Figura 1).

No caso da parte hidrofobica ou regido apolar geralmente € constituida por hidrocarbonetos
(SABATINI et al., 2006), entre 10 e 20 a&tomos de carbono, que podem ser aromaticos ou alifaticos,

lineares ou ramificados e carbonos reduzidos (CHU e CHAN, 2003).

O grupo hidrofébico influéncia na concentracdo micelar critica (CMC), uma propriedade das
moléculas tensoativas embora ndo seja 0 grupo que caracteriza o surfactante (BORDOLOI et al.,
2008).



Rubio-Ribeaux, D. Isolamento e identifica¢io de leveduras do género Candida em sedimentos... 15

( Cauda apolar ]

Cabega polar

Figura 1. Acumulacdo do biossurfactante na superficie entre um liquido e o ar

(PACWA-PLOCINICZAK et al., 2011)

Por outro lado, o grupo hidrofilico classifica-se como i6nico (catibnico ou anidnico), nao-
ibnico ou anfotérico (BANAT et al., 2000; ROSENBERG e RON, 2013). No caso dos grupos
hidrofilicos catibnicos sdo constituidos por sais de amonio, enquanto 0s aniénicos possuem a parte
hidrofilica constituida por grupo carboxilato, hidroxi, sulfato ou fosfato. Os surfactantes ndo iénicos
contém grupos sem carga e, nos surfactantes denominados anfotéricos, na mesma molécula grupos

com uma carga negativa e uma positiva, dependendo do pH (AZARMI e ASHJARAN, 2015).

A grande maioria dos surfactantes que sao comercializados é sintetizados a partir de derivados
de petréleo (DESAI e BANAT, 1997; BANAT et al., 2010). Dessa forma, a crescente necessidade
de preservacdo ambiental e as legislacGes de controle do ambiente tém levado os pesquisadores a
procura por produtos naturais como alternativas aos produtos existentes. Nesse contexto, ganha
especial destaque os surfactantes produzidos por micro-organismos, principalmente por bactérias e
leveduras (CORTIS e GHEZZEHEI, 2007; CAMPOS et al., 2013).

3.5 Biossurfactanes

Biossurfactantes sdo compostos anfifilicos produzidos principalmente pelos micro-
organismos (bactérias e fungos) de forma extracelular ou nas superficies celulares
(VIJAYAKUMAR e SARAVAN, 2015).

Estas moléculas sdo sintetizadas a partir de varios substratos tais como carboidratos,
hidrocarbonetos, gorduras, 6leos ou suas misturas, entre outros (SAHARAN et al., 2011; SHEKAR
et al., 2015). Devido ao curto tempo de geracdo quando comparados ao crescimento de plantas e
animais a produgdo microbioldgica destes compostos é considerada promissora (BANAT et al.,
2010).

Igualmente, estas moléculas sdo conhecidas por sua capacidade de se acumular entre
interfaces com diferente grau de polaridade, o que reduz as forcas de repulsdo e permite a mistura
das duas fases (LUNA et al., 2011; KAPADIA e YAGNIK, 2013).
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3.5.1 Classificacdo e microdrganismos produtores

Os surfactantes de origem microbiana podem variar de uma a outra espécie de micro-

organismo ou inclusive no mesmo micro-organismo (NIE et al., 2010; JARA et al., 2013). Assim,

estes compostos podem ser classificados de acordo com a sua natureza quimica e massa molecular.

Dentre as principais classes podem-se citar glicolipideos, lipopeptideos, lipoproteinas, fosfolipideos,

acidos graxos, surfactantes poliméricos e surfactantes particulados (HARSHADA, 2014) (Tabela 1).

Tabela 1- Principais classes de biossurfactantes e micro-organismos produtores

Classe/Tipodebiossurfactante

Mlicro-organismo

Gilicolipideos

Ramnolipideos
Trealolipideos

Soforolipideos

Lipopeptideoselipoproteinas
Peptideo-lipideo
Viscosina
Serrawetina
Surfactina
Subtilisina
Gramicidina
Polimixina
Acidosgraxoslipideosneutrose fosfolipideos
Acidos graxos
Lipideos neutros
Fosfolipideos
Surfactantespolimeéricos
Emulsan
Biodispersan
Liposan
Carboidrato-Lipideo-Proteina
Manana-Lipideo-Proteina
Surfactantesparticulados
vesiculas
celulas

Pseudomonasaeruginosa
Torulopsisbombicola, T apicola

Rhodococcuserythropoli,
Mycobacteriumsp.

Bacilluslicheniformis
Pseudomonas fluorescens
Serratia marcescens
Bacillussubtilis
Bacillussubtilis
Bacillussubtilis
Bacilluspolymyxia

Corynebacteriumlepus
Nocardiaerythropolis
Thiobacilusthiooxidans

Acinetobactercalcoaceticus
Acinetobactercalcoaceticus
Candidalipolytica
Pseudomonas fluorescens
Candidatropicalis

Acinefobactercalcoaceficus
Varias bactérias

Fonte: DESAI e BANAT, 1997; SILVA et al., 2014a.
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3.5.2 Propriedades fisico-quimicas dos biossuractantes

Algumas das principais aplicagdes dos biossurfactantes encontram-se diretamente
relacionadas com suas propriedades. Assim, estas biomoléculas tornam-se atrativas nas mais
diversas areas da industria (SAHARAN et al., 2011; JAMAL et al., 2012; SARAFIN et al., 2014).

A tensdo superficial pode ser definida como a for¢a por unidade de comprimento ou de
energia por unidade de area, que se origina a partir da diferenca entre as forgas intermoleculares que
atuam na interface (fluido-fluido ou fluido- gas) (BOUROUIBA et al., 2014). Esta propriedade se
manifesta em um liquido ao manter as moléculas unidas na sua superficie sendo uma consequéncia
das forcas intermoleculares. Dessa forma, cada molécula é atraida por outras moléculas em todas as
direcGes do espaco no interior do liquido, enquanto que as moléculas superficiais sO estdo
submetidas a tensdo das moléculas que tém por baixo (DESAI e BANAT, 1997; HEWITT, 2002).

De acordo com a literatura a tensao superficial da agua destilada é de 72 mN/m, e quando se
adiciona um biossurfactante reduz-se esse valor. Sendo assim, as tensdes nas faixas de 35 mN/m a
40 mN/m, indicam que o micro-organismo é promissor na producdo destes compostos e abaixo de
35 mN/m, indica que 0 micro-organismo pode ser considerado um eficiente produtor (MULLIGAN,
2005; LUNA et al., 2011). Neste contexto, o comportamento do biossurfactante adicionado a dgua
faz com que as suas moléculas se orientem de modo que se minimize a repulsdo entre 0s grupos
hidrofobicos e a agua. Os grupos polares ficam na solu¢édo aquosa, proximo a superficie, e 0s grupos
apolares ficam na interface agua-ar, minimizando o contato com a agua (Figura 2). Dessa forma, se
gera uma diminuicdo na tensdo superficial da dgua ao provocar um desarranjo em sua superficie
(APARNA et al., 2011).

..&...
.%.

Figura 2. Efeito do biossurfactante na tensdo superficial

A Concentracdo Micelar Critica (CMC) refere-se a concentragdo minima de biossurfactante
requerida para atingir a menor tensio superficial. (SOUZA et al., 2008; SOBERON-CHAVEZ e

MAIER, 2011). Encontra-se diretamente relacionada com a tensdo superficial e € uma medida da
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eficiéncia do surfactante variando na faixa de concentracfes de 1 a 2000 mg/L. A CMC confere
propriedades de detergéncia e solubilizacdo de compostos hidrofébicos. Enquanto que a efetividade
esta relacionada com as tens@es superficiais e interfaciais as quais devem atingir valores em torno
de 31 e 1 mN/m, respectivamente (MAKKAR et al., 2011).

As micelas sdo agregados de mondmeros de surfactantes que a partir de uma determinada
concentracdo (CMC) se associam. Abaixo da CMC, o surfactante estad predominantemente na forma
monomérica (Figura 3). A intensidade de adsor¢cdo do biossurfactante a superficie depende de sua
concentracdo ocasionando uma variacdo na ordenacdo destas moléculas sobre a superficie. Em
concentragdes muito baixas de biossurfactante, o0 mesmo se distribui na superficie e tende a se
orientar paralelamente a esta. Quando ocorre um aumento da concentracdo de surfactante, observa-
se uma diminuigdo da area disponivel para as moléculas iniciando o processo de ordenacdo das
mesmas a superficie (CHEN et al., 2011; SAHARAN et al., 2011).

|
=
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Figura 3. Efeito da concentracdo do biossurfactante na tensdo superficial. a, b, ¢ monstram a posicéo
dos surfactantes na interfase e na formacédo das micelas na medida que aumenta do surfactante

(RAIGER e LOPEZ, 2009).

De outro lado, a emulsificacdo se define como dispersdo de um liquido em outro. Sendo
assim, os surfactantes agem como moléculas que facilitam a formacdo de uma emulséo devido a
capacidade de diminuir a tensdo interfacial entre fases com diferente grau de polaridade. Desse
modo aumenta a solubilidade de substratos insolUveis ou com pouca solubilidade (NITSCHKE e
COSTA, 2007; LOPES et al., 2014).

As emulsdes sdo muito instaveis e, portanto, ndo se formam espontaneamente, sendo
necessario fornecer energia, tal como a agitacdo. Neste processo ocorre a formacdo de gotas

microscopicas que variam em tamanho (0,1 e 100 nm de didmentro). Quanto menor o diametro das
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goticulas, mais estavel a emulsdo formada (NITSCHKE e PASTORE, 2002; LIMA et al., 2007).
Esta propriedade faz dos surfactantes compostos atrativos para seu uso nas industrias de cosméticos
e alimentos (MUTHUSAMY et al., 2008; RUFINO et al., 2014).

3.5.3 Vantagens da utilizacao dos biossurfactantes em relacéo aos sintéticos

Apesar da diversidade dos biossurfactantes eles apresentam algumas caracteristicas que séo
comuns a maioria destes compostos. Na atualidade, devido & preocupacdo pelo crescente deterioro
ambiental a demanda de surfactantes obtidos a partir de fontes renovaveis tem aumentado. Sendo
assim, estes compostos tornam-se uma alternativa promissora para diversos setores da industria,
além de que representam uma vantagem sobre seus similares sintéticos (GUDINA et al., 2015).

Neste contexto, podem-se mencionar como vantagens:

-Baixa toxicidade: os biossurfactantes exibem baixa toxicidade quando comparados com 0s
surfactantes sintéticos. Assim, estes compostos tém recebido maior atencdo devido a crescente
preocupacdo em relacdo aos efeitos alérgicos dos produtos artificiais, sendo permitidos em
alimentos, cosméticos e produtos farmacéuticos (GEYS et al., 2014; REBELLO et al., 2014).

- Biodegradabilidade: o fato de serem produtos naturais faz com que possam ser facilmente
biodegradados em ambientes aquaticos e terrestres, tornando-os adequados para aplicacdo na
biorremediacdo e no tratamento de residuos (FRANZETTI et al., 2012, SILVA et al., 2014a).

- Disponibilidade a partir de substratos de baixo custo: Os biossurfactantes podem ser
produzidos utilizando matérias-primas muito baratas e o que tem sido demonstrado em varios
estudos (MAKKAR et al., 2011; RUFINO et al., 2014).

- Tolerancia a temperatura, pH e forca idnica: muitos dos biossurfactantes ndo perdem as suas
propriedades quando submetidos a condigdes extremas de temperatura, pH e forca i6nica. Neste
sentido, alguns deles podem suportar temperaturas de até 90°C e apresentam maior estabilidade
térmica em condi¢des extremas quando comparados aos sintéticos (MAX et al., 2012). De igual
forma, possuem maior funcionalidade em valores extremos de pH, entre 5 e 12 por exemplo, e séo
potencialmente ativos quando submetidos a concentracdes de 10% de NaCl, enquanto que 2-3% de
sal séo suficientes para inativar surfactantes convencionais (MAKKAR e CAMEOTRA, 2002;
DAVISHI et al., 2011).

3.5.4 Principais aplicacdes dos biossurfactes
As diversas estruturas dos surfactantes microbianos conferir-lhes a capacidade de exibir

desempenho versatil. Neste sentido, 0 mercado global de biossurfactantes teve ganhos estimados em
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1,735.5 milhdes de dolares no ano 2011 e se espera chegue aos 2,210.5 milhdes de dolares no 2018

com 476,512.2 toneladas, segundo reportes da agéncia Transparency Market Research (2011).
3.5.4.1 Aplicagéo na agricultura

Os biossurfactantes sdo conhecidos por aumentar a biodisponibilidade para a biodegradacéo
de compostos hidrofébicos (LIU et al., 2010; PACWA-PLOCINICZAK et al., 2011). Por outro
lado, tem sido demonstrada a aceleracdo da dessorcdo de poluentes hidrofébicos fortemente ligados
as particulas do solo, o que resulta muito importante para o processo de bioremediacdo. Além disto,
estes compostos auxiliam na degradacédo de certos insecticidas quimicos, 0s quais se acumulam no
solo (ZHANG et al. 2011). De outro lado, os metais pesados, constituem micronutrientes essencias
e sdo requeridos para varios processos fisioldgicos no metabolismo das plantas; porém, quando
estdo presentes nos solos acima dos niveis adecuados causam contaminacdo. Neste sentido, existem
reportes da potencialidade demonstrada por biossurfactantes obtidos a partir de Pseudomonas sp,
Bacilus sp., and Acinetobacter sp. na remocdo de metais pesados (KASSAB e ROANE 2006;
PACWA-PLOCINICZAK et al. 2011; DIAZ et al.,, 2015). Outra aplicacdo dos surfactantes
microbianos tem sido a de agentes inibidores de fitopatdgenos. Assim, pesquisas utilizando
ramnolipideos confirmaram a inibicdo da formacdo de zo6sporos gque afetam plantas (HULTBERG
et al. 2008). VATSA et al. 2010 mostraram no seu estudo que o mesmo tipo de biossurfactante pode
estimular a imunidade da planta que é considerada como uma estratégia alternativa para reduzir a

infeccdo por patdgenos.
3.5.4.2 Aplicacao na industria dos cosméticos

Alguns biossurfactantes possuem acdo de detergéncia e propriedade espumante, 0 que 0s
tornam aplicaveis, em sabonetes liquidos e xampus (CAROLEI e GUTZ, 2005). Neste sentido,
MORITA et al. (2013) mostraram a alta capacidade antioxidante de um tipo de ramnolipideo
guando comparado com um antioxidante sintético, sugerindo seu uso como produto
antienvelhecimento para o cuidado da pele. Determinados soforolipideos, raminolipideos e lipideos
manosileritirol apresentaram excelentes propriedades que favoreceram seu uso em locdes,
hidratantes de pele e produtos anti-rugas (LOURITH e KANLAYAVATTANAKULI, 2009).

3.5.4.3 Aplicacdo na industria dos alimentos

Os surfactantes microbianos tém sido utilizados no processamento de alimentos com varios
fins. Geralmente eles desempenham um papel como ingrediente alimentar na formulacdo de
alimentos, além de ser estabilizantes de emulsdes devido a sua capacidade de diminuir a tenséo

superficial e interfacial. Por outro lado, a capacidade antiadesiva dos biossurfactantes torna eles
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ingredientes eficazes durante processo de fabricacdo de alimentos, especificamente na reducéo de
contaminagdo por patdégenos ou na remocao de micro-organismos aderidos (COSTA, 2010). Devido
a sua habilidade para controlar a aglomeracdo de globulos de gordura tém sido utilizados em
alimentos processados, tais como: creme de leite, manteiga, margarina, maionese, molhos entre
outros (SILVA, 2012).

3.5.4.4 Aplicacéo na medicina

Varios biosurfactantes tém forte atividade antibacteriana, antifingica e antiviral e podem
desempenhar o papel de agentes anti-adesivos contra patdgenos 0 que 0s torna Uteis para o
tratamento de muitas doencas, bem como a sua utilizacdo como agentes terapéuticos e probidticos
(GHARAEI- FATHABAD, 2011). Glicolipideos do tipo lipideos manosileritirol quando expostos a
células PC 12 aumentaram a atividade da acetilcolina-esterase e interrompeu o ciclo celular na fase
G1, com o consequente crescimento de neurites e diferenciacdo celular parcial, isto sugere 0 uso
destes biossurfactantes no tratamento de células cancerigenas (KRISHNASWAMY et al., 2008).
Vaérios destes compostos tém sido investigados como alternativas adequadas para medicamentos
sintéticos e antimicrobianos. Dessa forma, possiveis aplicacfes incluem a transfeccdo de genes, a
utilizacdo como adjuvantes para os antigénicos e o uso como inibidores da formacéo de coagulos de
fibrina. Além de que tém sido empregados como anti-adesivos para revestimentos de biomateriais e
de igual forma, tem-se incorporado como probioticos para combater infeccdes do trato urogenital e

para imunoterapia pulmonar (DE RIENZO et al., 2015).
3.5.5 Aplicagéo de biossurfactantes na biorremediacéo de hidrocarbonetos

A maioria dos informes na literatura para estes compostos referem-se a sua aplicacdo na
industria petroleira. Neste sentido, a sua natureza ndo toxica e biodegradavel tem tornado eles

alternativas sustentaveis e compativeis com o meio ambiente (LOPES et al., 2014).

Neste contexto, 0 aumento da preocupacdo pela contaminacdo de solos e aguas constitui um
dos principais problemas ambientais. Dentre as fontes contaminantes podem-se citar: os acidentes
no transporte de combustivel por navios e caminhdes, vazamentos de tanques de armazenamento
subterraneo sujeitos a corrosdo, extracdo de petroleo e operacdes de processamento, além do
lancamento inadequado de residuos oleosos gerados por industrias que utilizam derivados de 6leo
na producgdo de pléasticos, solventes, cosmeéticos e produtos farmacéuticos (EPA, 2008; LIN et al.,
2010).

Sendo assim, como estratégias para minimizar esta situagdo, métodos: fisicos, quimicos e

bioldgicos, vém sendo desenvolvidos para a recuperacao, remocao ou degradacao in situ ou ex-situ



Rubio-Ribeaux, D. Isolamento e identifica¢io de leveduras do género Candida em sedimentos... 22

do petréleo derramado e consequentemente, para a diminuigdo de seus efeitos sobre o0 ecossistema
(APARNA et al., 2011). As técnicas convencionais apresentam problemas operacionais em razéo
do seu alto custo, necessidade de pessoal e de equipamentos (RIBEIRO, 2014). Dai que o0s
processos de biorremediacdo tornam-se uma alternativa ndo convencional para o saneamento de
areas contaminadas com petroleo e seus derivados, com um menor custo operacional e minimos
efeitos adversos ao ambiente (BENTO et al., 2008; RIBEIRO, 2014; SILVA et al., 2014a).

A biorremediacdo consiste na decomposicdo bioldgica de hidrocarbonetos por micro-
organismos que utilizam estes poluentes como uma fonte de carbono para obter energia,
degradando-os até dioxido de carbono, 4gua, sais minerais e gases (BANAT et al., 2010).

Quanto maior for a populacdo de micro-organismos degradadores mais rapido e eficiente sera
0 processo de bioremediacdo. Estudos realizados indicam os fungos e as bactérias como principais
micro-organismos eficientes na degradacdo de poluentes, possuindo alto potencial de acdo na
recuperacdo de ambientes contaminados (RAJASEKAR et al., 2012; ROY et al., 2014; SHANKAR
et al., 2014). Assim, a eficiéncia de um micro-organismo degradador depende, em muitos casos, da
estrutura da molécula do contaminante e da presenca de enzimas especificas capazes de degradar o
produto (BALAJI et al., 2014; WACKETT, 2014). Adicionalmente a ocorréncia deste mecanismo é
mais provavel quando a estrutura quimica do xenobidtico é semelhante a estrutura de moléculas
naturais (GAYLARDE et al., 2005).

Porém, dentre as dificuldades associados a biodegradacdo de compostos hidrofébicos, que
incluem os hidrocarbonetos do petroleo, podem-se mencionar sua baixa solubilidade e alta
hidrofobicidade, o que a diminui a disponibilidade para os micro-organismos e pode retardar ou
paralisar o processo (APARNA et al., 2011; COLIN et al., 2014). Considerando esta situa¢do, uma
alternativa tem sido o uso de compostos surfactantes (VAN HAMME et al., 2006; SILVA et al.,
2014a).

Os surfactantes naturais ou biossurfactantes sdo sintetizados por micro-organismos em
presenca de compostos hidrofobicos, promovendo o aumento da solubilidade deles no meio
(BANAT et al.,, 2010; AL-WAHAIBI et al., 2014; SOUZA et al., 2014). Estes compostos
aumentam a interacdo agua/dleo diante a diminuigdo da tensdo superficial, aceleram a degradacéo
de varios hidrocarbonetos por micro-organismos e promovem a biorremediacdo de &guas e solos
contaminados (MULLIGAN, 2005; AYED et al., 2015).

Estudos realizados com micro-organismos produtores de biossurfactantes evidenciaram o
potencial de biorremediacdo de hidrocarbonetos de petroleo em solos e areia (LUNA et al., 2011;
SILVA et al., 2014b; MONTAGNOLLI et al., 2015) (Tabela 2).
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Tabela 2- Biossurfactantes, micro-organismos produtores e aplicagdes na biorremediacgéo de
ecossitemas contaminados com petrdleo.

Tipo de biossurfactante Micro-organismo Aplicacéo

Melhora da degradacéo e
dispersao de diferentes classes de

Ramnolipideos Pseudormonasaeruginosa, . e
hidrocarbonetos; emulsificagéo
Pseudomonas sp. . )
de hidrocarbonetos e 6leos
vegetais
Mycobacterium
tuberculosis Rhodococcus

Trealolipideos Aumento da disponibilidade de

erythropolis Arthrobacter sp, hidrocarbonetos

Nocardiasp, Corynebacteriumsp.

Torulopsishombicola,
Torulopsispetrophium, Recuperacéo de hidrocarbonetos

Torulopsisapicola

Soforolipideos

Mycobacterium
tuberculosis Rhodococcus
erythropolis Arthrobacter sp,
Nocardiasp, Corynebacteriumsp.

Trealolipideos Aumento da disponibilidade de

hidrocarbonetos

Acido corinomicélico Corynebacteriumlepus Recuperacdo de hidrocarbonetos

Surfactina Bacilussubtiis Biodegradagao de
hidrocarbonetos

Liquenisina Bacilluslicheniformis Recuperacdo de hidrocarbonetos

Acinetobactercalcoaceticus RAG-1
Emulsan

. Estabilizacdo de emulsGes
Acinetobacter

Alasan adioressenskK A53 hidrocarboneto-agua

Fonte: MATVYEYEVA et al., 2014

3.6 Utilizagdo de substrates alternativos na producao de biossurfactantes

Apesar da ampla aplicabilidade e as vantagens que apresentam 0s surfactantes de origem
microbiana, a producdo de grandes volumes ainda nédo foi atingida quando comparada com o0s

surfactantes sintéticos. Isto se deve, principalmente, ao alto custo de producdo. Assim, 0 uso de
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substratos alternativos, como os residuos agroindustriais ou de industrias alimenticias, torna-se uma
estratégia devido altos niveis de carboidratos ou lipideos necessarios para a biossintese destas
biomoléculas (BANAT et al., 2000; BANAT et al., 2014).

Os sistemas industriais brasileiros abrangem uma vasta gama de atividades agricolas ou
agropecuérias, pois o pais € considerado um grande fornecedor de alimentos para 0 mundo
(ARAUJO, 2010). Sendo assim, a geracdo de residuos gerados por essas indUstrias além de
potencializarem a producdo de biossurfactantes, contribui com a poluicdo ambiental quando
descartados no meio ambiente (MAKKAR et al., 2011). Considerando que o tratamento destes
compostos se dificulta por eles apresentarem grande complexidade fisica e quimica (CERQUEIRA
e COSTA, 2009; LUNA et al., 2013).

3.6.1 Manipueira

A manipueira € um liquido de cor amarelada obtido no processo de fabricacdo da farinha de
mandioca (BARROS et al., 2008). Este efluente possui uma composicdo quimica variada que esta
associada a variedade da mandioca utilizada, ao periodo da safra, a fertilidade do solo, entre outros
fatores. Por outro lado, esse residuo causa contaminacdo devido ao alto teor de matéria organica,
que eleva a demanda quimica de oxigénio (DQO) podendo chegar a 100 g DQO/L (BARANA,
2000; GUERRA, 2014). Além disso, a presenca da linamarina, um glicosideo cianogénico que €
enzimaticamente hidrolisado a cianeto, o qual possui afinidade com o ferro combina-se com a
hemoglobina para formar a cianohemoglobina o que inibe o transporte de oxigénio no sangue e
consequentemente, a cadeia respiratéria (CARVALHO et al., 2006; BARROS, 2008; ARAUJO,
2010).

Contudo, a sua composicao rica em carboidratos, nitrogénio e diversos sais minerais fornecem
0s nutrientes apropriados para suportar o crescimento de micro-organismos (BEZERRA, 2012;
SALGADO, 2013).

A seguinte tabela (Tabela 3) descreve a composi¢do quimica da manipueira segundo alguns
trabalhos publicados (NITSCHKE e PASTORE, 2006; ROSSMAN, 2008; COSTA et al., 2009).
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Tabela 3- Composic¢do quimica media da manipueira

Nitschke e Rossman Costa et al.
Cormponentes Pastore (2006) (2008) (2009)
Sélidos Totais (g/L) * 45,02 *
Acucares Totais (g/L) 35,3 47,07 56,4
Acucares redutores (g/L) 12,8 0,35 *
Acucares ndo-redutores (g/L) 22,2 47,03 *
Nitrogénio total (g/L) 2,5 0,21 *
Fosforo (mg/L) 2259 643 900
Potéssio (mg/L) 2665,1 49 3600,00
Célcio (mg/L) 272,5 352,00 *
Magnésio (mg/L) 519,0 8,12 500,00
Enxofre (mg/L) 104,0 * *
Ferro (mg/L) 7,8 ND 6,1
Zinco (mg/L) 7,3 * 11,1
Manganés (mg/L) 1,8 0,16 4,1
Cobre (mg/L) 0,6 * 14,1
pH 59 4,56 *

25

* Analises ndo realizada

3.6.2 Oleo pos-fritura

Os 06leos e gorduras podem-se definir como substancias hidrofobicas de origem animal ou
vegetal (LIMA, 2007). Na sua composicdo quimica apresentam triglicerideos formados pela da
condensacéo entre glicerol e acidos graxos. O 6leo difere da gordura por seu estado fisico, pois a
gordura € sélida e o 6leo € liquido, ambos a uma temperatura de até 20°C (DABDOUB et al., 2006).
No caso do 6leo vegetal, a partir do qual se derivam os 6leos de cozinha, pode ser obtido de varias
plantas, ou sementes como o buriti, mamona, soja, canola, girassol, milho, etc. (SALGADO, 2013).

Os 06leos vegetais sdo larga e universalmente consumidos para a preparacdo de alimentos nos
domicilios, estabelecimentos industriais e comerciais de producio de alimentos (MORAS e SILVA,
2009). Esses Oleos, apds serem degradados termicamente, se descartados de maneira imprépria
causam prejuizos ao meio ambiente, como por exemplo: quando em contato com a agua de rios e
lagos, o0 6leo se concentra na superficie, criando uma barreira sobrenadante que dificulta a entrada

de luz e oxigénio na agua, sendo comprometida a base da cadeia alimentar aquatica. Também,



Rubio-Ribeaux, D. Isolamento e identifica¢io de leveduras do género Candida em sedimentos... 26

quando em contato com o solo impede que a agua se infiltre, agravando o problema das enchentes de
higiene, mau cheiro e entupimentos nas redes de esgoto, e ainda uma pequena quantidade de 6leo
polui uma grande quantidade de agua, como por exemplo, um litro de 6leo de cozinha pode poluir
cerca de 10000 litros de &gua (DABDOUB et al., 2006; GHESTI et al., 2012; SALGADO, 2013).

3.6.3 Soro de leite

O soro de leite € o liquido do leite remanescente ap0s a separacdo da coalhada, resultante da
coagulacao das proteinas do leite por enzimas acidas ou proteoliticas. A sua composicdo dependera
da técnica utilizada para remogéo da caseina da parte aquosa do leite. Dois tipos de soro de leite sdo
produzidos nas industrias de laticinios, o doce (pH 6-7) e o acido (pH<5), e sua diferenciacdo ocorre
na técnica utilizada para precipitagdo da caseina (SISO, 1996; PANESAR et al.; 2007; SALES,
2014).

A producdo mundial de queijo gera cerca de 100 milhdes de toneladas de soro de leite por ano.
Assim, este poluente ambiental quando descartado em efluentes, afeta a vida marinha além de
promover o decaimento do oxigénio dissolvido na dgua (KASSA et al.; 2008; RHOLFES et al.,
2011). Apesar de haver diversas possibilidades para tratamento do soro de leite, entre elas a
precipitacao, a coagulacdo e a floculacdo, o custo de seu tratamento tornou-se fator determinante para
indUstrias de laticinios (CARVALHO et al.; 2013; SALES, 2014).

Nesse sentido, varias pesquisas tém aproveitado este residuo como matéria prima na producao
para a producdo de biossurfactantes e outros biocompostos obtidos a partir de micro-organismos
(CLADERA-OLIVEIRA et al., 2004, DEBOWSKI et al., 2014; GABARDO et al., 2014; SALES,
2014).
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Biotechnological production of biosurfactant in economic medium by Candida
sp. and evaluation of biodegradation potential of petro derivates
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Biosurfactants are amphiphilic compounds that tend to accumulate at the interfaces of fluid phases
with different polarities reducing surface and interfacial tensions. They can be synthesized from
both hydrocarbons and renewable and low-cost substrates such as agro-industrial residues. Thus, the
aims of this work was to evaluate the biosurfactant production by Candida sp. Using wastes and its
potential for fuels biodegradation after its acclimatization in diesel. The lower surface tension of the
biosurfactant produced by Candida sp. was 30.8 mN/m in medium containing 3% of whey, 7% of
cassava wastewater and 10% of soybean post frying oil. The emulsification index obtained in this
condition was 79% to diesel, 73% to biodiesel and 67% to engine oil. Candida sp. incubated on
30% of diesel showed excellent value of degradation to diesel (98%) and good to biodiesel (60%).

Keywords: Candida sp.; biosurfactants; agro-industrial wastes; biodegradation.
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1. Introduction

Biosurfactants are molecules of biological origin with a polar head group and a hydrophobic tail. For
that reason, they tend to accumulate at interfaces of different polarities (oil-water or air-water) lower
the surface tension of a liquid [1]. These compounds have many advantages in comparison to their
chemically synthesized equivalents because they are biodegradable, less toxic and non- hazardous.
However, biosurfactants are usually effective at extreme environmental conditions but they are not
competitive from an economic point of view [2,3].

In order to increase their competitiveness in the market, one possible strategy for reducing costs is
the use of low-cost renewable feed-stocks and agro-industrial by-products and wastes as culture
media. Thus, this can contribute to make their production economically viable and, at the same time,
alleviate many industrial waste management problems [4]. In addition, their production is closely
related to the ability of microorganism to grow and degrade hydrocarbons and fuels [5]. In this
work, biosurfactant production by Candida sp. using wastes and its potential for fuels

biodegradation after its acclimatization in diesel were evaluated.

2. Materials and Methods

Candida sp. isolated from mangroves sediments of Rio Formoso, Recife, Pernambuco state (Brazil).

The microorganism was maintained in anamorph state at 5°C on Yeast Mold Agar (YMA) slants
containing (w/v): yeast extract 0.3%, malt extract 0.3%, peptone 0.5%, glucose 1% and agar 2%. The
yeast was grown in Erlenmeyer flasks of 250 mL of capacity, containing liquid medium 100 mL of
Yeast Mold Broth (YMB) and incubated aerobically for one day at 27°C on a rotary shaker (150
rpm). Then, 0.5% of YMB culture contained 107 cells/mL was used to initiate growth in the Bushnell
Haas medium (MgS04 0.2 g/L, K2HPO4 1.0 g/L, KH2P0O4 1.0 g/L, CaCl2 0.02 g/L, FeCI3 0.05 g/L
and NH4NO3 1.0 g/L), supplemented with whey, cassava wastewater and soybean post frying oil.
The biosurfactant production was evaluated using a 23 full factorial design to verify the effects and
interactions of whey concentration, cassava wastewater concentration and soybean post frying oil
concentration on the production of biosurfactant. In this design, a set of 12 experiments, with four
replicates at the central points, was developed. The analysis was performed by the software
STATISTIC version 6.0 of StatSoft ®. The experiments were performed in triplicate at temperature
of 28°C and orbital agitation of 150 rpm during 96 hours. After this period, the mediums were
centrifuged at 5000g for 20 min and filtrated. The surface tension was determined using a
Tensiometer model Sigma 70 (KSV Instruments LTD - Finland) using the Du Nouy ring method at
room temperature [6]. The emulsification index was analyzed according to Cooper and Goldenberg

[7] for the better condition determined by measuring of surface tension.
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After 24 h, the emulsification index (El2s) was calculated by dividing the measured height of the
emulsion layer by the mixture’s total height and multiplying by 100 to expressing in percentage.
The biodegradation tests were carried out using the wild strain of Candida sp. Acclimatized in
medium YMA with diesel 30% (v/v) and was incubated at 28°C for 24 h. The cells were
centrifuged at 5000 x g for 20 min, washed twice with distilled water and transferred to sterile water
to obtain a suspension of 10" cells/mL. After acclimation in diesel oil, test tubes containing 5 mL of
Bushnell-Haas medium were added with 5 pg/mL of the redox indicator 2,6-dichlorophenol-
indophenol (DCPIP), 50 pL of hydrophobic substrates and 1 mL of cell suspension (107 cells/mL).
The biodegradation potential was determined after 30 days by visualization of decolourization of

the medium and determination of degradation percentage by optical density at 610 nm.

3. Results and Discussion

3.1 Production of biosurfactant by Candida sp. in alternative medium

The use of culture medium formulated with cheaper agro-industrial wastes and by-products can
contribute to reduce their production costs and increase their competitiveness [4,8]. Thus, in order to
establish the optimum concentration for biosurfactant production by Candida sp. in this study, the
Bushnell Haas medium with different concentrations of whey, cassava wastewater and soybean post
frying oil was used. Table 1 shows from the numbers one (1) to eight (8) the runs corresponding to
the experimental conditions obtained by the combination of the variables tested and numbers nine (9)
to twelve (12) are the runs corresponding to the experimental conditions of the central point. As it
can be seen from the results obtained, the higher reduction in surface tension of the water was
observed from 70 to 30.8 mN/m in condition 7 of factorial design, in medium constituted by 3% of
whey, 7% of cassava wastewater and 10% of soybean post frying oil. The results obtained were
similar to those described for other biosurfactants produced by yeasts grown in vegetable oils: C.
lipolytica (31 mN/m) [9] and C. glabrata (31 mN/m) [10].

3.2 Effect of variables used on the surface tension

Figure 1 illustrates the Pareto Chart, with 95% confidence level, for effect estimates, in absolute
values. As it can be seen from the chart, only soybean post frying oil was the independent variable
that most influenced in reducing the surface tension. Thus, this result indicates the capacity of this

residue for its use as carbon source in the production of biosurfactants by Candida sp.
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Fig. 1 Pareto Chart of standardized effects for surface tension of the cell-free broth from
Candida sp. after 96 hours of cultivation for the 2° full factorial design. The point at which the
effect estimates were statistically significant (at p = 0.05) is indicated by the broken vertical line.

Table 1- Surface tension values obtained in the 2° full factorial design used for biosurfactant
production by Candida sp. at 28 °C and 150 rpm during 96 hours.

Conditions WWhe Cassava Soybean post fryingoil Surfacetension
y wastewvater (MN/m)
(%0 (%0
1 3.0 5.0 0.0 41.9
2 9.0 5.0 0.0 43.7
3 3.0 7.0 0.0 41.3
4 9.0 7.0 0.0 41.5
5 3.0 5.0 10.0 33.5
6 9.0 5.0 10.0 31.8
7 3.0 7.0 10.0 30.8
8 9.0 7.0 10.0 37.4
9 0 0 0 34.2
10 0 0 0 31.7
11 0 0 0 31.6

12 0 0 0 31.4
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3.3 Biosurfactant emulsification capacity

Biosurfactant production is sometimes detected by measuring emulsification [11]. The emulsifying
index against different hydrophobic substrates of the biosurfactant produced by Candida sp. in the
condition 7 of the 23 full factorial design is presented in Fig. 2. The results showed that the
significant values were 79% to diesel, 73.2% to biodiesel and 67% to engine oil. The property of
biosurfactants to form stable emulsions with hydrocarbon-water mixtures has been demonstrated to
increase hydrocarbon degradation and suggests its potential application in oil spill management and

enhanced oil recovery [12].
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Fig. 2 Emulsification index (E24) of the biosurfactant produced by Candidasp. in medium
consisting in 3% of whey, 7% of cassava wastewater and 10% of soy post frying oil

3.4 Fuels biodegradation assay

Biosurfactants are directly involved in the process of hydrocarbon removal from the environment
through increased bioavailability and subsequent biodegradation of the hydrocarbons by direct cell
contact [13]. For this reason, it is considered that biosurfactant production is closely related to the

ability of microorganism to grow and degrade hydrocarbons and fuels.

In this study, it was tested a biosurfactant-producing yeast Candida sp. to evaluate its potential for

biodegradation of fuels: diesel, engine burned oil, diesel, biodiesel and kerosene after acclimatization
on diesel at 30%. The qualitative determination (visualization) showed that this strain acclimatized in
30% diesel showed a great potential to biodegrade the fuels tested, with colour changes of Bushnell

Haas medium from dark colour to light colour or colourless (Figure 3).
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Fig. 3 Test of fuels biodegradation by Candidasp. acclimatized to 30% diesel, using the redox indicator
2,6-dichlorophenol-indophenol: (A) control, (B) degradation of diesel, (C) degradation of biodiesel,
(D) degradation of engine burned oil and (E) degradation of kerosene.

These results were confirmed by determination of percentage of biodegradation, which are shown in
Figure 4. It was shown that the strain acclimated to 30% diesel showed excellent value of
degradation to diesel (97.50%) and good to biodiesel (59.57%).
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Fig. 4. Potential of fuels biodegradation (%) of Candidasp. acclimatized on 30% diesel after
incubation for 30 days.

After 30 days the results showed that diesel presented the higher value of degradation by this strain.
Chandran and Das [14] obtained similar results (98% biodegradation of diesel) with C. tropicalis
isolated from petroleum-contaminated soil. Thus, in this work it was demonstrated the capacity of
Candida sp. to diesel degradation, which would have great application in bioremediation of

contaminated sites with this hydrocarbon.
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4. Conclusions

In conclusion, this work showed the capacity of Candida sp. to produce biosurfactant using wastes as
substrates, what allows a reduction in costs of the process. At same time, it demonstrated its potential
for diesel biodegradation that suggests its likely biotechnological applications on the bioremediation

of polluted environments.
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CAPITULO 3

ARTIGO 11

Physicochemical and functional characterization of biosurfactant produced by a
new Candida tropicalis isolated from mangrove sediment in Northeast of Brazil

* Manuscrito submetido para publicacdo ao periddico: Colloid and Surface B



Rubio-Ribeaux, D. Isolamento e identifica¢io de leveduras do género Candida em sedimentos... 46

Physicochemical and functional characterization of
biosurfactant produced by a new Candida tropicalis isolated from
mangrove sediment in Northeast of Brazil

Daylin Rubio-Ribeaux!?, Rosileide Fontenele da Silva Andrade?, Dayana Montero-
Rodriguez'?, Rodrigo Assuncdo de Holanda® Maria Aparecida de Resende Stoianoff 3

and Galba Maria de Campos-Takaki 2"

1Center for Biological Sciences, Federal University of Pernambuco, Av. da Engenharia, s/n -

Cidade Universitaria, CEP 50670-420, Recife-Pernambuco, Brazil.

2Nucleus of Research in Environmental Sciences, Catholic University of Pernambuco, Rua do

Principe, n. 526, Boa Vista, CEP 50050-900, Recife-Pernambuco, Brazil

SInstitute for Biological Sciences, Federal University of Minas Gerais, Avenida Presidente

Antbnio Carlos, 6627, CEP 31.270-010, Belo Horizonte, Minas Gerais, Brazil.

*Corresponding author: Nucleus of Research in Environmental Sciences, Catholic University of
Pernambuco. 50050-590 Recife-Pernambuco, Brazil. Phone/Fax: +55-81-21194044; +55-81-
21194043. E-mail address:galba_takaki@yahoo.com.br


mailto:galba_takaki@yahoo.com.br

Rubio-Ribeaux, D. Isolamento e identificacao de leveduras do género Candida em sedimentos...

ABSTRACT

The current work using the agro-industrial wastes to obtain them is one of the
strategies for reduction overall biosurfactant production costs by new Candida tropicalis
strain. The yeast was isolated from mangrove sediments, and was grown for 96 h in
the optimized medium containing whey (3%), cassava wastewater (7%) and soybean
post frying oil (10%), to determine the kinetics of growth and biosurfactant production.
The yeast was reduced significantly the surface tension from 70 to 28.8 mN/m, with a
critical micelle concentration of 1.5%. The vyield of biosurfactant was 4.9 g/L,
respectively. In addition, the biosurfactant was characterized as an anionic polymeric
molecule, composed by proteins (51%), lipids (37%) and carbohydrates (11%), and
confirmed by FTIR analysis. The biosurfactant was formed stable emulsions at different
ranges of temperature, pH and salinity. The purified biosurfactant showed no toxicity
against different vegetable seeds Brassica oleracea, Lactuca sativa L. and Solanum
lycopersicum. The biosurfactant was further investigated to antimicrobial activity
showing effectiveness against Gram positive and Gram negative bacteria, and yeasts.
The results obtained with biosurfactant produced by C. tropicalis in low-cost medium
suggest potential application to pharmaceutical, as well as in petroleum and oil

industry.

Keywords: Candida tropicalis, mangrove sediment, oil dispersion, biosurfactant
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1.INTRODUCTION

The presence of surfactants in the daily activities of man makes life easier. These
compounds possess in their composition both hydrophilic and hydrophobic structural
moieties. This duality gives them the ability to lower the surface tension, critical micelle
concentration, and interfacial tension between liquid—liquid/liquid—solid systems [1,2].
Biosurfactants are the main classes of natural surfactants produced by fungi, yeast and
bacteria. According to their chemical structures, they are grouped into five major classes
of lipopeptides, glycolipids, phospholipids, neutral lipids, and polymeric compounds
[3,4].

Microbial surfactants have numerous advantages when compared to their
chemically synthesized counterparts due to their lower toxicity, higher biodegradability,
better environmental compatibility, ability to be synthesized from renewable resources,
higher foaming, higher selectivity and specific activity at extreme temperature, pH and
salinity [5]. These properties confer them commercial importance evidenced through
the biotechnological applications in pharmaceutical, biomedical, cosmetic, petroleum,
and food industries [6,7].

However, due to the high costs of the production associated with inefficient
methods of recovery of the product and the use of expensive substrates, the
biosurfactant have not yet been employed extensively in industry [8]. Therefore, the
economic problem of their production can considerably be reduced through the use of
alternative sources easily available and of low cost [7,9].

Besides other aspects to consider are the absence of toxicity and the
antimicrobial activity. These properties are fundamentals for the biotechnological
applications of biosurfactants [10]. The present paper was focused on the
characterization of the biosurfactant produced by Candida tropicalis isolated from
mangrove sediment in Northeast of Brazil. The biosurfactant was extracted and
characterized through compositional analyze, ion charge and Fourier transform infrared
spectroscopy (FTIR). The stability of the biosurfactant under different conditions of pH,
temperature and salinity was also studied and it was verified its efficacy in the
phytotoxicity assay and antimicrobial activity.

2. MATERIALS AND METHODS

2.1 Mangrove sediments collection

The samples isolated from of mangrove sediments of Rio Formoso (localized at
08° 39' 50" S 35° 09' 32"), Recife, Pernambuco state, Brazil, were collected on July,
2015. To the collect of samples different parts of the mangrove were previously marked
and the separate area in homogeneous plots. The samples were taken placed in sterile
bags and immediately conducted to the Nucleus of Research in Environmental
Sciences and Biotechnology (NPCIAMB), of the Catholic University of Pernambuco.
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2.2 Yeast Isolation

To isolation of yeast 1g of sediment was added to Erlenmeyer flacks of 250 mL
containing 100mL of Yeast Mold Broth (YMB) with the following composition (w/v):
yeast extract (0.3%), malt extract (0.3%), tryptone (0.5%), d-glucose (1.0%). A 200
mg/L of chloramphenicol was supplemented after sterilization to minimize bacterial

growth. The flasks were incubated at 150rpm and 28°C for 48 h. After this period, serial

dilutions from 1071 to 10™° were prepared and aliquots of 0.1 mL of each dilution were
added to Petri dishes containing Yeast Mold Agar with the following composition (w/v):
yeast extract (0.3%), malt extract (0.3%), tryptone (0.5%), d-glucose (1.0%) and agar
(5%). The plates were then incubated at 30°C for 72 h.

2.3 ldentification of the isolated yeast

The colonial morphology of yeast was identified according with Accorsini et al.,
(2012) by color, borders and size of the colonies, texture, surface appearance and
elevation. The DNA-ITS1-5.8S ITS2 locus was amplified by polymerase chain reaction
(PCR) using the primers ITS 1 (5-TCCGTAGGTGAACCTGCGG-3) and ITS 4 (5-
TCCTCCGCTTATTGATATGC-3 ). The amplicons were resuspended in 10 L of water
injection, quantified in spectrophotometer NanoDrop 1000 (Thermo Scientific) and
stored at -20°C. Purified amplicons were sequenced by capillary electrophoresis
(Sanger method) in ABI3130 platform (Life Technologies) by the company Myleus
(Belo Horizonte/ MG, Brazil). The chromatograms generated underwent the Phred-
Phrap software to read quality check of the base during the sequencing step. The
consensus sequences were submitted for analysis of similarity to sequences deposited
in GenBank (NCBI) using the BLASTn online tool. Percentages above 95% similarity
between the sequences of interest is deposited into the database from a
microorganism were considered identical [11].

2.4 Culture conditions

Cell grown of yeast strain on a slant were transferred to 50 mL of Yeast Mold
Broth (YMB). The culture was incubated in orbital shaker at 150 rpm and 28°C for 24 h.
Erlenmeyers flask containing medium with the following composition: MgSO4 0.2 g/L,
K2HPO4 1.0 g/L, KH2PO4 1.0 g/L, CaCl2 0.02 g/L, FeCI3 0.05 g/L and NH4NO3
1.0 g/L,
supplemented with whey (3%), cassava wastewater (7%) and soybean post frying oil

(10%), adjusting the pH to 5.3. After this period 0.5% of YMB culture contained 104
cells/mL was used to initiate the growth. The culture was incubated at 28°C in orbital
shaker at 150 rpm during 96 h in triplicate and at regular intervals every 24 h samples
was taken to determinate surface tension and biomass.

2.5 Biomass determination

For biomass determination, 5 mL samples were mixed in pre weighed tubes
with chilled distilled water and centrifuged at 5000 rpm for 20 min. After two washing
cycles the cell pellet was dried in an oven at 90°C for 24 h. All the assays were carried
out in triplicate and did not vary more than 5%.
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2.6 Determination of surface tension

The determination of surface tension was carried out in the cell-free broth
obtained by centrifugation of the cultures at 5,000 x g for 20 min at room temperature,
using a Sigma 700 digital surface tensiometer (KSV Instruments LTD, Finland) and
working on the principle of the Du Nuoy ring method [12].

2.7 Stability assay

In order to demonstrate biosurfactant stability under different conditions,
superficial tension of its partially purified solution (1 g/L) was examined. Samples were
heated at 0, 5, 28, 70, and 100°C and cooled to room temperature, after which the
surface tension was measured. In the case of pH, this was adjusted to various pH
values (2-12) by adding HCI or NaOH to solution at room temperature and the surface
was measured. The effect of NaCl concentrations (2%-12%) was also determinate.
The tests were performed in triplicate.

2.8 Extraction, Isolaton of biosurfactant and Critical Micelle Concentration (CMC)

The biosurfactant was isolated by the precipitation method using the cell-free
metabolic liquid with acetone 1:1 (v/v) [13]. The precipitate was allowed to stand for 24
h at 4°C, and after this period was centrifuged at 4000 rpm for 15 min, at 5°C. The
supernatant was discarded and the isolated biosurfactant was submitted to dialysis
against deionized water, which was changed every 3h, for 96 h at 5°C. The
biosurfactant was collected and freeze-dried.

The concentration at which micelles began to form was defined Critical Micelle
Concentration (CMC). From known amounts of crude precipitate resuspended in
distilled water were determinate the critical micelle concentration (CMC). The
measurements were realized using a DuNouy Tensiometer model Sigma 70 (KSV
Instruments LTD, Finland) at room temperature. The CMC was reached by measuring
the surface tension until observing a constant value of the surface tension. All
experiments were performed in triplicate [14].

2.9 Compositional analysis and lonic charge

The protein content in the isolated biosurfactant was determined using the total
protein test kit from Labtest Diagnédstica S.A., Brazil. The phenol-sulphuric acid method
allowed determinate the total carbohydrate content [15]. In the case of the lipid content
0.5 g of the isolated material was extracted with chloroform: methanol in different
proportions (1:1 and 1:2, v/v). The organic extracts were then evaporated under
vacuum and the lipid content determined by gravimetric estimation [16]. The
identification of functional groups in the isolated biosurfactant was determined using a
Fourier Transformation Infra-Red (FTIR) spectrophotometer (Bruker IFS 66) with KBr in
pestle. The FTIR spectrum was obtained at a frequency range of 4000 - 400 cm™.

The ionic charge of the biosurfactant was determined by using a Zeta
potentiometer model ZM3-D-G, Zeta Meter System 3.0+, with direct images to the
video of the Zeta Meter, San Francisco, CA, USA. The top row was filled with a pure
compound of a known ionic charge. The substance is known as anionic sodium
dodecyl sulfate (SDS) at a concentration of (0.02 M) cationic substance and barium
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chloride (0.05 M). The Petri dish was kept at room temperature for 48 h. The result was
calculated when the precipitation lines appear [17].

2.10 Qil displacement area

The oil spreading test was carried to evaluate preliminarily the presence of
biosurfactant. The test was carried with 1mL of burnt engine oil onto the surface of 40
mL of distilled water layer contained in a Petri dish (9mm in diameter). Then, was
added 1mL of the crude biosurfactant onto the surface of the oil layer. The positive
control for oil displacement was the anionic synthetic surfactant Sodium Dodecyl
Sulfate (SDS) and negative control was the water. The average value of the diameters
of the clear zones of triplicate experiments calculated according with Morikawa et al.
[18].

2.11 Phytotoxicity assay

The phytotoxicity of the biosurfactant was evaluated based on seed germination
and root elongation of cabbage (Brassica oleracea), lettuce (Lactuca sativa L.) and
tomato (Solanum lycopersicum). Solutions of the isolated biosurfactant were prepared
with distilled water at concentrations of 0.2, 0.4 and 0.6 g/L. After five days of
incubation in the dark, seed germination, root elongation (=5 mm) and the germination
index (a factor of relative seed germination and relative root elongation) were
determined as follows:

Relative seed germination (%) = (number of seeds germinated in the
extract/number of seeds germinated in the control) x 100

Relative root length (%) = (mean root length in the extract/mean root length in
the control) x 100

Germination index = [(% of seed germination) x (% of root growth)}]/100%.

Controls were prepared with distiled water to replace the biosurfactant
solutions. Mean and standard deviation values of triplicate samples were calculated for
each concentration [19].

2.12 Antimicrobial assay

The isolated biosurfactant was evaluated by the agar disc diffusion method [20].
Sterile discs (0.6 cm) soaked with the biosurfactant solution in methanol was assayed
on the surface of and nutrient agar and malt extract medium for bacteria and yeast,
respectively inoculated with the tested microorganism. After incubation period for 24 h
at 37+ 2°C and for 48 h at 25 * 2°C for bacteria and yeast, respectively, the diameter of
inhibition zones was measured [21]. Negative controls were prepared using the same
solvents as employed to obtain the extract. As positive controls, ofloxacin (5 g, Oxoid)
was used for Gram-positive bacteria, cefaperazone—sulbactam (10 pg, Oxoid) for
Gram-negative bacteria and amphotericin B (30 pg, Sigma) for Candida albicans. All
the experiments were conducted in triplicates.
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3. Results and discussion

3.1 Morphological and molecular identification of the yeast producer of biosurfactant
isolated of mangrove sediment

Morphological observations of strain yeast hamed Candida sp. showed cream,
smooth, glossy colonies whereas microscopical analysis revealed cells with small and
medium sized with budding and no filaments characteristic [22, 23] (Figure 1). The
sequences of ITS region were compared with the nucleotide data base using the NCBI-
blast tool. Candida sp. showed highest genetic agreement with Candida tropicalis with
a similarity of 99%.

<PLEASE INSERT FIGURE 1>
3.2 Kinetics of growth and biosurfactant production

The use of agro-industrial residues for the production of biosurfactant by
members of the genus Candida have been previously described for several
researchers [24,25]. The ability of these microorganisms to grow and produce
biosurfactants in wastes-based medium, has been used to reduce the high costs of
production of surface active compounds of biotechnological interest.

In this study, C. tropicalis was cultivated in medium containing the agro-
industrial substrates whey, cassava wastewater and soybean post frying oil during 96 h
at 28°C. As shown in Figure 2, the growth of microorganism started rapidly after
inoculation and remained increasing to 96 h of cultivation, when biomass reached 7.7
g/L. The surface tension dropped rapidly from around 70 mN/m to 32.9 mN/m in the
first 24 h and continued decreasing to 28.5 mN/m at 48 h of growth, indicating excellent
surface-active properties. Biosurfactant production started in the early stages of the
exponential growth phase, simultaneously to the surface tension reduction, and
increased significantly until the end of cultivation, when was attained the maximum
biomass yield. This biosurfactant showed a growth-associate production, similar to the
ones produced for C. sphaerica cultivated in distilled water supplemented with ground-
nut oil refinery residue and corn steep liquor as substrates [26] and for C. lipolytica
cultivated in soybean oil refinery residue and glutamic acid [14].

<PLEASE INSERT FIGURE 2>

Although the biosurfactants produced by bacteria are more effective in reducing
the surface tension, with values up to 25-26 mN/m, several yeasts biosurfactants
described in the last few decades have shown similar values to those obtained by
bacteria [14, 27, 28]. One example is the biosurfactant produced by C. tropicalis in this
study, which reduced the surface tension of medium to 28.5 mN/m after 48 h of
cultivation. This value is lower than that of another biosurfactants produced by C.
tropicalis: 35 mN/m [29] and 35.44 mN/m [30].

3.3 Biosurfactant yield

The yield of the crude biosurfactant produced by C. tropicalis was 4.9 g/L after
96 h of cultivation in medium containing 3% whey, 7% cassava wastewater and 10%
soybean post frying oil. This result was better than the reported for C. tropicalis
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cultivated in waste frying oil with 3.61 g/L [31]. However, other Candida members
showed highest biosurfactant yields, for example: C.lipolytica (8.0 g/L) cultivated during
72 h in optimized medium containing soybean oil refinery residue and glutamic acid
[12] and C. sphaerica (9.0 g/L) cultured during 144 h in medium composed by ground-
nut oil refinery residue and corn steep liquor [32]. Also, C. utilis achieved 12.52 g/L
after 88 h of cultivation in waste canola frying oil and ammonium nitrate [33]. These
results demonstrate that the medium composition and culture conditions influence on
yields of biosurfactants produced by Candida strains [12]. Also it was confirmed the
suitability of whey, cassava wastewater and soybean post frying oil as alternative
substrates for biosurfactant production [17,28, 34].

3.4 Critical micelle concentration (CMC)

The critical micelle concentration (CMC) is defined as the minimal concentration
of a biosurfactant required to yield maximal surface tension reduction of water and
initiate micelle formation [35]. The biosurfactant produced by C. tropicalis showed a
great surface tension reduction capacity since the water surface tension was reduced
from 70 to 28.5 mN/m with the increase of the biosurfactant concentration up to CMC
of 1.5%, and then remained constant (Figure 3). These results demonstrate that the
biosurfactant produced by C. tropicalis has a greater capacity to reduce surface tension
in comparison to biosurfactants from C. glabrata (31 mN/m) [36], and C. lipolytica (32
mN/m) [34] (33 mN/m) [37]. Furthermore, the biosurfactant produced in the present
study also has lower CMC than that reported for other yeast surfactants, considering
rates of 2.5% for biosurfactant from C. lipolytica [38] and C. glabrata [36].

<PLEASE INSERT FIGURE 3>
3.5 Characterization of biosurfactant

Microbial surfactants are heterogeneous in nature, complex and have
structurally different group of surface active agents. They are classified according to
their molecular structure into glycolipids, lipopeptides, phospholipids, fatty acids,
lipopolysaccharides, protein complexes, neutral lipids and polymers [33,39].

In this study, the determination of the biochemical composition of the
biosurfactant revealed the presence of 51% proteins, 37% lipids and 11%
carbohydrates, suggesting its lipopeptide nature. Recently, Verma et al. [40] confirmed
the lipopeptide composition of biosurfactant produced by C. tropicalis MTCC 230. C.
lipolytica UCP 0998 has been also reported as producer of lipopeptide biosurfactant,
composed of 50% protein, 20% lipids and 8% carbohydrate [41]. However, surfactants
produced by this genus can differ widely from one species to another [12].

Furthermore, the biosurfactant showed an anionic profile by Zeta meter with
-57.4 ZPmv, 3, 4. uS/cm at 25.3 °C. The zeta potential determines the function of the
surface charge of the patrticle that serves to predict and control the stability of colloidal
suspensions and emulsions. Thus, the higher values obtained indicate good stability by
repulsion between hydrophilic particles, as per the literature [41]. Other biosurfactants
produced by Candida species also show an anionic character [27, 28].
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Moreover, the identification of the biosurfactant produced by C. tropicalis was
done using the FTIR analysis. The compound was identified as biosurfactant by
observing the presence of carbonyl moiety of the ester linked type.

<PLEASE INSERT TABLE 1>

The data are consistent with Gartshore and Cooper [42], due to the presence, in
most biosurfactants, a carbonyl radical, or carboxylic acid ester linkage which absorbs
energy in the infrared region of the electromagnetic spectrum. According to the results
showed in Table 3, stretching bonds of the functional groups indicated the presence of
a polymeric structure. All these data verified the compositional analysis described
above and it is in accordance with the FTIR data obtained for the biosurfactant
produced by C. tropicalis MTCC 230 [40].

3.6 Biosurfactant stability

Environmental factors such as pH, salinity and temperature affect biosurfactants
activity and stability. Therefore, it is important to study the influence of these
parameters when considering specific applications for these compounds [43].

Figure 4 shows the effects of temperature, pH and NaCl variation on the surface
tension of the biosurfactant produced by C. tropicalis, respectively. As is showed, the
surface tension of the biosurfactant remained stable over a wide range of temperature,
pH and NaCl concentrations. These results suggest the feasibility of application in
industries that works under extreme conditions of salinity, temperature and pH, as it
was informed for other biosurfactants from Candida species [26, 44].

<PLEASE INSERT FIGURE 4>
3.7 Oil spreading test

Another way to detect the biosurfactant activity is the ability to provoke a clearing
zone on an oil surface [45, 46]. Generally, the area of displacement by a surfactant-
containing solution is directly proportional to the concentration of the biosurfactants
tested and its diameter increased linearly with the surfactant quantity [47]. However, in
this study was not determined concentration biosurfactant compared to the spread oil
activity, but a qualitative assay for check the presence of surfactant in the cell-free
broth was conducted. Figure 5 illustrates the dispersant activities of Triton X-100 and
crude biosurfactant produced by Candida tropicalis. The synthetic surfactant showed a
dispersion rate of 97%, whereas the cell-free metabolic liquid (crude biosurfactant)
achieved a dispersion rate of 82%, showing its potential in the dispersion of oil. Others
result of oil displacement test show the effectiveness of yeast grown in renewable
substrates.

<PLEASE INSERT FIGURE 5>

Luna et al., [32] obtained a dispersion rate of 90% of the initial diameter of the oil
with Candida sphaerica when used the cell-free broth (crude biosurfactant), whereas
the dispersion rate obtained with the isolated biosurfactant was 50%. C. guilliermondii
NRRL Y-2075 cultivated in soy processing waste as substrate gave 100% oll
displacement, while Triton X-100 gave 80% oil displacement [48]. C. sphaerica UCP
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0995 grown in medium containing 2.5% corn steep liquor and 5.0% vegetal oil refinery
waste demonstrated an oil spreading efficiency of approximately 75%. It is important to
say that the application of dispersants to oil slicks is one of the oil spill remediation
techniques. Surfactants, solvents and additives comprise the formulation of dispersants
using for this purpose. The impact of oil spills on marine birds and mammals decrease
with the application of dispersants due to it removes the oil from the water surface [40].

3.8 Biosurfactant phytotoxicity

The absence of toxicity of a biosurfactant is of fundamental importance for its
application in the environment. Eco-toxicity bioassays are analytical methods that allow
characterizing the toxicity of chemical substances. The exposure of living organisms
employed as bio-indicators to these substances constitutes a valuable environmental
analysis tool [47]. The use of plants in toxicity tests offers several advantages, among
them low maintenance cost and rapid results, with a special benefit assessment of the
potential eco-toxic compounds in terrestrial environments [48]. The germination index
(GI), which combines measures of relative seed germination and relative root
elongation, has been used to evaluate the toxicity of the biosurfactant on vegetables
Brassica oleracea, Lactuca sativa L., Solanum gilo and Cichorium intybus [10,26,49]. In
this study, the biosurfactant isolated from C. tropicalis did not show phytotoxic effect
against seeds of B. oleracea, L. sativa L. and S. lycopersicum (Tables 2-4), since a Gl
of 80% is considered as an indicator of the absence of phytotoxicity [19]. Similar results
were observed by Luna et al. [41] and Rufino et al. [13] who investigated the phytotoxic
potential of the biosurfactant produced by C. sphaerica UCP 0995 and C. lipolytica
UCP 0988, respectively. It was also possible to conclude that the increase in
biosurfactant concentration led to the leaf growth and elongation of the secondary roots
in all tested plants, confirming the positive effect of biosurfactants in seedling
development, as reported by Krawczynska et al. [50] Alsohim et al. [51] and Silva et al.
[52].

<PLEASE INSERT TABLE 2>
3.9 Antimicrobial activity of biosurfactant

One useful property of many biosurfactants that has been reviewed recently is
their antimicrobial activity (antibacterial, antifungal and antiviral) [7,53,54]. In the
present study, the polymer produced by C. tropicalis exhibited interesting antimicrobial
activities. Table 5 showed that all the tested microorganisms showed susceptibility to
the biosurfactant, albeit to different degrees. Lactobacillus sp., Serratia marcescens
UCP 1549 and Candida albicans were the most sensitive strains to biosurfactant at
three concentrations tested, while Bacillus licheniformis UCP 1013 was the less
inhibited. Biosurfactants produced by C. sphaerica and C. lipolytica have also
demonstrated antimicrobial activity against different species of fungi and bacteria,
suggesting the use of these biomolecules as alternative antimicrobial agents in the
medical field [24].

<PLEASE INSERT TABLE 3>
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4.Conclusions

In the present study with the new yeast isolated from mangrove sediments was
identified as Candida tropicalis showed biosurfactant production using industrial as
substrates. The production of biosurfactant had been found promising due to its costs by
use of the wastes whey, soybean post frying oil and corn steep liquor. The biosurfactant
produced had shown an effective antimicrobial activity and low toxicity, as well as stable
emulsification and oil displacement to crude oil. The biosurfactant was characterized as
polymeric which is different which chemical composition suggesting a new biosurfactant
can be used in bioremediation process for hydrophobic pollutants.
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Table 1. FTIR spectrum of extracted biosurfactant produced from C. tropicalis using whey,
cassava wastewater and soybean post frying oil.

Peak Functional group Compound
3,514-cm-1 -N-H peptide
1756 cm-1 -C=0 ester
1448 cm-1 -CH=CH2 and -CH3 fatty acid

1200-1000 cm-1 -C-C and -C-0O-P polysaccharides
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Table 2. Phytotoxicity of biosurfactant isolated from C. tropicalis cultured in mineral medium
with 3% whey, 7% cassava wastewater and 10% soybean post frying oil against Brassica
oleracea. Experiments were performed in duplicate and the results represent means + standard
deviations of the two independent experiments.

Phytotoxicity against Biosurfactant concentration (%)
Brassica oleracea 1 15 2

Seed germination (%) 100+0.2 100+0.1 100+0.2
Root elongation (%) 100+0.4 121+0.2 135+0.1

Germination index (%) 100+0.1 121+0.4 135+0.2

Table 3. Phytotoxicity of biosurfactant isolated from C. tropicalis cultured in mineral medium
with 3% whey, 7% cassava wastewater and 10% soybean post frying oil against Lactuca sativa
L. Experiments were performed in duplicate and the results represent means + standard
deviations of the two independent experiments.

Phytotoxicity against Biosurfactant concentration (%)
Lactuca sativa L. 1 15 2
Seed germination (%) 100+0.1 100+0.4 100+0.2

Root elongation (%) 100+0.2 102+0.2 118+0.4
Germination index (%) 100z0.1 102+0.2 118+0.1

Table 4. Phytotoxicity of biosurfactant isolated from C. tropicalis cultured in mineral medium
with 3% whey, 7% cassava wastewater and 10% soybean post frying oil against Solanum
lycopersicum. Experiments were performed in duplicate and the results represent means +
standard deviations of the two independent experiments.

Phytotoxicity against Biosurfactant concentration (%)
Solanum lycopersicum 1 1.5 2
Seed germination (%) 100+0.3 100+0.1 100+0.2

Root elongation (%) 132+0.2 145+0.1 157+0.3

Germination index (%) 132+0.3 145+0.3 157+0.4
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Table 5 - Antimicrobial activity of the biosurfactant produced by Candida tropicalis.

Biosurfactant concentration (%)/Inhibition diameter (mm)
Microorganism

1 15 2
Pseudomonas sp. 13.0£0.3 18.0+0.2 24.0+0.4
Salmonella typhimurium UCP 6017 16.0+£0.4 23.01£0.3 25.310.1
Serratia marcescens UCP 1549 18.0+0.2 27.0+0.2 35.0+0.1
Escherichia coli 15.5+£0.5 24.0+0.2 28.0+£0.3
Lactobacillus sp. 19.0+0.4 29.010.1 39.0+0.1
Staphylococcus aureus 10.0+0.3 19.3+£0.3 24.0£0.1
Staphylococcus epidermidis 12.510.1 18.0+£0.4 23.0£0.3
Bacillus licheniformis UCP 1013 11.0+£0.2 15.0+£0.3 18.0+0.1
Candida albicans 17.5+0.1 25.0+0.3 33.0+0.2

Candida lipolytica 14.31£0.2 18.0+0.3 23.74£0.2
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Figure 1. Colonies of yeast strain Candida sp. on Yeast Mold Agar medium (A) and
observation at optic microscopy (40X) (B).
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Figure 2. Growth, surface tension and yield of biosurfactant isolated from C. tropicalis cultured
in mineral medium with 3% whey, 7% cassava wastewater and 10% soybean post frying oil.
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Figure 3. Surface tension versus concentration of the biosurfactant isolated from C.
tropicalis cultured in mineral medium with 3% whey, 7% cassava wastewater and 10% soybean
post frying oil.



Rubio-Ribeaux, D. Isolamento e identifica¢io de leveduras do género Candida em sedimentos... 68

an,o-f _ . - ,an,o-TTTTTT
~ 250 - > 250 -
= £
£ 20,0 - = 20,0 -
c .g
QO 150 - e 150 -
4] 1]
S ©
2 10,0 g 100 1
Q
& 50 E 50 -
5 0,0
3 0,0 T T T 1 fl T T T T T
4 75 100 120 2 4 6 8 10 12
A Temperature (°C) B PH
30,0 - e
£ . | B
- 250 -
2
E 200 -
5
2 150 -
c
2 100 -
S
© 5,0 -
=
»a 0,0 1 ; —. .

) 4 5 8 10
C Nacl concentration (%)

Figure 4. Stability of surface tension of biosurfactant produced by Candida tropicalis using
whey, cassava wastewater and soybean post frying oil. Influence of temperature (A), pH (B) and
sodium chloride concentrations (C) on surface tension stability.
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Figure 5.0il displacement activity of crude biosurfactant produced by C.tropicalis. Motor
oil droplet without application of surfactant (A), after dispersion with synthetic surfactant (B)
and after dispersion with crude biosurfactant produced by C.tropicalis (C).
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4CONCLUSOES GERAIS

- A partir de sedimentos de mangue do Rio Formoso foi isolada e identificada a levedura Candida
tropicalis deacordo com a identificagdo molecular.

- C. tropicalis mostrou potencial para biodegradar petroderivados (diesel e biodiesel) sugerindo sua
aplicacdo biotecnoldgica na biorremediagdo de ambientes contaminados.

- C. tropicalis demonstrou habilidade para utilizar residuos agro-industriais (soro de leite,
manipueira e 6leo de soja pos-fritura) como substratos para a producéo de biossurfactante.

O biossurfactente produzido por C. tropicalis demonstrou habilidade para reduzir a tensao
superficial a 28,8 mN/m em meio mineral suplementado com 3% de soro de leite, 7% de
manipueira e 10% de 6leo pos-fritura.

- O biossurfactente produzido foi identificado como polimérico, com uma composicdo de 51%
proteinas, 37% lipideos e 11% carboidratos, com uma concentracdo micelar critica de 1,5%.

- O biossurfactante produzido demonstrou estabilidade na reducdo da tensdo superficial frente a
diferentes valores de pH, temperatura e NaCl. Além, mostrou excelentes propriedades
antimicrobianas indicando sua potencial aplicacdo no setor industrial.

- O biossurfactante produzido ndo mostrou toxicidade frente a sementes de Brassica oleracea,
Lactuca sativa L. € Solanum lycopersicum.
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5. ANEXOS

Dear Daylin Rubio Ribeaux,
We are pleased to inform that your paper entitled:

"Biotechnological production of biosurfactant in economic medium by
Candida sp. and evaluation of biodegradation potential of petro derivates"

related to a work presented during the last VI International Conference on
Environmental, Industrial and Applied Microbiology - BioMicroWorld2015
(Barcelona, Spain, 28-30 October 2015), has been accepted for publication in the
Proceedings Book, which will be entitled: “Microbes in the spotlight: recent
progress in the understanding of beneficial and harmful microorganisms”.

The book will be published and internationally distributed by BrownWalker Press,
and it is expected to be released in spring 2016.

Meanwhile, the Publisher requests you to transfer the copyright of your paper. Please
read and fill in the copyright form attached to this email. For jointly authored material,
all joint contributors should sign, or one of the contributors should sign as authorized
agent for the others.

Once filled in, please send back the form to the email
conference@biomicroworld2015.0rg or the fax number: +34 924 263053 no later than
12 February 2016.

As soon as the book is released, you will be informed about all the necessary details
for full citation of your paper.
Thank you very much for your contribution to the book.

Best regards,

Aurora

Solano

BioMicroWorld2015

Conference Phone: +34 924

2586 15

Fax: +34 924 26 30 53

e-mail:
conference@biomicroworld2015.0rg
http://www.biomicroworld2015.0rg
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