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RESUMO

Os objetivos deste trabalho foram selecionar e tifitar fungos
filamentosos produtores de pigmentos isolados deroas brasileiras, avaliar o
crescimento e producdo de pigmentos pelos funglesi@eados em quatro
meios de cultivo diferentes, caracterizar os ppaisi metabdlitos coloridos em
seus extratos e secar o0s extratos coloridos,utiliza trés diferentes
adjuvantes,por meio da técnicagfgay dryer Entre os fungos avaliados, doze
foram selecionados e identificados cofAspergillus sydowiiGMA3) (1), A.
aureolatus(E.2.5) (2),A. keweii (CF292) (2),Penicillium flavigenum(E.2.4)
(3), P. chermesinun{102) (1), Epicoccum nigrum(185A) (1), Lecanicillium
aphanocladiilONI5) (1) eFusariumsp. (FPW) (1).A producéo de pigmentos foi
influenciada pela composicdo do meio, sendo quaaies complexos parecem
favorecer um maior crescimento e producdo de pitpsepor estes micro-
organismos. Neste trabalho, foi possivel identifit@scompostos coloridos:
oosporeina, orevactaeno e dihidrotricodimerol, exisatos del. aphanocladii
(ONI5),E. nigrum(185A) eP. flavigenum(E.2.4), respectivamente. Além disso,
foi observado que os extratos de aphanocladii (ONI5) e P. flavigenum
(E.2.4)apresentaram efeito fitotdxico e inibidor aescimento contra a planta
aquaticaLemna minorEntre os fungos estudados, osfiltrados coloridos$rés
espéciesH. nigrum(185A), P. flavigenum(E.2.4) eA. keveii(CF292)) foram
secos pela técnica dgray dryerA adicdo dos trés adjuvantes (maltodextrina,
amido modificado e goma arébica) resultou em pdssficom baixo teor de
umidade e atividade de agua. Além disso, todos digvantes estudados
garantiram uma alta retencdo de cor e recuperagagraduto, durante o
processo de secagem.Assim, os resultados dest¢htvabhdicam que os fungos
filamentosos isolados de cavernas brasileiraspoctamtituir novas fontes de
pigmentos naturais e que seus extratos podem ces pela técnica dspray
dryera fim de facilitar oarmazenamento e comercialiaaigsses corantes.

Palavras-chave: Pigmentos.Fungos filamentosos. roas/e
brasileiras.Metabolitos secundariqw.®y dryer.



ABSTRACT

The objectives of this study were to select andntifie pigment-
producing fungi isolated from Brazilian caves, exsé the growth and pigment
production by selected fungi in four different medicharacterize the main
colored metabolites in their extracts and dry tlored extractsusing three
different adjuvants through spray drying technigdeiong the tested fungi,
twelve were selected and identified Aspergillus sydowii(GMA3) (1) A.
aureolatus (E.2.5) (2),A. keweii(CF292) (2),Penicillium flavigenumE.2.4)
(3) P. chermesinun{102) (1), Epicoccum nigrum(185A) (1), Lecanicillium
aphanocladii(ONI5) (1) andFusariumsp. (FPW) (1). The pigment production
by these fungi was influenced by medium compositibhe complex media
seemed to favor a higher growth and productioniginpnts. In this study, we
identify three colored compounds: oosporeina, a@®@&ene and
dihydrotrichodimerol in extracts df. aphanocladii(ONI5),E. nigrum (185A)
and P. flavigenum(E.2.4), respectively. Furthermore, it was obsertkat
theextract df. aphanocladii (ONI5)and P. flavigenum (E.2.4)showed
phytotoxicand growthinhibitory effects against atiugplant Lemna minor
Among the fungi studied, colored extracts of trspeciesk. nigrum(185A),P.
flavigenum(E.2.4) andA. keveii(CF292)) were dried by spray drying technique.
The addition of three adjuvants (maltodextrin, nfiedi starch and gum arabic)
resulted in fine powders with low moisture contemtd water activity.
Moreover, all studied adjuvants ensured high caletention and product
recovery during the drying process.Therefore, thlesults indicate that
filamentous fungi isolated from Brazilian caves d@new sources of natural
pigments and their extracts can be dried by sprgingl technique to facilitate
the storage and marketing of these dyes.

Keywords: Pigments. Filamentous fungi.Brazilian e=m®$econdary
metabolites.Spray dryer.
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PRIMEIRA PARTE

1 INTRODUCAO

Os pigmentos sdo substancias quimicas, de origaimahau sintética,
que conferem cor a outros materiais sobre o qudixaen e devido a essa
propriedade sédo usados nas indlstrias téxteispstaéticos, papéis, alimentos
entre outras. A utlizagdo de pigmentos sintéticagresenta algumas
desvantagens, uma vez que podem causar efeitosog6¥i salde ou ao
ambiente, por possuirem potencial mutagénico eintEy@nico e causarem
alergias. Sendo assim, o interesse pela utilizagdpigmentos naturais vem
aumentando, principalmente devido a preocupacacaasumidores com uma
alimentacdo saudavel e balanceada e a preocupagé@ questdo ambiental
(JOSHI et al., 2003).

Entre as fontes de pigmentos naturais, 0s micranisgios Sao
considerados potenciais produtores, pois seus pigseapresentam maior
estabilidade a diferentes pHs e temperaturas, mamdo previsivel e
controlavel, além de poder ser produzidos contiraren(DUFOSSE, 2006).

Os fungos filamentosos, particularmente ascomicet@de conhecidos
por sintetizar e secretar diversas classes de pipmecomo metabdlitos
secundarios. Além do potencial desses compost@s@aso como corantes de
alimentos, tecidos, cosméticos, os pigmentos fiasgtambém s&o conhecidos
por possuirem atividades bioldgicas importantes)acatividade antibacteriana,
antifingica, fitotdxica, antitumoral, antioxidangentre outras, o que amplia a
possibilidade de utilizagcdo desses compostos enmeras aplicacdes
(GEWEELY, 2011; QUERESHI; PANDEY; SINGH, 2010; THERA et al.,
2012). Além disso, esses micro-organismos sdo piaienpara producdo de

pigmentos, uma vez que possuem crescimento refaivie rdpido e podem
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produzir altos rendimentos de pigmentos, usandodi¢cdes de cultivo
otimizadas (MAPARI et al., 2005).

A utilizacdo dos pigmentos produzidos por fungdanfentosos em
processos industriais requer a caracterizacdo cairai bioldgica de seus
extratos. Para esse fim, empregam-se ferramentas c@matografia liquida de
alta eficiéncia (HPLC) associada a espectromegiandssa (MS), ressonancia
magnética nuclear (RMN) entre outras, os quais ladop ao conhecimento
prévio da taxonomia do micro-organismo podem pérraitidentificacdo dos
pigmentos, bem como de eventuais metabdlitos téxiegudando assim na
selecdo dos fungos para as diversas aplicacOestiiait (MAPARI et al.,
20009).

Apesar do potencial de uso dos pigmentos fungiop®aorantes, uma
das maiores desvantagens é a menor estabilidats desndo comparados aos
pigmentos sintéticos. Assim, estudos de secageranp@judar a aumentar a
estabilidade desses corantes durante o armazemamdatilitar o transporte,
processamento e comercializacdo desses produt@3N@Bal., 2009). Uma das
tecnologias que vem sendo utilizada para secagenctodantes naturais
(provenientes principalmente de plantas) é a micragsulacéo papray dryer
Essa tecnologia é capaz de produzir pé fino e élaangmte utilizada na
fabricacdo de alimentos, produtos farmacéuticasnéticos e de corantes, uma
vez que diminui a atividade e o teor de agua dgmsehitos, evitando assim o
risco de degradacdo quimica ou biolégica (KANDANSHM
SOMASUNDARAM, 2012).

Nesse contexto, 0s objetivos neste estudo foragciealr e identificar
fungos filamentosos produtores de pigmentos, avaliroducdo de pigmentos
pelos fungos selecionados em diferentes meios,tifidan os principais

metabdlitos coloridos em seus extratos e investigampossiblidade da
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microencapsulag¢édo dos pigmentos produzidos porfurégos filamentosos por

meio da técnica depray drying
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2 REFERENCIAL TEORICO

2.1 Pigmentos

O termo pigmento se refere as substancias quimisgasonferem cor a
outros materiais sobre o qual se fixam. Essas mialgdambém podem ser
definidas como substancias que quando estdo enmmalgriculo liquido
conferem cor a uma superficie (MENDEZ-ZAVALA et, 81007).

A cor emitida pelos pigmentos pode ser entendwm@o a parte da
radiacdo eletromagnética possivelmente detectddafie humano, ou seja, na
faixa de comprimento de ondg entre 380 e 780 nm, também conhecida como
faixa espectral visivel (SKOOG et al., 2005). Egsapriedade esta associada a
absor¢cdo ou reflexdo da luz em comprimentos de somderminados. O
pigmento absorve certa parte do espectro e a coplementar € refletida. Por
exemplo, se 0s raios absorvidos por um pigmentenfovioletas ou azuis, ou
seja, se 0 pigmento apresentar maxima absorc@opximo a 400 nm, a cor
transmitida serda amarela (WILSON; WALKER, 1985). Nabela 1 sédo
demonstradas as cores transmitidas, correspondergepmprimentos de ondas
individuais do espectro visivel.

A porcdo do espectro que é absorvida pela maédol pigmento
depende do numero de ligacOes insaturadas (duptqsgadas) e da liberdade
de seus elétrons. A medida que o comprimento densisde duplas ligaces
conjugadas aumenta o comprimento de onda de matis@arcdo da molécula
também aumenta. Além disso, essas moléculas pogesseatar croméforos
gue sdo grupos de atomos (como oxigénio ou nitiogéque promovem o
movimento de elétrons ou maior oscilacdo do sistéfma pigmentos naturais,
esses sistemas conjugados (duplas ligacbes) s&@ovatbtes com frequéncia,

como por exemplo, nos carotenoides (MARGALITH, 1992
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Tabela 1 Cores da regido visivel do espectro

Comprimento de onda ) ) Cor complementar
Radiagéo absorvida N
(nm) (transmitida)
400- 46~ Violeta verde amarelac
465- 482 Azul Amarelc
482— 487 azul esverdear Laranje
487 - 49¢ verde azulac Vermelhc
498- 55¢ Verde Purpur:
559-57¢ verde amarelac Violeta
576-587 Amarelc Azul
587-617 Laranjc azulesverdeac
617-78C Vermelhc verde azulac

Fonte: Skoog et al. (2005)

Devido a capacidade de conferir cor a outros mageos pigmentos sdo
de grande importancia para diversas indlstrias adenalimentos, cosméticos,
farmacéutica e téxtil e por essa razdo vem senddupidos, isolados e
caracterizados (MENDEZ et al., 2011).

Na industria de alimentos, a cor é a principalligade organoléptica
que atrai os consumidores, uma vez que traz umspgeiva saudavel ao
alimento. Porém, a cor dos alimentos pode ser geerdu alterada durante o
processamento e estocagem dos mesmos, devido ilskEte ao calor,
oxigénio, luz e acidez. Assim, torna-se indispeekae fabricante a adicdo de
pigmentos aos alimentos para melhorar 0 aspect@lvis consequentemente
aumentar a aceitabilidade do consumidor (JOSHI.e2@03). Na indUstria de
tecidos, a funcdo dos pigmentos € tornar visuakneatis atraentes os artefatos
como roupas, bolsas, carteiras, chapéus entrespiitnmando a aparéncia dos
produtos tingidos mais agradaveis aos olhos douroid®r, além de aumentar a
variabilidade das pecas (VELMURUGAN et al., 2010b).
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Os pigmentos podem ser de origem sintética ouradatA partir do
século XX, a utilizagdo dos pigmentos sintéticanegou a ser questionada uma
vez que esses compostos podem ser toxicos, tercpaitearcinogénico, além de
provocarem reacdes alérgicas (MAPARI et al., 20Qkitra preocupacao com a
utilizacdo desses pigmentos deve-se a sua libemag&ariminada no ambiente
por industrias téxteis e de tintas, interferindopemetracdo da luz solar nas
aguas desses efluentes, retardando a fotossiimésado o crescimento da
biota aquatica e interferindo na solubilidade deeganos corpos de &agua
(CHANDER; ARORA, 2007). Devido aos efeitos negasivdos pigmentos
sintéticos, cresce a necessidade de substituilos pigmentos naturais que séo
menos prejudiciais a saude, podendo exibir melfmegradabilidade e maior
compatibilidade com o meio ambiente (NAGIA; EL-MOMKDY, 2007).

Os pigmentos naturais podem ser extraidos deaglaromo cerejas,
uvas, beterrabas, de animais como as fémeas desin@®ccus cacji e de
micro-organismos, como as espécies dos gén&bsdotorula, Bacillus,
Achromobacter, Yarrowia, Phaffia, Penicillium, Mauas entre outros. A
indUstria alimenticia foi a pioneira na retomadautiizacdo dos pigmentos
naturais e, atualmente, é sua principal consumipi@RARI et al., 2005). No
processamento de alimentos, os pigmentos natuséésn de conferir ou
intensificar a cor dos alimentos, podem ser aptisagdomo aditivos e
antioxidantes (MENDEZ et al., 2011). Na Tabela 2i@sdestacados os
principais pigmentos naturais aplicados na proddggalimentos.
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Tabela 2 Pigmentos de alimentos naturais autorizadmas fontes

Faixa de

Pigmentos Fontes ~ Cédigo EU Comentarios
coloragao
Cerejas,
casca de Rosal/vermelh A cor é dependente do pH,
Antocianinas uvas a roxofazul, E163 sensivel ao calor, e sujeit
vermelhas, dependendo ] I
oxidagao
repolho- do pH
roxo
Betanlpa Beterraba Rosa a E162 Sensivel ao calor, luz
(Betalaina) vermelha  vermelho
Carboidrato .
. Comumente utilizado como
Caramelo de alimento  Marrom E 150
corante
(Sacarose)
Carbo Plantas, A partir de material de
S carvao Preto E153 plantas queimadas (banido
medicinalis
vegetal nos EUA)
Carotendides
[-caroteno Oleo de Amarel_o a E160a . .
o palma laranja Possuem atividade de pro-
lem_a_ou Sementes Laranja E160b vitamina A , 0 que torl?am
norbixina urucum os carotenoides favoraveis
Capsantlrja/ Paprica Laranja E160c do ponto de vista estetico e
capsorubina avermelhado nutricional. Exibem boa
. Vermelho estabilidade ao pH na
Licopeno Tomate alaranjado E160d maioria dos alimentos, s&o
. . amarelo moderadamente soluveis
Luteina Xantofila dourado E161b 6leo, facilmente oxidaveis
Salméao, Rosa possuem faixa de coloracédo
Cantaxantina camardo e : El61g limitada
. alaranjado
flamingos
. Vegetais . o a
Clorofila verdes Verde E140 Sujeito a fotooxidagao
Clorofilina . N&o é usualmente nomeado
Vegetais
(complexo Verde azulado E141 como corante natural em
- verdes . .
clprico) rétulos de alimentos
Curcuma
: Deve ser tratado para
. (rizomade Amarelo- AR
Curcumina . E100 diminuir o odor e gosto
plantasda laranja .
P apimentado
India)
Produzida Sensivel a luz e gosto
Riboflavina por process Amarelo E101 amarao 9
bacteriano 9

Fonte: Mapari et al.(2005)
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A industria téxtil e de papel também tem apres#mtgrande interesse
na coloracdo com pigmentos naturais, devido a dpdéi obtida com esses
pigmentos, bem como a compatibilidade ambiental satessubstancias
(FRINHANI; OLIVEIRA, 2006; GUPTA et al., 2013).0 teresse das industrias
téxteis nos pigmentos naturais também se deve taodfa alguns pigmentos
sintéticos apresentarem risco a salde humana, @uandcontato prolongado
com o0 corpo, pois podem conter substéncias comngiate carcinogénico
(SHARMA et al., 2012).

Apesar da necessidade em se utilizar pigmentosaigto custo de sua
producdo ainda é elevado, o que limita sua utfi@aaffente aos pigmentos
sintéticos. Além disso, 0 sucesso de qualquer pigmedepende da
aceitabilidade no mercado, aprovacao regulatdéa) do tamanho do capital de
investimento requerido para trazer o produto parmescado (DUFOSSE,
2009).Assim, torna-se importante a procura por sideates e processos para

melhorar a producdo dos pigmentos naturais e fuibsts pigmentos sintéticos.

2.2 Pigmentos microbianos

Grande parte dos pigmentos naturais utilizadogntsstrias é extraida
de plantas, e em alguns casos de anin@i&dus cac)i Porém, a utilizacao
desses pigmentos apresenta algumas desvantagamns, sensibilidade a
oxidacdo e as mudancas de pH, como as antociamisassibilidade a luz, ao
calor e oxigénio, como as betaninas. Essas caiitittas limitam a utilizacao
desses pigmentos durante o processamento, estocageransporte dos
alimentos, nos quais eles sdo adicionados. Alémmodia extracdo desses
pigmentos depende da disponibilidade de matériagyrificando sujeita a

condicBes climaticas e sazonalidade (MAPARI e28105).
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Uma alternativa para producgdo de pigmentos riatéra utilizacdo dos
micro-organismos, uma vez que estes sempre fordimadbs para producéo de
diversos metabdlitos ou moléculas de interessestridl como antibidticos,
enzimas, vitaminas, entre outros. Na naturezaghast leveduras, microalgas e
fungos filamentosos pigmentados sdo muito comutdMSSE, 2009). Entre
as moléculas produzidas por micro-organismos podesitar os carotenoides,
melaninas, flavinas (riboflavinas), quinonas (amutiaonas e naftoquinonas),
monascinas, violaceinas e ficocianinas (DUFOSSH ,2014).

Os pigmentos microbianos sédo de grande inteiiadsstrial, uma vez
gue sdo mais estaveis e sollveis que os pigmentogidos de plantas ou
animais. Além disso, os micro-organismos podenceresais rapidamente que
outros organismos, produzir continuamente os pigoseindependente da
sazonalidade, em processos fermentativos relativiensmples e a producéo
pode ser otimizada visando ao aumento do rendinfffENDEZ et al., 2011).

Ha alguns anos, a aplicabilidade dos pigmentosrofmianos no
mercado, principalmente em alimentos e cosmétigwestionada, devido aos
longos e caros estudos em relacéo a toxidade dageaesntos requeridos pelas
agéncias reguladoras. Outros obstaculos para $icac@® incluem o custo de
processamento (cultivo ou producéo biotecnologeca)prépria aceitacdo pelos
consumidores. Atualmente, esses obstaculos véno seordornados e alguns
pigmentos microbianos ja estdo disponiveis no nderd®UFOSSE et al.,
2014).

Entre os micro-organismos, espécies de bactéelexjuras, microalgas
e fungos filamentosos estdo sendo estudadas patugdio de pigmentos
(Tabela 3). Existem alguns critérios para que umranjanismo possa ser
considerado bom produtor de pigmentos como: 1) aidpde de utilizar
diversas fontes de C e N; 2) apresentar bom remdanmake pigmentos; 3) ndo ser

patogénico e ndo produzir toxinas nas condi¢bepraducao, principalmente



para aqueles aplicados em alimentos; 4) os pigmeéwem ser facilmente

separados da massa celular (JOSHI et al., 2003).

Tabela 3 Producdo de pigmentos por micro-organismos
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Molécula Cor Microrganismo Situacao*
Ankaflavine Amarelc Monascusspp. Pl
Antraquinon:i Vermelhc Penicillium oxaliurr Pl
Astaxantini Vermelho/ros Xanthophyllomyce ED
Astaxantin: Vermelho/ros Agrobacteriurr PF
Astaxantini Vermelho/ros Paracoccus PF
Cantaxantin Vermelho escut  Bradyrhizobiunssp. PF
Licopeno Vermelho Blakeslea trispora ED
Licopenc Vermelhc Fusarium PF
Melaning Pretc Saccharomyce PF
Monascorubramir Vermelhc Monascusspp. Pl
Nafitoquinoni Vermelho sangt Cordyceps PF
Riboflavine Amarelc Ashbya gossyy Pl
Rubrolont Vermelhc Streptomyce ED
Rubropunctatin Laranje Monascusspp. Pl
Torularodini Laranje-vermelhe Rhodotorulaspp. ED
Zeaxantin. Amarelc Flavobacteriunspp. ED
Zeaxantin. Amarelc Paracoccus PF
[B-caroten: Amarelc-laranje Blakeslea trispor: Pl
B-caroten: Amarelc-laranje Fusarium PF
B-caroten: Amarelc-laranje  Mucor circinelloides ED
[B-caroten: Amarelc-laranje Neurospora crass PF
B-caroten: Amarelc-laranje Phycomyce PF
Desconhecid Vermelhc Penicillium ED
Desconhecid Vermelhc Paecilomyce: PF

*Pl — producéo industrial; ED — estagio de deseriveénto; PP — projeto de pesquisa.

Fonte: Dufossé (2006)
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Entre as bactérias produtoras de pigmentos pasleiter espécies do
género Flavobacterium que produzem zeaxantina e luteina e a espécie
Streptomyces chrestomyceticssbsp. rubescensque produz licopeno, um
intermediario na biossintese de carotenoides @iofl incluindo op-caroteno
(DUFOSSE, 2009; JOSHI et al., 2003).

Entre as leveduras, as espécies do gériepdotorula comoR. glutinis,

R. gracilis, R. rubra e R. gaminiapresentam capacidade de sintetizar
carotenoides, principalmente toruleno (DUFOSSE,9200Qutro exemplo é a
producdo de astaxantina pela leveduxanthophyllomyces dendrorhous
(anteriormente chamada eknaffia rhodozymh principalmente durante a fase
exponencial do seu crescimento (JOSHI et al., 2008yoducéo de astaxantina
€ de grande interesse, ja que este pigmento apagz@priedades antioxidantes
e alto poder tintorial, sendo mais estavel queosutarotenoides (DUFOSSE et
al., 2005).

As microalgas sdo conhecidas por produzirem uamdg namero de
pigmentos como clorofila a, b efzcaroteno, entre outros. A espébDienaliella
salina produz cerca de 400 mg decaroteno/rh de &rea cultivada. Esse
pigmento apresenta diversas aplicacdes em indgisigialimentos, cosméticos e
farmacos, pois atua como precursor da vitamina-8omo antioxidante. A
producao industrial dg-caroteno através dessa microalga € realizada &espa
como India, Australia, EUA, China e Israel. Outsemplo de uma microalga
produtora de pigmentos é a espétiaematococcus pluvialigqueproduz
astaxantina, utilizada como aditivo nutricionatdsés de capsulas) e aditivo na
alimentaco de peixes,em empresas do Japdo, Ewdia (DUFOSSE et al.,
2005).
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2.3 Fungos filamentosos produtores de pigmentos

Entre os micro-organismos, o0s fungos filamentodésn sido
considerados promissoras fontes de pigmentos deriémzia comercial, pois
seus pigmentos exibem uma ampla faixa de coloragéaitos séo sollveis em
agua (MAPARI et al.,, 2005). Os pigmentos fungicé® groduzidos como
metabdlitos secundarios, com funcdo conhecida oa, 8 podem ser
classificados quimicamente como carotenoides ecqtddieos. Entre os
policetideos pode-se citar as antraquinonas, nafitonas,
hidroxiantraquinonas e azafilonas, cada um exibimta ampla gama de tons
(DUFOSSE et al., 2014;MAPARI; THRANE; MEYER, 2010).

A utilizacdo de fungos para producdo de pigmenéas € uma pratica
recente. Os pigmentos produzidos pelos fungos dwergéMonascus sao
utilizados em alimentos ha centenas de anos nessda Asia (MAPARI et al.,
2005). O génertonascus constituido por trés principais espécMs ilosus,
M. purpureuse M. rubel) que pertencem a famillslonascaceae a divisao
AscomycotgdDUFOSSE et al.,2005). Em 1884, o primeiro fungesgegénero
foi isolado de batata e este foi entdo nomeadd.deiber. Esse ascomiceto foi
assim nomeado, pois apresenta apenas um Unicqpakesporado. Em 1895,
outra linhagem foi isolada, na Indonésia, a pddiarroz vermelho fermentado.
Este fungo foi nomeado dé. purpureus Mais tarde outras espécies do género
Monascusforam isoladas ao redor do mundo (DUFOSSE, 2089)espécies
desse género produzem metabdlitos secundarios wetues policetidica,
algumas delas com pigmentacdo amarela (ankaflaaimaonascina), laranja
(rubropunctatina e monascorubrina) e vermelha @plbnctamina e
monascorubramina) (MUKHERJE; SINGH, 2011). Entre piymentos
produzidos poMonascusos vermelhos séo geralmente de maior interesse, po
sdo possiveis substitutos de pigmentos sintético® @ eritrosina, sdo estaveis
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na faixa de pH 2-10, termoestaveis, podendo seoclantdos (JOHNS;
STUART, 1991).

O cultivo deMonascusem meio sélido é realizado em paises da Asia
para producdo de um corante vermelho nomeado de-Kak” ou “koji
vermelho” que tem sido utilizado como um corantealilmentos. Atualmente,
hd mais de 50 patentes no Japdo, Estados Unidasgcare Alemanha,
envolvendo a utilizacdo do pigmendonascusem alimentos, como carnes
processadas (presunto e salsicha), ketchup, enit®so Entretanto, uma
desvantagem dos processos fermentativos para @groddp pigmento
Monascusé a coproduc¢éo de citrinina, uma micotoxina quespi propriedades
nefrotoxicas e hepatotoxicas quando ingeridas pomas e pelo homem.
Assim, a comercializagdo desse pigmento ainda éigeo nos paises do
Ocidente (DUFOSSE, 2006).

Além das espécies do géndwtbnascus outros fungos filamentosos
possuem capacidade de producdo de pigmentos. Aesanfiscolor Biotech na
Republica Checa utiliza um isolado Benicillium oxalicumpara producdo de
um pigmento denominado depink Red(um tipo de antraquinona). A sintese
desse pigmento de cor vermelha é realizada emvasitibomerso com sacarose e
melaco de cana como fonte de carbono, extrato viEdlea como fonte de
nitrogénio, sais minerais como sulfato de zincoagmésio, pH igual a 5,6-6,2 e
temperatura de 27 a Z@ O corante é liberado no segundo dia de cultivo e
apresenta um rendimento de 1,5-2,0"gdepois de 3 a 4 dias de incubac&o.
Para a extracdo desse corante, o sobrenadante lteo ofi filtrado e
centrifugado. O corante é precipitado com a redud@@H para 2,5-3,0. O
precipitado é dissolvido em alcool etilico e fittea Apés remocédo do &lcool, o
corante na forma de p6 pode ser utilizado em cane®dutos de carne (em
quantidades até 100 mg/kg), bebidas ndo alcod(ems quantidades até 100

mg/kg), bebidas alcodlicas (em quantidades atén2@ikg), produtos lacteos
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(em quantidades até 150 mg/kg), sorvetes (em alzags até 150 mg/kg),
produtos de confeitaria (em quantidades até 30RghgDUFOSSE, 2006).

O fungo filamentos®lakeslea trispordambém é utilizado na producédo
de pigmentos comd-caroteno e licopeno. A producdo industrial desses
carotenoides a partir do processo fermentativofizagla por empresas em
paises Europeus, como Russia, Ucrania e Ingla(@®&HI et al., 2003). O
fungo Ashbya gossypiiproduz riboflavina (vitamina B, um corante que
apresenta uma variedade de aplicacdes em alimeotwsp sobremesas,
bebidas, sorvetes, produtos a base de cereai® entros. Porém, essas
aplicacdes sdo limitadas devido ao seu odor e sabturalmente amargo
(DUFOSSE, 2009).

Além dos exemplos citados acima, ha estudos agmasespécies de
fungos filamentosos produtores de pigmentos céranicillium sclerotiorum,
Aspergillus calidoustus, P. citinum(CELESTINO et al.,, 2014);P.
chrysogenum, Fusarium graminearum, P. vascol(iid@PES et al., 2013)P.
purpurogenum(MENDEZ et al., 2011)jsaria farinosa, Emericella nidulans,
Fusarium verticillioides Penicillium purpurogenum(VELMURUGAN et al.,
2010a,2010b); Epicoccum nigrum (MAPARI; MEYER, 2008); Fusarium
oxysporum(NAGIA; EL-MOHAMEDY, 2007); entre outros.

Alguns pigmentos fangicos, assim como outros bidites secundarios,
apresentam atividades biolégicas importantes camibegteriana, antifingica,
antitumoral, fitotoxica(GEWEELY, 2011; TEIXEIRA ail., 2012). Geweely
(2011) relatou atividade antibiética dos pigmenties Aspergillus nidulans,
Fusarium moniliforme, Phoma herbarune Penicillium purpurogenum
destacando esta Ultima espécie como a que apresemwiior efeito contra as
espécies microbianas testad@arfdida albicans, Epidermophyton floccosum,
Microsporum  canis, Escherichia coli, Pseudomanas rogenosa,

Staphylococcus aureus, Bacillus subtilis e Aspeigilumigatus Perumal et al.
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(2009) relataram que o extrato pigmentado Stderotinia sp. apresentou
atividade antibacteriana contr®seudomanas fluorescens, Staphylococcus
aureus, Bacillus cereus, Bacillus megaterium, Basilcirculans. Assim, é
importante ressaltar que nem todos 0s pigmentagdos serdo utilizados como
corantes.Dependendo de sua atividade biologices ggidem ser explorados

para outras aplicacdes.

2.4 Influéncia das condic¢des de cultivo na producate pigmentos

Trabalhos relatam que a producéo de pigmento&ipgos filamentosos
¢ influenciada por fatores ambientais como fonteatbono, nitrogénio, luz, pH
e temperatura (CHO et al., 2002; MENDEZ et al.,220ELMURUGAN et al.,
2010a).

As condi¢cbes de cultivo otimizadas para producio pigmentos
vermelhos pelo fungd?aecilomyces sinclairiiforam: inéculo de trés dias,
temperatura de 26, pH igual a 6,0, amido soltvel (1,5% p/v) comatéode
carbono e peptona da carne (1,5% p/v) como fontaitlegénio. Apds a
otimizacéo, o rendimento de pigmento vermelho fienvezes maior (CHO et
al., 2002).

Geweely (2011) avaliou influéncia de alguns fesona producdo de
pigmentos deA. nidulans, F. moliniforme, P. purpurogenum e Phom
herbarum O isoladoP. purpurogenurioi 0 que apresentou maior producao de
pigmentos na auséncia de luz, temperatura d€,30H igual a 9,0, amido
solavel como fonte de carbono e peptona como fimtgitrogénio.

Velmurungan et al. (2010a) avaliaram o efeit@dséncia e presenca de
luz de diferentes cores na producado de pigmentoM.deurpureus, Isaria
farinosa, Emericella nidulans, Fusarium verticillies e Penicillium
purpurogenum. A incubacdo no escuro, seguida pela incubacédo lsnb



28

vermelha, azul e branca proporcionou boa produgibiamassa e pigmentos
extra e intracelulares pelos fungos avaliados.

A sintese de esclerotiorina pBenicillium sclerotiourum2 AV2 foi
influenciada pela fonte de nitrogénio e carbon@ @wducao foi em média trés
vezes maior no meio preparado com ramnose quandpazado com 0 meio
com sacarose. Além disso, as melhores fontes deg@itio para a producéo
desse pigmento foram extrato de levedura e pepiitregenada, sendo que o
rendimento foi seis vezes maior quando comparaapanitrato de sddio (fonte
de nitrogénio usual do meio Czapeck) (CELESTIN@Iet2014).

Como foi demonstrado pelos exemplos citados gcanproducéo de
pigmentos, assim como outros metabolitos securgja&ialtamente influenciada
pelas mudangas no meio e/ou condi¢Bes de cultbsimaa selecdo de meios de
cultivo ou de seus componentes € uma etapa imperjgera a aplicacéo
industrial dos pigmentos produzidos por fungosnféatosos. O apropriado
conhecimento da fisiologia da fermentacédo e do Inoditano dos fungos podera
permitir uma producdo eficiente desses compostos reaiores escalas
(MAPARI et al., 2005).

2.5 Identificac@o de compostos coloridos por métod@spectrométricos

Para identificacdo dos componentes presentes nostasx obtidos a
partir dos processos fermentativos de fungos fildos®s, varios métodos
analiticos tém sido empregados como, por exempbopmatografia liquida de
alta eficiéncia (HPLC), ultravioleta (UV), infravaelho (IR), ressonancia
magnética nuclear (RMN) e espectrometria de magday (LOPES et al.,
2013;MUCKHERJEE; SINGH, 2011; VELMURUGAN et al., Alx). Dentre as
técnicas citadas, destaca-se a MS, uma vez queeapaealta sensibilidade e

rapidez na andlise. A utilizacdo da MS na iderfio de novos pigmentos
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provenientes de micro-organismos vem sendo muitlizagta como uma
ferramenta inteligente na sele¢cdo de espécies gsomis para a producdo
desses compostos (MAPARI et al., 2005).

Todas as metodologias citadas sdo empregadasesrtapticacdo de
moléculas, que consiste em identificar e diferenc@mpostos ou classe de
compostos ativos, que ja tenham sido descritogieratura contendo atividade
idéntica ou similar aguela observada no extratontiresse. A desreplicacdo
envolve a caracterizacdo rapida dos compostoséatrde bibliotecas e bancos
de dados (NIESSEN, 2003).

Velmurugan et al. (2010c), por meio das técnid@adMsS, IR e RMN,
concluiram que a estrutura do principal pigmentmpzido porsaria farinosa
é fortemente relacionada com estrutura de umaduritrana.

O isolamento e caracterizacdo estrutural de umento ja descrito
como sclerotiorina a partir d& sclerotiorum2AV2 foram realizados através de
analises por RMN (CELESTINO et al., 2014).

Lopes et al.(2013) identificaram, por meio daeespmetria de massa
(TOF-MS e TOF-MS/MS), pigmentos e micotoxinas j&atios na literatura,
nos extratos de quatro linhagens de fungos filansest (2 isolados de.
chrysogenuml deFusarium graminearune 1 deMonascus purpureQs

Mukherjee e Singh (2011) extrairam e purificaxamnovo pigmento de
Monascus purpureusproduzido em fermentacdo submersa, utilizando
cromatografia em camada delgada (CCD), cromategeafi coluna e HPLC.
Além disso, caracterizaram o pigmento por meio dévid, infravermelho,
cromatografia gasosa acoplada a espectrometriadsas e analises de RMN.

Sendo assim, o0 emprego da espectrometria de sna@smsercao direta
do extrato bruto, obtido pelo método de fermentagéoplado ao conhecimento
prévio da taxonomia do micro-organismo e ao empdegoutros métodos como

RMN, UV e IR, possibilitam a caracterizacdo quimidas componentes
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coloridos, além de permitir a identificacdo de ewais metabdlitos téxicos,
ajudando na sele¢do desses micro-organismos pamivassas aplicacdes
industriais (MAPARI et al., 2005).

2.6 Aplicacéo dos pigmentos microbianos

Como mencionado, os pigmentos naturais sdo altemsaimportantes
para substituir os corantes sintéticos, que podemrejudiciais ao homem, nos
mais diversos segmentos industriais como indUsttea alimentos, de
tecidos,cosméticos, de papel entre outras.A induatimenticia foi a pioneira
na utilizacdo dos pigmentos naturais e como citamima, ja utiliza pigmentos
extraidos de fungos filamentosos, como por exempk, pigmentos de
Monascusspp., Penicillium oxalicum,Blakeslea trispora Ashbya gossypii
(DUFOSSE, 2006).

No tingimento de tecidos, de papel e producdartigos em couro, o
interesse na utilizacdo de corantes naturais veneatando, uma vez que estes
possuem melhor biodegradabilidade e compatibilidzade o meio ambiente em
relacdo aos corantes sintéticos (FRIHANI; OLIVERE®06; SHARMA et al.,
2012; VELMURUNGAN et al., 2010b).

Trabalhos com a aplicac@o de corantes naturai®@dos, extraidos de
micro-organismos ja foram realizados (NAGIA; EL-MAMEDY, 2007;
PERUMAL et al.,, 2009; SHARMA et al.,, 2012;VELMURUN®I et al.,
2010b). A otimizacdo do processo de tingimento m@sdras de couros com
corantes extraidos de cinco fungos filamento&ésnascus purpureus, Isaria
spp., Emericella spp., Fusarium spp., e Penicillispp) foi realizada por
Velmurugan et al. (2010b). Neste trabalho, as gdiedi otimizadas referentes a
penetracdo e fixagdo dos corantes e intensidaderderam: temperatura de 70

°C, pH 5,0, tempo de 120 min e concentracdo damtes de 6% em relacdo ao
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peso do couro. A absorcdo maxima dos corantes masti@s variou de 40 a
70% e os pigmentos flngicos nao alteraram as giagilies organolépticas das
amostras de couro.

Nagia e EL-Mohamedy (2007), avaliaram compostsaxtraguinona
isolados a partir do cultivo liquido deisarium oxysporumo tingimento de Ia.
As amostras tingidas apresentaram boa estabildiader e captacdo do corante
nas seguintes condi¢des: pH igual a 3, temperdu°C e tempo de 60 min.

Sharma et al. (2012) otimizaram as condi¢fesutteva de trés fungos
(Trichoderma virens, Alternaria alterna& Curvularia lunatd para producéo de
pigmentos para tingimento de amostras de 148 e 8sdzondi¢cdes para produgéo de
pigmentos foram encontradas em cultivo liquido,neeio BD (Batata-dextrose) a
28 °C por 25 dias em condicdes estaticas. As amostrdd € seda tingidas com
esses corantes apresentaram bons niveis de r@aistégvagem e a friccao.

Como pdde ser observado, os pigmentos fungicdsmaer utilizados
para as mais diversas aplicacdes, desde a colordgdalimentos até o
tingimento de tecidos. Assim, estudos que proponhawas aplicagdes com
esses pigmentos sdo necessarios, principalmens@dasa substituicdo dos
pigmentos sintéticos, que tantos danos causanda salambiente.

2.7 Microencapsulacao de pigmentos naturais p8pray drying

Muitos pigmentos naturais tais como antocianinagopEenos,
carotenoides, sdo susceptiveis a perda da cortduwgmrocesso de estocagem,
pois sdo instaveis a condicbes ambientais como duz,umidade e altas
temperaturas (KANDANSAMY; SOMASUNDARAM, 2012). Ass| para
aumentar a estabilidade dos corantes naturais, enoltgia de
microencapsula¢do vem sendo bastante estudada ERIURDAGEL, 2007;
PARIZE et al., 2008; QUECK; CHOK; SWEDLUND, 2007).
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A microencapsulacdo € definida como um processo qual
microparticulas ou goticulas sdo envolvidas pomuaerial de revestimento ou
adjuvante, normalmente um polimero e este age conacbarreira fisica entre o
ndcleo e os outros materiais presentes no pro®&RIZE et al., 2008). Assim,
essa técnica é utilizada para aumentar o tempaadelgira dos produtos, uma
vez que protege o material de condicbes ambientaidesejaveis
(KANDANSAMY; SOMASUNDARAM, 2012).

Entre os varios métodos de microencapsulacao,téamca conhecida
por ser vidvel e de baixo custo é a secagem ponizd@do ou secagem por
nebulizacdo pray drying. Esse € um processo de desidratacdo que envolve a
atomizacdo de um liquido, que contém solidos enucfo, emulsdo ou
suspensdo, em pequenas goticulas dentro de umaacdenaecagem por onde
passa um fluxo de ar quente. Essas goticulas s@as geelo ar quente,
transformando-se em pequenas particulas sélidab/EDRA; PETROVICK,
2010).

A microencapsulacdo porspray drying utiliza polissacarideos
(maltodextrinas, amido, gomas), proteinas e ligjd@mmo material de
revestimento. O produto a ser encapsulado é mikiue® adjuvante e essa
mistura é entdo levada apray drye(KANDANSAMY; SOMASUNDARAM,
2012).

A secagem por nebulizacdo tem sido utilizadandgstria alimenticia
para garantir a estabilidade microbiana dos prajuima vez que diminui o teor
de umidade e atividade de agua dos mesmos, eviandeo de degradacao
guimica e biologica (KANDANSAMY; SOMASUNDARAM, 2012

O processo dspray dryingtem sido utilizado para a encapsulacéo de
Vvarios corantes naturais, como o urucum extraideedaentes dBixa orellana
0 qual foi incorporado em quitosana gpray dryer resultando em um p6 seco,

colorido e soltuvel em agua (PARIZE et al., 2008).
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O pigmento antocianina extraido de cenoupaugcuscarotal.) foi
microencapsulado papray dryerutilizando uma variedade de maltodextrinas
como material de revestimento, sendo que o Gluc@fty foi o melhor
adjuvante para a incorporacao desse pigmento (ERBURSDAGEL, 2006).

A secagem porspray dryer do suco de melancia utilizando
maltodextrina (Dridex 9) e temperatura de entragld$6°C, resultou em poés
com melhores resultados colorimétricos, conteldaird@lade e atividade de
agua razoavelmente baixos, além de assegurar lootsidos dos pigmentos
licopeno e-caroteno (QUECK; CHOK; SWEDLUND, 2007).

O corante de alimentos vermelho-pUpura extraglomlintia strictafoi
seco pela técnica dspray drying,utilizando xarope de glicose (DE 29) como
adjuvante. Ap6s a otimizacdo dos parametros degestafoi obtido um
rendimento de 58% e mais de 98% da cor foi martidante o processo de
secagem (OBON et al., 2009).

Como pbde ser observado, a microencapsulacaordates obtidos de
fontes naturais, principalmente extraidos de panjéaconstitui uma realidade.
Assim, essa metodologia pode ser expandida paeageam de corantes obtidos

de outras fontes, como por exemplo, de micro-osyans.
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SEGUNDA PARTE — ARTIGOS

ARTIGO 1

FILAMENTOUS FUNGI FROM BRAZILIAN CAVES: SPECIES
IDENTIFICATION AND SCREENING OF PRODUCED PIGMENTS

ABSTRACT

The interest in the production of pigments by fiarous fungi is
increasing due to their use as food colorants, etisror textiles and also due to
the biological activities of these compounds. lis ttontext, the objectives of
this study wereto selectpigment-producing fungeniify these fungi using the
sequencing of internal transcribed spacer (ITS}|uate the growth and pigment
production by selected strains on four differentdiag characterize the main
colored metabolites in their extracts and evaltlaephytotoxic activity of these
extracts againdtemna minorAmong the evaluated fungi, twelve were able to
grow and produce pigments on Potato Dextrose AgBA] medium and were
selected and identified @spergillus sydowi{GMA3) (1), A. aureolatugE.2.5)
(2), A. keweii(CF292) (2),Penicillium flavigenumE.2.4) (3),P. chermesinum
(102) (1),Epicoccum nigrung185A) (1),Lecanicillium aphanocladi{ONI5) (1)
and Fusarium sp. (FPW) (1). The pigment production by thesegfuwas
influenced by medium composition. Complex mediadum this study, seemed
to favor a higher growth and production of pigmdrgsause it provided a wider
variety of nutrients. The colored compounds oospore@revactaene and
dihydrotrichodimerolwere identified in extracts bf aphanocladii(ONI5),E.
nigrum (185A) andP. flavigenurfE.2.4),respectively. The extracts df.
aphanocladii(ONI5S)and P. flavigenum(E.2.4) showed phytotoxic and growth-
inhibitory effectsagainst the aquatic pldetmna minor The results indicate that
the fungi isolated from Brazilian caves can consitnew sources of pigments
with important biological activities and industrigbplication.

Keywords: pigments, filamentous fungi, chemical charactgitmn, secondary
metabolites.
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INTRODUCTION

Filamentous fungi are known to produce a wide yara secondary
metabolites which play an important role in divécsition and adaptation of
these microorganisms to various ecological nicte3X; HOWLETT, 2008).
These metabolites have attracted immense intefestrious researchers due to
their potential for biotechnological applicationsck as the development of
drugs, cosmetics, food, and others (SHWAB; KELLEB0OS8).

Among the metabolites produced by fungi, the pigimemavebeen
highlighted, due to their biological activity or eltio their potential use as dyes
(CELESTINO et al., 2014). Thefilamentous fungi sterdiverse classes of
pigments as secondary metabolites such as card&gnaoielanins, flavins,
phenazines and quinones (DUFOSSE et al., 2014; MAPAHRANE;
MEYER, 2010). These compounds can be an alternfdivthe replacement of
synthetic pigments, which exhibit some disadvardage toxicity to health or
environment and mutagenic and carcinogenic polgfi@dPES et al., 2013). In
addition, many pigments have important biologicattivities such as
antibacterial, antifungal and herbicide potentiatl &an be used in numerous
applications (GEWEELY, 2011; PREMALATHA et al., ZDTEIXEIRA et al.,
2012).

The exploration of secondary metabolites produceg these
microorganisms can be facilitated because theymaw gapidly and produce
high yields of the desired product using optimizetture conditions (MAPARI
et al., 2005). Studies have shown that the chamgeeidia composition and/or
culture conditions can result in enhanced pigmentiyction, and,because of
that,studiesaim at selecting media or its companémtincrease the yield of
these compounds (MUKHERJEE; SINGH, 2011; PRADEEPalet 2013;
QUERESHI; PANDEY; SINGH, 2010). Moreover, the idéination of fungi
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and the characterization of their extracts are imamb steps to select and direct
the strains for various applications (MAPARI et, a&009). Therefore, the
objectives of this study were to screen and totiflepigment-producing fungi
isolated from Brazilian caves, evaluate the infheerof different media on
pigment production, characterize the main coloredafmolites produced by the
selected strains and evaluate the phytotoxic agtivi these extracts against

Lemna minor.

MATERIAL AND METHODS

Screening and identification of pigment-produciogdi

For screening of pigment-producing filamentous fungwenty
strainsisolated from Brazilian cavesand belongiry the collection of
Bioprospecting and Genetics of Fungi Laboratoryo@in) of the Federal
University ofLavras, Brazil, were inoculated on &ot dextrose agar (PDA)
medium (potatoes (200 g/L), glucose (20 g/L) andra@O g/L)) and were
incubated at Z& for 7 days. The strains that showed visual pigrpeoduction
on PDA were selected and submitted to species ifibatibn based on
molecular phylogenetic of the ITS-5.8S region o\ Fungal DNA was
extracted from mycelium scrapped from PDA platesngisthe “Mobio”
UltraClean® Microbial extraction kit according tohet manufacturer's
recommendations. The ITS region was amplified uginigners: ITS 1 (5
TCCGTAGGTGAACCTGCGG-3 as a forward primer and ITS 4 '{5
TCCTCCGCTTTATTGATATGC-3 as a reverse primer (WHITEet,al990).
Each 30uL PCR reaction mix contained 15 pL Quiagen Kit, {@lultrapure
water, 1 pLeach primer (10 pmol) and 1 uL genomiAD PCR conditions
were: initial denaturation at 9& for 2 min, 35 cycles of 95 °C for 1 min, 50 °C

for 1min, 72 °C for 1 min, and a final extensiom fomin at 72 °C. Samples
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were sequenced by Macrogen in South Korea (MACROGEOI4).The
sequences were edited using the SegAssem Ver. % &fftware. Search for
homologous sequences in GenBank was performed B&AGT (NATIONAL
CENTER FOR BIOTECHNOLOGY INFORMATION - NCBI, 2014)TS
sequences of reference strains of fungal specias rfatched the BLAST
searches were downloaded and aligned with sequehties pigment-producing
fungi using MUSCLE, as implemented in the MEGA $tware (TAMURA et
al., 2011). The alignment containing592 bp, inahgdgaps, was subjected to a
bayesian phylogenetic analysis using Mr. Bayes(R@QNQUIST et al., 2012).
The SYM+I+G model of sequence evolution was estithaising jModeltest
(DARRIBA et al., 2012) and applied to the Bayesaaualysis. Two independent
analyses were run in parallel for 2.5 x 106 genmamatin Mr. Bayes, and
sampled every 500 generations. The convergenceebetwins was assessed by
looking at the standard deviation of split frequercOne fifty-percent majority-
rule consensus tree was then generated after diisge25 % of the initial trees.
The sequences generated in this work were depositégdenBank and the
identified fungi were deposited in Colecédo Micoldyide Lavras (CML) of the
Phytopathology Department, Lavras Federal UniverBitazil.

Submerged culture on different media for pigmetpction
Pigment-producing fungi belonging to different spscwere selected
and cultivated in four different media (Table 1)d60 mL Erlenmeyer flasks
with a volume of 100 mL of medium. The shake-flagksre inoculated with
two mycelial plugs of approx. 9 mm diameter fromoe-week-old culture
grown on PDA medium. Incubation was carried ou8@fC in the dark on a
rotary shaker at 150 rpm for 7 days. The pigment$ l@omass production in

each medium wereinvestigated in triplicate and ayervalues were reported.
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The R program was used to compare the data bydb# Bnott test (p <0.01)
(SCOTT; KNOTT, 1974).

Table 1 Culture media for pigment production in submergelture

Media Composition Reference

Potato Dextrose . o0 Sharma et al.
(PD) Broth of baked potato; 2% (w/v) glucose (2012)

Malt Extract 2% (w/v) glucose; 2% (w/v) malt extract; 0.1%Mapari, Meyer e
(ME) (w/v) peptone Thrane (2008)

3% (w/v) sucrose; 0.3% (w/v) NaN0OO0.1%
(whv) KoHPQOy; 0.05% (w/v) MgSQ.7H.0;
0.05% (w/v) KCI; 0.01% (w/v) FeSO7H,0

Mendéz et
al.(2008)

Czapeck-Dox
(CzP)

3% (w/v) glucose; 0.1% (w/v) (NBLSOy;
0.05% (w/v) MgSQ.7H,0; 0.14% (w/v)
Defined Ko,HPQO,; 0.06% (w/v) KHPQO,; 0.08% (w/v) Velmurugan et
Medium (MD) ZnSQ,.7H,0O; 0.08% (w/v) FeGl6H,0; 0.08% al.(2010)
(wWiv) NaMoQ,.2H,0; 0.04% (wWiv)
MnSQ,.2H,0; 0.008% (w/v) CuS©5H,0

Extracellular pigment and biomass estimation

A known amount of pigment was taken from each fered medium
for estimating extracellular pigment using 90% eatila Five milliliters of
solvent wereadded per milliliter of pigment tak&he solvent and sample were
kept on a rotary shaker at 200 rpm for 1 h, allowedtand for 15 min and
filtered through Whatman paper No. 1. Ethanol exttaf control medium was
kept as the blank (consequently, any colored snbstafrom the liquid medium
were subtracted from the pigment produced by tingijuand the analysis was
carried out in spectrophotometer (Instrutherm UWQ@A, Ltd, Sdo Paulo,
Brazil). A scan was performed from 380-780nm tcedmine the wavelength of
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maximum absorption. Pigment yield was expressednits of absorbance at a
given wavelength, multiplied by the dilution fac{@fA x df).

For biomass estimation,the mycelium was filteredulgh a preweighed
Whatman paper No. 1 and washed twice with distileder followed by drying
at 105 °C for 12—-15 h and weighed to yield the l@Eesthat was expressed as
mycelial dry weight (g/L) (VELMURUGAN et al., 2010)

Chemical characterization of pigment produced lgcsed fungi

The production of pigments was performed by fermton in a volume
of 1L of the medium selected for each strain falags at 30C and 150 rpm.
The cultures were filteredand the supernatant etedatwicewith half volume of
ethyl acetate. The extracts were concentratedataay evaporator (IKA, RV10
digital) and subjected to a thin layer chromatogsafTLC). The polar extracts
were fractionated by chromatography on Sephadex OLQigma-Aldrich)
column using methanol as eluent. The collectedtibras were analyzed on a
Waters Corp., Xevo TQ-S equipment for ID-MS and ftee MS/MS
experiments (CID). The nonpolar extract was frawted by chromatography
on a Silica gel stationary phase column (Acros7Gfam). For elution, mixtures
of hexane:ethyl acetate and ethyl acetate:methaitiolincreasing polarity were
employed. The collected fractions were analyzedTh¢ on silica. Fractions
showing the same chromatographic pattern were gaoid analyzed on Waters
Corp., Xevo TQ-S equipment for ID-MS. The combirfettions that showed
precursor ions of the metabolites of interest vegarated by HPLC Shimadzu
equipped with a CBM-20A system control, LC-6AD pumpgdetector UV-Vis
SPD-20A { 301 and 370 nm) on an Eclipse XDBgGemi-preparative column
(Agilent, 9.4 x 250 mm, 5um). For elution, it wasgoyed a mixture of

acetonitrile:water (50:50) under 3 mL.riflow.
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The characterization of the pigments was perforime1S/MS andH

NMR experiments. MS parameters were: desolvatienNyat 300°C; scan time
0,5 s; ion source temperature 120°C; capillaryk3/2and cone 60 V for ESI+,
and capillary -3,2 kV and cone -60 V for ESI-. Tdadlision energies went from
10eV to 50eV depending on the analyte. The softwaex to analyze the data
was the MassLynx, version 4.1 (Waters Corpt). NMR experiments were
performed by Bruker DRX - 400 spectrometer. The @amwere dissolved in
CD;0D or CDC} (Sigma-Aldrich), depending on theirsolubility.

Biological activity

The extracts were tested for the phytotoxic agtivagainstLemna
minor. For bioassay, 30 uL aliquots of fraction of exts in DMSO at 10 mg
mL™ were added into the well (triplicate) of a 3x4 B plate and the volume
completed to 3 mL of medium SIS (AMERICAN SOCIETYOR TESTING
AND MATERIALS -ASTM, 1993). One pair of healtHy minor petals wasput
into each well. Medium SIS and DMSO 1% were usechegative control.
Atrazine (Sigma-Aldrich), a synthetic commercialrifieide, was used as
positive control. After 7 days, the phytotoxic aityi of the extracts were

visually evaluated by means of necrosis or praifen inhibition of the petals.

RESULTS AND DISCUSSION

Screening and identification of pigment-produciogdi

Among twenty fungal strains evaluated, twelve hagacity to produce
pigments in the PDA medium and were selected arahtified. Fungal
identification of the isolates selected in this kwawvas based on molecular
phylogenetic of the ITS-5.8S region of the rDNAhiS region evolves rapidly
and then is used for discriminating closely relatgmbcies (WHITE et al.,
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1990).In addition, the sequence variation withiis ttegion has been useful in
phylogenetic studies of many fungi (BASTOLA et &004). The phylogenetic
tree of ITS sequences is shown in Figure 1.

Among the identified fungi, one isolate A§pergillus sydowi{GMA3),
two of A. aureolatugE.4.1 and E.2.5), two o&. Keweii(ONI75 and CF292),
three ofPenicillium flavigenun{E.2.4; E.2.7 and 3.1.a), one®f chermesinum
(102), one ofEpicoccum nigrum(185A), one ofLecanicillium aphanocladii
(ONI5) and one isolate ¢fusariumsp. (FPW) were obtained.

The specidspicoccum nigrumidentified in this work, is a recognized
producer of a variety of secondary metabolites uidicly pigments such as
carotenoids (GRIBANOVSKI-SASSU; FOPPEN, 1967), flavids (SOPTICA;
BAHRIM, 2005) and/or polyketide (SHU et al., 199#ith color hues in red-
orange-yellow spectra.This species is also showrbgonon-toxigenic and
therefore has been considered as a potential samfrgggments (MAPARI;
MEYER; THRANE, 2008).

Two pigment-producing species belonging togeRenicillium were
identified, P. flavigenum(E.2.4; E.2.7 and 3.1.a) aRl chermesinun{102).
New azaphilones (chermesinones) were isolated fthm culture of the
mangrove endophytic fungwenicillium chermesinunizH4-E2) (HUANG et
al., 2011). However, there is no report about themtial of this species as a
producer of pigments. The spedteslavigenunbelongs to sectio@rhysogena,
which has species producers of anthraquinones #met gellow polyketides
(FRISVAD; SAMSON, 2004). Moreover, antibiotic xaotillins have been
found in two species irChrysogena(P. chrysogenumand P. flavigenum
(FRISVAD et al.,, 2004). According to Mapari et d2009), the speci€s
flavigenummust be investigated as a possible source of pitgrfer industrial

applications.
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Among the pigment-producing fungi, one isolated g¢Enus
Fusariunwas identified. Species of this genus are sourtégferent bioactive
metabolites, including pigments such as the anthmames compounds of
Fusarium oxysporuAGIA; EL-MOHAMEDY, 2007), F.
verticillioideg§BOONYAPRANAI et al., 2008) and F.
moniliformgPREMALATHA et al., 2012).

The specidsecanicillium aphanocladiihas been reported as parasitic
fungus ofAgaricussp. and ofSphaerotheca fuligindlEIJWEGEN, 1988). In
addition, it is also known as entomogenous (PECITDEYKACERGIUS, 2012)
and as potential biological control agent againsphidgs (ZARE;
MOHAMMADI, 2006). This species has been confusethwiAphanocladium
album (Preuss) and the use of this name in most of litexature refers td..
aphanocladii.One characteristic of this fungus is that almdist. aaphanocladii
isolates produce a red pigment in agar (ZARE; GAMS01), which was
observed in the present work.

Three species of genusspergilluswere identified asA. aureolatus
(E.2.5 and E.4.1A. keveii(CF 292 and ONI75) an#l. sydowii(GMA3). There
is not report about the potential of thesespeciepigment producers. Among
the fungi belonging to the genusspergillus only some species have been
reported as possible sources of pigments, suéh gkwucusA. cristatusandA.
repensvhich were reported to produce known yellow and red
hydroxyanthraquinoid pigments, such as emodin, iptoys (yellow pigments),
questin (yellow to orange-brown), erythroglauciatemarin and rubrocistin (red
pigments) (CARO et al., 2012). Mostof the spediestified in this work have
been little studied for the production of pigmeatw therefore may constitute

new sourcesof colorants and/or metabolites withoirigmt biological activities.
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Influence of different culture media on pigmentprodictionin submerged
culture

Among the identified fungi, eight strains belorgyito different species
were selected toevaluate the influence of differemdia on growth and
production of extracellular pigments in submergatiuce.Media were selected
based on the available literature for the pigmeatpction by filamentous fungi
in liquid cultures(Table 1).Extracellular pigmemat® preferred because they are
soluble in culture media and downstream processngimpler e cheaper
(MAPARI et al., 2009). Therefore, only the extrdakdr production of pigments
was evaluated in this study. The pigments produmedhe selected fungi on
various media are presented in Figure 2. Ead@atiltwas scanned at 400-700
nm to find the wavelengthof maximum absorptieyof each pigment. Thus, the
supernatant was read at 400 nm for yellow pigmentéspergillus sydowii
(GMA3), A. aureolatugE.2.5),A. Keweii(CF292),P. flavigenum(E.2.4),P.
chermesinun(102), andFusariumsp. (FPW), at 430 nm for orange-yellow
pigment ofE. nigrum(185A), and at 500 nm for red pigmentlofaphanocladii
(ONI5).

The tested strains grew in all examined media. NITkEemedium was the
most favorable to the mycelial growth of all fungglecies tested (Figure 3).
However, the pigment production in this medium wgaificantly favorable
onlyto three isolate#\. Keveii(CF292),P. flavigenum(E.2.4) and~usariumsp.
(FPW) (p<0.01) (Table 2).

The ME medium is composedofglucose, malt extradt @eptone. The
malt extract is a source of vitamins and coenzythascan promote the growth
and production of pigments by these fungi (PRADEERIg 2013). Furthermore,
it has been reported that various types of peptoommonly used in culture
media as a source of nitrogen, increased the pigpreduction by many fungi
species (CELESTINO et al., 2014; GEWEELY, 2011; BPRALP et al., 2013;
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QUERESH]I; PANDEY; SINGH, 2010 VELMURUGAN et al., 201CThe
pepbne provides many nutrients as peptides and angigls & the broth and
seemi be easily metabolized by most fungi, which ceadl to incread
production of their metabolites, including pigme(CELESTINO et al., 201.-.

Producedpigments Producedpigments

Strains Strains

on different media on different media
L.
aphanocladii A. sydowii
(ONI5) (GMA3)
E. nigrum Fusariumsp.
(185A) (FPW)
P.
P. flavigenum chermesinum
(E.2.4) (102)
A. "Z‘Erg‘g;"t“s A. keveii
- (CF292)
Controls
Media

Figure 2Pigment production t filamentous fungi on different me« PD
(Potato Dextrose medium)ME (Malt Extract medium), CZP
(Czapec-Dox medium) andMD (Defined Medium)
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Figure3 Effect of different media on biomass productionfisfimentous fungi.
Results are mean of triplicates + SD and those dgifferent letters are
significantly different at p < 0.01

Table 2 Pigment production (UA x df)* of isolates in diffmt media.PD
(Potato Dextrose medium)ME (Malt Extract medium), CZP
(Czapeck-Dox medium) andD (Defined Medium)

by Media
Isolates
(nm) PD ME czP MD
L. aphanocladi{fONI5) 500 0.68+0.06a 0.22+0.15b 0.06+0.02b 0.12+0.09 b

E. nigrum(185A) 430 8.19+3.04a 0.22+0.08b 0.22+0.06 b 0.29+0.09 b
A. keveii(CF 292) 400 0.20+0.06 H.79+0.06 a 0.37+0.11b 0.10+0.07 b
P. chermesinur(i02) 400 - - 1.58 +0.07a -
A. sydowii(GMA3) 400 0.98+0.66a - 0.09+0.03b -
P.flavigenumE.2.4) 400 1.56+0.25b 3.38+0.35a 0.16+0.16 ¢ 0.37+0.03 ¢
A. aureolatugE.2.5) 400 0.68+0.24a 0.72+0.17 a 0.08+0.08b 0.14+0.05 b
Fusariumsp. (FPW) 400 0.54+0.13» 2.03+0.05 a - 023+0.1 b

*Values are means of triplicates £ SD and thosd wlifferent letters are significantly

different at p < 0.01
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For other evaluated fungal species, it was obsetlvatithe amount of
biomass did not necessarily result in higher pigmaeduction (Fig. 3 and
Table 2). As observed on Table 2, forthe isol&e nigrum (185A), the
maximum yellow-orange pigment production was obsérin the PD medium
(UA430nm at 8.19 + 3.04), on average 37 times higher timathé other tested
media (p<0.01). However, the growth in this mediwas the lowest (7.09 +
1.61 g/L) (Fig. 2). This result was also observadtfie isolatedP. chermesinum
(102), which produced pigments only in the CZP mediwhere its growth was
the lowest compared toother media (3.98 + 0.72.gillyreover,A. sydowii
(GMA3) and P. chermesinum(102) did not produce pigments in the ME
medium, despite showinga higher biomass produdtiothis medium. These
results can be explained because the pigments ggddy filamentous fungi are
secondary metabolites whose production usually cenwes late inthe growth
of the microorganisms, often when entering thdmtatyphase (CALVO et al.,
2002).Thus, the production of these compounds wgi'ehin media where the
fungi have reached the stationary phase more quickl, those means that do
not favor its growth. Therefore, the growth andnpémt-producing ability by
filamentous fungi may not be positively correlatedhe liquid cultive.

The straind.. aphanocladii(ONI5) andA. sydowii(GMA3) showed the
highest pigment production on PD medium in whighlthaphanocladiiONI5)
strain produced an intense reddish color £{d at 0.68 + 0.6) and thA.
sydowii (GMA3) strain produced yellow color (Ugwmat 0.98 + 0.66). To the
A. aureolatusolate(E.2.5), there is no significant differenoa pigment
production on PD and ME media at 400 nm. HoweWds, isolate produced a
dark green color in PD medium, presenting anothHzsomption peak at a
wavelength of 730 nm (UAgmat 0.17 + 0.12) (Fig. 2). This result indicateatth
the PD medium favored the production of other pigiadoy strainA. aureolatus

(E.2.5). Fungi such as the species of gévlorascusalso produce pigments of



53

different colors, and depending onthe medium coitipas the production of
one pigment may be favored over others (MUKHERJER/GH, 2011).

In this study, seven of the eight species evaluatedwed higher
pigment production in media of complex or undefimedhposition, such as ME
and PD. These media contain glucose, which is laooasource widely reported
to induce the production of pigments (CHATTERJEE &, 2009;
MUKHERJEE; SINGH, 2011; PRADEEP et al., 2013). Besi these media
contain other components as malt extract, pepgiagsh, which provide a series
of nutrients like vitamins, coenzymes, peptidesinanacids, sulfur, molecules
of carbon and nitrogen.These nutrients can reguheteexpression of genes of
interest and activate metabolic pathways imporfarthe production of these
compounds (PRADEEP et al., 2013). Thus, dependiibeoselected species,
some sources of carbon and nitrogen can be moitg assimilated and promote
higher yields of the desired product (CELESTIN@let2014).

The aim of these experiments with different medeswo increase the
pigment production to facilitate the downstreamcpss of extraction and
characterization. Moreover, these results staiseudsion about the nutritional
conditions for the pigment production by these fumghich can help in the
selection of substrates for future optimizationgmses.

Chemical characterization of pigment produced bgcted fungi

The eight selected species were cultured in anvelof 1L of selected
medium for each isolate (PD medium for aphanocladii(ONI5), E. nigrum
(185A), A. aureolaus(E.2.5) andA. sydowii (GM3), ME medium forP.
flavigenum (E.2.4), A. keveii (CF292) andFusarium sp. (FPW), and CZP
medium forP. chermesinunfl02)). For extractions of colored compounds, the
cultures were filtered and the supernatant extdattéce with ethyl acetate in

the ratio 2:1(v/v). The extraction of pigments gsithyl acetate was possible
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only for the filtrate of isolatek. aphanocladii(ONI5),E. nigrum(185A) andP.
flavigenum(E.2.4), since the pigments of the other isolatege not soluble in
this solvent.

The extract of three strains was concentratedristary evaporator and
subjected to a TLC. According to the retention obsg on the silica plate, it
can be seen that the extractsLofaphanocladii(ONI5) andE. nigrum (185A)
are polar and , because of that,to prevent lossoofpounds of interest on a
silica column, the next step was to carry out thetfonation of these extracts on
Sephadex column in which the separation of compsimdhdependent of their
interaction with the stationary phase. In contrdmcause of the nonpolar
character ofP. flavigenum(E.2.4) extract, this was fractionated on a silica
column.

A total of 15 fractions of the extrat¢t aphanocladii(ONI5) and 12
fractions of the extract d&. nigrum(185A) were recovered of fractionation on
Sephadex column. The fractions that showed coldi3(6f ONI5 extract and 3-
9 of 185A extract) were directly analyzed in thessnapectrometer.

Analyzing the mass spectra of the fractions 6,87and 9 ofL.
aphanocladii(ONI5) extract (APENDICE A)the precursor ions (natz307 [M
+ H'] and 329 [M + N&) of a metabolite commonly produced by related
specieswerefound, calledoosporein (Fig. 4A).Theaetibns were pooled, based
on spectra analysis, and produceda red precigidiang) that was dissolved in
CD;OD to 'H NMR analysis. The spectral data'ef NMR were in agreement
with previous characterization of oosporein (NAGA®Ket al., 2004),
exhibiting only one chemical shift a 1.88 (s) (6H, s) and confirming the
identification of this pigment (Fig 5A).

Oosporein (2,5-dihydroxybenzoquinone) is a micatoxriginally
isolated from the basidiomycet@ospora coloranf&KOGL; WESSEM, 1994).

It has also been found in other fungi likhaetomium trilaterale, Verticillium
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psalliotae, Beauveriap, Chaetomium cupre{@OLE et al., 1974; LUO et al.,
2014; MAO et al., 2010;NAGAOKA et al., 2004). Tliempound has important
biological activities such as inhibition of growith plants and phytotoxic effect
(COLE et al., 1974). Moreover, oosporein showedfamal activity against
Phytophtora infestan$NAGAOKA et al., 2004),Rhizoctonia solani, Botrytis
cinereand Pytium ultimum potential to inhibit proliferation of tumor cdlhes
(MAO et al.,, 2010), antiviral activity (TERRY et.al1992) and has been
reported to be toxic to various poultry includingpiter chickens and turkeys,
resulting in gout, kidney damage and even death_iEEeX al., 1974; PEGRAM,;
WYATT,; SMITH, 1981).

Figure 4 Chemical structure of compounds: oosporein (A) (NAB®A et al.,
2004), orevactaene (B) (SHU et al., 1997) and dittyathodimerol
(C) (LEE et al., 2005)

The mass spectra of fraction 5, 6 and 7Eofnigrum (185A) extract
(APENDICE B)showed the ion precursor (m/z at 611 fNH])of orevactaene
(Fig. 4B). The presence of this metabolite was icodd by fragmentation
profile(MS/MS) of ion 611, which showed the chaeaidtic ions at m/z 403,
447, 491 and 521 in negative mode (Fig. 5 B), wéniehsimilar to previously
reported patterns (GINKEL et al., 2012; SHU et B097). These fragments are
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a result of the cleavage of the hydroxylated sidgirc moiety, followed by the
cleavage of the dihydroxypyranne ring and by treadwoxylation (GINKEL et al.,
2012). Orevactaene is a yellow antioxidant compowtiich was identified as the
major color component of the extractifnigrumand has great potential as a food
colorant (MAPARI; THRANE; MEYER, 2010). Moreover,revactaene has
potential for inhibition of HIV replication, becaaigt was found to inhibit binding of
HIV-1 regulatory protein and its viral RNA bindisiie (SHU et al.,1997).
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Fractionation on silica gel column df. flavigenum(E.2.4) extract
resulted in 50 fractions, which were subjectedt€TThe fractions that showed
the same chromatographic profile were pooled andlyaed by mass
spectrometry.Analyzing the mass spectra of thetifnags 8-18, combined, d?.
flavigenungE.2.4) extract (APENDICE C), itwas found the precu ions (m/z
at 499 [M + H] and 521 [M + N&) of a metabolite produced by species of
genusPenicilliumandTrichodermatermed dihydrotrichodimerol (Fig. 4C). This
fraction (8-18) waspurified by HPLC. Among the 1&covered fractions,the
fractions 9 and 10, that showed the ions of m#49& and 521 (APENDICE C)
were pooled and yielded a yellow precipitate (4d@) that was dissolved in
CDCl; to 'H NMR analysis. The presence of dihydrotrichodirhewas
confirmed by the spectral data #f NMR especiallybecause ofthe presence of
the signals with chemical shift 86.49 (m), 6.14 (d), 6.2 (m), 6.3 (m) and 7.33
(dd) (APENDICE D). These chemical shifts are inemgnent with previous
characterization of the dihydrotrichodimerol by lateal. (2005), confirming the
identification of this compound.

Dihydrotrichodimerol is a bisorbicillinoid polyketé,presentingan open-
ended cage structure. These kinds of compoundararier nature and are unique
metabolites from various terrestrial and marine gfunThese classes of
polyketides have attracted interest due to theiucttral complexity and
biological activity, such as antioxidant and amtitr activities (ABE;
MURATA; HIROTA, 1998; LEE et al., 2005; LIU et aR005).

Dihydrotrichodimerol has been isolated from speasPenicilliuum
terrestre (LIU et al., 2005) andTrichoderma citrinoviride This compound
reduced the feeding preference of the afithizaphis graminuprone of the
most important pests of cereal crops, suggestipgtential for the development
of new agrochemicals for control of this pest (E¥INTE at al., 2009).

Moreover, dihydrotrichodimerol isolated frém terrestrandfrom unidentified
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fungal strain, showed, respectively, cytotoxic effeto cancer cell lines and
effects on the activation of peroxisome proliferaotivated receptonPPARy),

that are nuclear receptors with therapeuctic piateint the treatment of type 2
diabetes, inflammatory disease, and certain carft&is et al., 2005; LIU et al.,
2005). To the best of our knowledge, this is thst fiime that this compound is

isolated from thespeciBsflavigenum

Biological activity

The phytotoxic activity ofthe three fungal extrastas tested againkt
minor (Fig. 6). This specie of duckweed belongs to tmailfaLemnaceae and is
a small(1.5x1.5 mm) aquatic plant that consistsaafentral petal with two
attached daughter petals and a filamentous rooH(RAN; CHOUDHARY;
THOMSEN, 2001)L. minor is often used in phytotoxicity assaysfor
detectingnew herbicides and assessing the toxmftxhemical compounds
(FAIRCHIL et al., 1997; PETTA et al., 2013), becaus presentsadvantages
likeease of culture, small size, and rapid reprtidecrate. In addition, very
small sample quantities are required for testing #ris bioassay is able to
predict the growth stimulating effect of the evaadh sample (RAHMAN;
CHOUDHARY; THOMSEN 2001).

The results showed that the nigrum(185A) extract had no phytotoxic
activity against this plant (Fig 6, 2A). In contrathe petals of.. minor showed
necrosis after the exposition to theaphanocladigxtract (ONI5) (Fig. 6, 1A).
This phytotoxic effect can be attributed to thesprece of the red pigment
oosporein, already known for itstoxicity in plang€OLE et al., 1974).In
addition, the extract oP. flavigenum(E.2.4) inhibited the proliferation of the
petals ofL. minor (Fig. 6, 3A). However, it cannot be inferred ifetigrowth
inhibition of this plant was caused by the presesicdihydrotrichodimerol on

the extract, since the crude extract was usedisrexperiment and also because
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there is no recordn the literature about the phytotoxicitfthiscompound.
Therefore, further studies need to be performedriter to isolate and identi
the possible metabolites produced P. flavigenumE.2.4 with potential fo
growth inhibition of the plais.

Figure6A) Biological activity of fungal extras againsL. minor: 1) Fr 6, 7, 8
and 9, combined, of extract L. aphanocladii(ONI5); 2) Fr 7, 8 and
9, combined, of extract (E. nigrum(185A). 3) Crude extract oP.
flavigenun (E.2.4)B) Controls: 1) Medium SIS;2) DMSO 1%; 3)
Atrazine commercial herbici

CONCLUSIONS

Considering the resuliof this work, it was concluded ththe studied
fungi may havepotential to produce pigments with biotechnologegapication.
Among the twenty fun( evaluated, twelve were able to synthesize col
compounds and the molecular identification of thesains resulted in eig
different species beloing to the gener&enicillium, Aspergillus, Epicoccur
Lecanicillium and Fusariui. In this study, the m@wth and pigmer- producing
ability were influenced t the specieand media composition. Complex me
seemedto favor a higher growth and production of thesetaielites

byproviding a wider variety of nutrientColored compounds produced by th
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fungi were identified such as the oosporein redatoxin in thel. aphanocladii
(ONI5) extract,the orevactaene orange antioxidamipound in thE. nigrum
(185A)extractand the dihydrotichodimerol yellowcampd in the P.
flavigenunextract. Among the extracts evaluated on biolog&sday, the..
aphanocladii (ONI5) andP. flavigenum(E24) extractsshowed phytotoxic and
growth-inhibitory effects against the aquatic plantminor, indicating that the
compounds present in these extracts have potdatiaé used as anherbicide,
after further investigations. In addition, the mmese of colored compounds with
antioxidant potential in extracts & nigrum(185A) andP. flavigenum(E.2.4)
indicate the possibility of using these isolates tiee production of pigments

with industrial application.
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APENDICES

APENDICE A — Espectros de massas das fracdes 687 9 do isoladd..

aphanocladii (ONI5), obtidas pelo fracionamento em coluna Sephax
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APENDICE B — Espectros de massas das fracfes 5, 8 do isoladoE.

nigrum (185A), obtidas pelo fracionamento em coluna Septiex
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APENDICE C - Espectro de massas das fracdes 8-18ntbinadas, do isolado
P. flavigenum (E.2.4) obtida pelo fracionamento em coluna de &ia gel

- fons de m/z 499 (M+H e 521 (M+N4) correspondem ao composto
dihydrotrichodimerol
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Espectro de massas da fracdes 9 e 10 do isol&dlavigenum (E.2.4) obtida
pelo fracionamento das fraces 8-18 (combinadas) pdPLC
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APENDICE D - Espectro ddH RMN das fracdes9 e 10 combinadas, do
isoladoP. flavigenum (E.2.4)

Os sinais com deslocamento quimicé 8e49 (m), 6.14 (d), 6.21 (m),
6.29 (m) and 7.33 (dd) confirmam a estrutura dedlibtrichodimerol.
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ARTIGO 2

SPRAY DRYING OF PIGMENTS PRODUCED BY FILAMENTOUS
FUNGI ISOLATED FROM BRAZILIAN CAVES

ABSTRACT

Spray drying is an encapsulation technique widelgedu in
manufacturing of food, pharmaceuticals, cosmetizs gigments, as well as an
alternative to avoid chemical and biological degtamh of such products,
turning them into particulate material. The ainttof study was to evaluate the
influence of three adjuvants (maltodextrin, modifigtarch and gum arabic) in
spray drying of pigments produced by filamentousigfuin submerged
fermentation. The three evaluated adjuvants irdtlimg process resulted in fine
powders with low moisture content and water agtilnt addition, all adjuvants
assured highcolor retention (> 70 %) during theirdryprocess, besides the
product recovery was>50%.Thus, these resultsinglidiiat the pigments
produced by filamentous fungi can bespray-driedatilitate their storage and
marketing.

Keywords: Spray dryer, pigments, flamentous fungi, papersdye
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INTRODUCTION

There is growing interest in replacing the synthelyes by dyes from
natural sources, since these substances can @adseffects to health or the
environment, possess mutagenic and carcinogenanfi@t and cause allergies
(LOPES et al., 2013). The food, textile and papdustries have shown interest
in using natural pigments, due to the high quaditythe dyeing obtained with
these pigments and because of the environmentateomm (FRINHANI,
OLIVEIRA, 2006; GUPTA et al., 2013).

An alternative for the production of natural aalots is the
biotechnological exploration of microorganisms, dgxe their pigments have a
predictable and controllable yield, and can be pced continuously. Among
microorganisms, filamentous fungi have been comsitl@s promising sources
of dyes of commercial importance, because theimpigts exhibit a wide range
of color and are more soluble in water (MAPARI ket 2005).

However, one of the disadvantagesof using natpigihents is their
lower stability. Thus, aiming to increase the dtgbbf these colorants during
storage and to facilitate their transport, proitgss@nd marketing , drying
studies of natural colorants have been perform&SB(ES; YURDAGEL, 2007,
GOULA; ADAMOPOULOS, 2005; OBON et al., 2009; QUECICHOK;
SWEDLUND, 2007). One of the technologies usedis téhnique of spray
drying, which is a method for drying theextractjet transforms fluid material
in dry particulate through the atomization of theid in a current of air of
elevated temperature (VEGA; ROOS, 2006). This esudagion technique is
capable of producing fine powders and is widelydusefood manufacturing,
pharmaceuticals, cosmetics and colorants, sindedteases the water content
and activity of these products, avoiding the riskchemical or biological
degradation (KANDANSAMY; SOMASUNDARAM, 2012).
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Microencapsulation using spray drying is an ecoical method for the
preservation of natural colorants by entrapping doéorant within a wall
material or adjuvant (ERSUS; YURDAGEL, 2007). Thuaant is designed to
protect the core material against factors that rmause its deterioration,
increasing its stability. Microencapsulation effisty depends, among other
factors, onthe choice of adjuvant.The adjuvants monly used for
microencapsulation by spray drying are the carboitgd (maltodextrins,
modified starches, cellulose), proteins (whey pmtgelatine), and gums (arabic
gums)(KANDANSAMY; SOMASUNDARAM, 2012). Thus, thebgective of
this study was to investigate the feasibility ofasgpdrying of pigments produced
by filamentous fungi using three adjuvants (malide, modified starch and
arabic gum) and to evaluate the characteristicsthef produced powder,

including the residual humidity, water activity,laoand product recovery.

MATERIALAND METHODS

Culture conditions and recovery of colored medium

Three yellow pigment-producing fungi isolated ofaBitian caves and
belonging to the Colecdo Micolégica de Lavras (CMiE)the Phytopathology
Department, Federal University of Lavras, Brazdentified asAspergillus
keveii (CF292),Penicilium flavigenum(E.2.4) andEpicoccum nigrun(185A)
were inoculated on Potato Dextrose Agar (PDA) med{potatoes (200 g/L),
glucose (20 g/L) and agar (20 g/L)) and were intedbaat 25°C for 7 days.
After this period, 10 mycelial plugs of approx. $nndiameter from the culture
grown on PDA were inoculated in 2000 mL Erlenmeflasks with a volume of
1000 mL of PD (Potato Dextrose) medium (potato€® (@L) and glucose (20

g/L)). The incubation was carried out at ®Din the dark on a rotary shaker at
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150 rpm for 7 days. Later, the media were filteoedWhatman paper No. 1

using vacuum pump and the filtrate was mixed witluzants for spray drying.

Microencapsulation by spray drying of pigments fromfilamentous fungi

For the drying of pigments from filamentous fungiree adjuvants were
evaluated: Maltodextrin (MOR REX 1910 Corn ProduBtszil); modified
starch (capsul - Corn Products Brazil) and ArahiongFiloregum B - Nexira
Brazil). These adjuvants were mixed to the filtdatalture media at a ratio of
5% (w/v) and were kept under magnetic agitation fivr for adjuvant
incorporation. After this period, the drying formtibns (filtrated culture media
+ adjuvant) wereanalyzed by a UV-Vis HP 8453 sp@ttotometer operating
with HP Chem-Station software, in order to quanttfie color of each
formulation before the drying process. Each dryimgnulationwas scanned at
380-780 nm to find the wavelength of maximum abswonpof each pigment.

For the drying process, we used a mini spray dBy@05 (manufactured
by Lab-Plant, UK) consisting ofa two-fluid type atizing nozzle with internal
mixing with a sprinkler nozzle diameter of 1mm ahgling chamber of 500 mm
in height and 215 mm in diameter. The drying patanse were: inlet
temperature of the drying air (Tge) 100 ° C, atongjzair pressure (Patm) 2
kgf/cn?, drying airflow rate (Wg) 60 #h, atomizing air flow (WATM) of 15

L/min and feed rate (Wsusp) of 4 g/min.

Analysis of the spray-dried powder
After the drying process, the characteristics of ttolored powder
produced were evaluated, such as moisture contertgr activity, color and

product recovery as described below:
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Moisture Content(%)

Moisture content was determined by the direct nukthmsed on the
quantitative reaction of water with volumetric dodn known as Karl Fischer
reagent using Titrino plus 870 Methrom equipmenERNANDES, 2013).
Approximately 100 mg of sample wereused for eacherdgnation.

Measurements were performed in triplicate and élselts expressed as means.

Water activity (g)

Measurement of water activity {aof the powders was determined in
triplicate in Aqua Lab 4 VTE (Decagon, Devices) ipguent at a temperature of
25 ° C, using the dew point sensor. It consideréat vater free materials and 1
for water in liquid form.

Product recovery
The recovery of the dried powder was calculatednigss balance

according to equation 1:

Amount of recovereﬂowderafterdryingx 10

%Recover
F Amount of dry matterfedinto thesystem

0 01)

Color of the extract

Before and after drying, the colored filtrate ahé produced powder,
respectively, were analyzed by spectrophotometatetermine if there was a
color loss due to the drying process. After dryib®f (w/v) of each powder was
dissolved in water and the analysis of the pigmientlee powder was performed
by measuring the absorbance by UV-Vis HP 8453 spglabtometer operating
with HP Chem-Station software at wavelength of mmaxn absorption of each

pigment. Color change was represented in term#gaignt retention percentage
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(%PR), which was defined as the ratio between bsmrbance of the pigment

before and after the dryingprocess, as follows:

PR(%) = Absorbancafterdryirlg %100 (02)
Absorbancéeforadrying

RESULTS AND DISCUSSION

Microencapsulation by spray drying of pigments fritleamentous fungi

The pigmentsproduced by filamentous fungi were ddnissing three
adjuvants (maltodextrin, arabic gum and modifiedrcdt). After the drying
process, we evaluated which adjuvants provide povdsith the best
characteristics in terms of moisture content (¥@tew activity, product recovery
(%) and retention of pigments contained in thestirafes (%).The
microencapsulation was performed in order to previte pigments produced by
filamentous fungi in powder form to be stored, nedekl and used in a practical
and effective manner, as has been done with natignalents from other sources
(OBON et al., 2009; QUECK; CHOK; SWEDLUND, 2007)dtthoice of
adjuvant in the drying process has been the fodusmany studies of
microencapsulation of dyes, sinceitprotects thee qoaterial from the various
factors that may cause its deterioration, e.g. emyglight, moisture and
enhances the stability of encapsulated colorantsANBANSAMY;
SOMASUNDARAM, 2012).

Spray drying of the filtrates resulted in fine passl with yellow color
(Figure 1) and with moisture percentage less thdi% (Table 1). This is a
very important feature, since powders with high stmie content can be
favorable to the development of microorganisms (ME®OSS, 2006). The
addition of maltodextrin to extracts Bf nigrum185A andP. flavigenunkE.2.4
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produced powders witithe lowest moisture content (6.8%nd 5.75%,
respectivelyHowever, for the powder of th&. Keveii CF292 isolate, the
percentage of moisture was similar when maltodex{ri.68%) and modifie
starch (7.57%)were used as adjuvant§he drying process should work w
operating conditions and drying adjuvants that g®vpowder withlower
moisture content. When the terial is stored in nomirtight conditions
acceptablehumidity values are between 6 and 7%, withifich physica
changes are rarely observelLIST; SCHMIDT, 1989). Thusexcep for the
powder of the funglA. Keveii (CF292) using arabic gum asjadhrt, which
showed a moistureontentat9.41%, the other powder®guced showed lo
moisture percentag, which could ensure the stability of the pros for a
longershelf life.

Maltodextrin Mudified Starch Gum Arabic

E. Nigraom (1854) |

F. flavigennm (EXd)

A. Keveii (CF292)

Figure 1 Powders obtained lspray dryingprocess of the colored filtré from
filamentbous fungi using three adjuva

Another important feature of the powders obtaingdspray drying it
the water activity (,). The @ value is different from moisture cont, since it

measures the availability of free water in the male.In other words, i
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corresponds to the water available for biochemieslctions, whereas the
moisture content represents the water compositianmaterial. Thus, this is an
important index for the spray drying process beedtian greatly affect the
shelf life of the produced powder (QUECK; CHOK; SIMBJND, 2007). The
three adjuvants tested in this study producedpcsveéth water activity in the
range of 0.269-0.317 (Table 1). This means thatpteuced powders are
microbiologically stable, considering thatat valusslow 0.5, the growth of
microorganisms is not common (BOBBIO; BOBBIO, 2Q0&Eurthermore, the
amount of free water available for biochemical te®s is reduced, and thus the
shelf life of the powders will be longer (GOULA; AMOPOULOS, 2005).

Table 1 Characteristics of the dye powder produbgdspray drying with
different adjuvants

. . Moisture Wz?lt.er Recovery PR
Strains Adjuvants (%) activity %) %)
(aw)
Maltodextrin 6.8 0.296 53.76 70.23
E. nigrum (185A)  Modified starch 7.32 0.269 55.29 100
Arabicgum 7.91 0.283 50.47 82.83
Maltodextrin 7.68 0.312 62.4 86.1
A. Keveli (CF292)  Modified starch 7.57 0.286 59.5 86.21
Arabic gum 9.41 0.317 56.3 100
Maltodextrin 5.75 0.313 56.8 84.24
P. flavigenum (E.2.4) Modified starch 6.19 0.280 59.8 89.98
Arabic gum 6.11 0.238 53.5 87.93

We also evaluated the influence of adjuvant ingigenent retention and
product recovery after the drying process. To eatalihe color retention, the

absorbance of the filtrate was measured before atet the drying in the
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wavelength of maximum absorption of the pigmentsdpced by each strain
(400 nm foP. flavigenumE24 andA. keveiiCF292and 430 nm f&. nigrum
185A). The change in color was represented in teofnpigment retention
percentage (%PR) (Table 1).

The drying processof tke nigrum(185A) filtrate with modified starch
resulted in 100%color retention. Moreover, withstradjuvant the product
recovery was higher (55.29%). Forthe fitratedoKeveiiCF292, the use of gum
arabic as drying adjuvant also kept 100% of thergdhowever the product
recovery was higher with modified starch (62.4%heTcolor retention and
recovery of the product Bf flavigenum(E.2.4) filtratewas similar forall the
adjuvants tested, however it was slightly highar tfiee sample prepared with
modified starch (89.98%, and 59.8%, respectivelgbie 1).

The results showed that all adjuvants used inghidycan be used for
drying of pigments produced by the filamentous fusmce they provided
powders with low moisture content and water agtjvivhich will ensure the
stability of the product during storage. Additidgatthese adjuvants ensureda
product recovery higherthan 50% and high pigmeemt&n (> 70 %).
Maltodextrins, modified starch and arabic gums aigely used in the spray
drying process and have been reportedas ensuriog goality powders
(ERSUS; YURDAGEL, 2006; KANDANSAMY; SOMASUNDARAM,
2012;KRISHNAN; KSHIRSAGAR; SINGHAL, 2005; QUECK; GBK;
SWEDLUND, 2007).

CONCLUSIONS

This work demonstrated that pigments obtained byn&rged
fermentation of the filamentous fumgi nigrum (185A), P. flavigenum(E.2.4)
andA. keveii(CF292) can be dried by the spray drying technidinre addition

of the three wall materials(maltodextrin, modifiestarch and gum arabic)
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resulted in fine powders with low moisture contemtd water activity.
Furthermore, all adjuvants studied assured highatkention and product
recovery during the drying process.Thus, this stielyjonstrates the possibility
of microencapsulation of the pigments producedilaynfentous fungi by spray
drying technique in order to facilitate storage amatketing of these dyes.
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