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RESUMO

Nos ultimos anos, muitos estudos tém demonstrado o interesse em relacdo a producao e
aplicacdo dos biopolimeros quitina e quitosana como materiais funcionais na medicina,
farmacia, alimentacdo, biologia e engenharia. Especialmente devido a suas
caracteristicas Unicas como biocompatibilidade, biodegradabilidade, néo- toxicidade,
atividade antimicrobiana, capacidade quelante e facil producdo. Apos a celulose, a
quitina é o segundo composto organico mais abundante na Terra, e é encontrado
naturalmente como elemento estrutural em invertebrados e paredes celulares de fungos,
principalmente na ordem Mucorales (classe Zygomycetes). A quitosana é obtida a partir
da desacetilacdo da quitina (poli-(1-4)-2-acetamida-2-desoxi-pB-D-glicosamina). A
producdo simultdnea desses polimeros por via microbioldgica mostrou ser vantajosa
qguando comparada com a extracdo tradicional a partir de crustdceos. A producdo
controlada por fermentacdo tém permitido o uso de residuos agroindustriais como
substratos de baixo custo, tais como: milhocina, manipueira, melago e casca de mamao,
0 que corresponde a fontes de nutrientes alternativas para as culturas de fungos.Entre as
varias aplicacfes da quitosana , destaca-se a sua capacidade de formar membranas, que
podem ser aplicadas durante a remocao de metais pesados em ambientes aquosos . Esse
método poderia ser considerado alternativa promissora, tendo em vista a inviabilidade
operacional e o alto custo dos procedimentos habituais para remogdo de metais. O
objetivo deste estudo foi selecionar as melhores condicdes de cultivo para a producéo
satisfatoria de quitina e quitosana a partir de Cunninghamella elegans e Rhizopus
arrhizus e posterior aplicacdo de membranas de quitosana para a remoc¢do de cadmio
em solucBes aquosas. Inicialmente, a produgdo de biomassa e de biopolimeros por estes
fungos foi realizada através dos seguintes meios de cultura: meio especifico modificado
para Mucorales, e meios alternativos enriquecidos com milhocina (como fonte de
nitrogénio) e suplementados manipueira, melaco ou suco de casca de mamao (como
fontes de carbono). As caracterizacfes fisico-quimicas realizadas foram: infravermelho,
difracdo de raios X, microscopia eletrbnica de varredura, viscosidade, massa
molecular, termogravimetria e densidade calorimétrica. Foi realizada a comparagdo
entre as membranas obtidas utilizando quitosana fungica com baixa massa molecular e
quitosana comercial com massas moleculares baixa e média. Essas membranas de
quitosana foram aplicadas para a remocdo de Cd ( Il ) a partir de solugbes aquosas. E a
remocdo de cadmio foi estimada utilizando as anélises de voltametria de redissolucéo
anodica e voltametria de onda quadrada. Os resultados mostraram claramente as
maiores producdes de biomassa entre 16,00-24,60 g/L e producdo de quitosana entre
77,78-77,76 mg/g obtidas utilizando os meios de cultura alternativos para R. arrhizus e
C. elegans, respectivamente. Por outro lado, as produgdes mais elevadas de quitina de
137,17 e 235,00 mg/g foram obtidas usando os mesmos fungos e 0 meio de cultura
padrédo para Mucorales. A caracterizagdo fisico-quimica dos polimeros foi semelhante a
encontrada para a quitina e quitosana comerciais utilizadas como padrdes. A remogéo
de aproximadamente 100% de cadmio utilizando a membrana de quitosana de baixo
custo sugere uma alternativa para complementar, ou até mesmo substituir,
procedimentos de alto custo e baixa eficiéncia na descontaminacdo de efluentes
industriais por metais pesados.

Palavras-chave: Rhizopus arrhizus, Cunninghamella elegans, quitina, quitosana,
membranas, cadmio.
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ABSTRACT

In recent years, many studies have shown interest regarding the production and
application of the biopolymers chitin and chitosan as functional materials in medicine,
pharmacy, food, biology and engineering. Specially due to their unique features of
biocompatibility, biodegradability, non-toxicity, antimicrobial activity, chelating ability
and the easy production. After cellulose, chitin is the second most abundant organic
compound on earth, and it is naturally found as a structural element in invertebrates and
fungi cell walls, mainly in order Mucorales (Zygomycetes class). The chitosan is
obtained from chitin or (poly-(1-4)-2-acetamide-2-deoxy-f-D-glucosamine) throughout
deacetylation. The simultaneous production of these polymers by microbiological
means has shown to be advantageous when compared with the traditional extraction
from crustaceans. The controlled production by fermentation have allowed the use of
agroindustrial residua as low cost substrates, such as: corn steep liquor, cassava
wastewater, molasses and papaya peel, which corresponds to alternative nutrient sources
for the fungal cultures. Among the several applications stood out for chitosan, there is
its ability to form membranes, which can be applied during the removal of heavy metals
from aqueous environments. This method could be a promising for the current
expensive and low practical ones. The aim of this study was to select the best growing
conditions for a satisfactory production of chitin and chitosan from Cunninghamella
elegans and Rhizopus arrhizus and the subsequent application of chitosan membranes to
the removal cadmium from aqueous solutions. Initially, the production of biomass and
biopolymers was performed using the following culture media: a specific modified
medium for Mucorales, and an alternative media enriched with corn steep liquor (as
nitrogen source), and media supplemented with cassava wastewater, molasses or papaya
peel juice (as carbon sources). The physicochemical characterizations were performed
based on: infrared, x-ray diffraction, scanning electron microscopy analysis, along with
viscosity, molecular weight, thermogravimetric and calorimetric density determinations.
A comparison between membranes obtained using fungal chitosan with low molecular
weight and commercial chitosan with low and medium molecular weights, was
performed. These chitosan membranes were applied to the removal of Cd (Il) from
aqueous solutions. And cadmium removal was estimated using anodic stripping
voltammetry and square wave voltammetry electrochemical analysis. The results clearly
showed the highest yields of biomass between 16.00 to 24.60 g/L and chitosan
production between 77.78 to 77.76 mg/g were obtained using the alternative culture
media for R. arrhizus and C. elegans, respectively. On the other hand, the highest chitin
productions of 137.17 and 235.00 mg/g were obtained using the same fungi employing
the standard culture media for Mucorales. The physicochemical characterization of the
polymers was similar to the one found for commercial chitin and chitosan used as
standards. A cadmium removal of almost 100% using the low cost chitosan membrane
suggested an alternative as supplement, or even as replacement of the high cost and low
efficiency methods used for the decontamination of industrial wastewaters polluted by
heavy metals.

Keywords: Rhizopus arrhizus, Cunninghamella elegans, chitin, chitosan membranes cadmium.
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1. INTRODUCAO GERAL

Os polimeros naturais apresentam ampla aplicabilidade em diversas areas do
conhecimento devido as suas propriedades e, sobretudo a facilidade de obtencdo. Entre
os polimeros com maior potencial biotecnoldgico destacam-se a quitina e o co-polimero
quitosana (AZEVEDO et al., 2007). A quitina € um polimero formado por unidades
monomeéricas repetitivas de p-1,4 N-acetil D-glicosamina, e estd presente como
elemento estrutural nos artropodes e na parede celular de fungos em especial da classe
Zygomycetes, ordem Mucorales (CAMPOS-TAKAKI, 2005; STAMFORD et al., 2008;
CAMPOS-TAKAKI & DIETRICH, 2009). A quitosana é um polimero de D-
glicosamina derivada da desacetilacdo da quitina, com algumas caracteristicas que
favorecem sua aplicacdo em vérias areas destacando-se o potencial de utilizacdo na
descontaminacdo do meio ambiente (SHAHIDI et al., 1999; SINGH et al., 2008;
ALBUQUERQUE et al., 2009).

A fonte de quitina e quitosana mais utilizada atualmente é a carapaca de
crustaceos, mas o0 processo de extracdo destes polimeros utiliza a desacetilacdo
termoquimica que apresenta algumas desvantagens para a economia e 0 meio ambiente
(AMORIN et al., 2001; SANTOS et al., 2003; ANTONINO, 2007). Por outro lado, a
obtengdo simultdnea de quitina e quitosana a partir da biomassa de fungos da ordem
Mucorales apresenta algumas vantagens em relacdo ao processo tradicional de obtencao
pois requer menor custo de producéo, ocassiona menos poluicdo devido a nao utilizacédo
de altas temperaturas e solucdes alcalinas fortes, e também possibilita o
reaproveitamento de susbtratos ou residuos agroindustrias como fonte de carbono e
nitrogénio no cultivo destes microrganismos, em susbtituicdo aos meios de cultura
sintéticos de alto custo. Muitos estudos sugerem a otimizagdo das condicdes de cultivo
destes microrganismos visando a maior obtencdo da quitina e quitosana fungica
(AMORIN et al., 2006; STAMFORD et al., 2007; KLEKAYAI & SUNTORNSUK,
2010; FAletal., 2011).

Nos ultimos anos, 0s meios de comunicagdo mostram um progndstico
preocupante quanto a disponibilidade da agua para as futuras geracOes, pois além do
aumento no consumo existe o agravante da poluicdo doméstica e industrial. Desse
modo, 0 processo de descontaminagédo por biorremediagéo que utiliza microrganismos

livres, imobilizados ou apenas os produtos destes, entre eles a quitina e quitosana, é
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considerado uma tecnologia ecologicamente correta, e alternativa para a remogédo de
metais pesados (FRANCO et al., 2004; CARVALHO, 2006; BARRIADA et al., 2008;
ROSA & WALLAU, 2008). Nesse sentido, a aplicacdo de membranas de quitosana, em
comparacdo com este biopolimero na forma de pd ou flocos, apresenta caracteristicas
mais promissoras porque possuem maior area superficial o que aumenta a velocidade e
a capacidade de adsorcdo (DIAS et al., 2008). O uso desta alternativa também é mais
interessante porque, ao contrario dos procedimentos habituais, apresenta baixa geragdo
de residuos, facil recuperacdo dos metais e possibilidade de reutilizacdo dos adsorventes
(CARVALHO, 2006; ROSA & WALLAU, 2008).

Assim, é de fundamental importancia a busca por alternativas que amenizem ou
solucionem por completo os problemas de poluicdo ambiental, mas que também sejam
favoraveis a economia e a0 meio ambiente. A proposta deste trabalho é selecionar a
melhor condicdo para obtencdo de quitina e quitosana por via microbioldgica, utilizando
meios de cultura alternativos que resultem em reducéo dos custos finais de producdo, e
aplicar esta quitosana, na forma de membranas, na remocdo de cadmio em solugdes
aquosas. Esse procedimento podera se constituir em nova perpectiva na busca de
solucdes para as questdes de despoluicdo ambiental e, consequentemente, melhoria da

qualidade de vida.
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2. OBJETIVOS

O presente estudo teve como objetivo geral a producéo de quitina e quitosana
por Cunninghamella elegans e Rhizopus arrhizus cultivados em meios de cultura com
fontes alternativas de carbono e nitrogénio, para posterior aplicagdo de membranas de

quitosana na remocao de cadmio. Para isso as seguintes etapas foram realizadas:

» Avaliar o crescimento e producdo de quitina e quitosana em C. elegans e R.
arrhizus a partir da otimizagdo do meio proposto por HESSELTINE &
ANDERSON (1957);

* Investigar o efeito de substratos alternativos de baixo custo na producdo de
biomassa, quitina e quitosana por C. elegans e R. arrhizus;

» Selecionar as melhores condi¢Ges para producdo de quitosana por C. elegans e
R. arrhizus;

» Realizar a caracterizacdo fisico-quimica das quitosanas obtidas dos fungos C.
elegans e R. arrhizus;

»  Selecionar as melhores condicdes e parametros para produgdo de membranas de
quitosana por C. elegans e R. arrhizus;

» Aplicar membranas produzidas a partir da quitosana de crustaceo e as
membranas produzidas a partir da quitosana de fungo na remocéo de cadmio
dissolvido em &gua, comparando os resultados obtidos.
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1. REVISAO DA LITERATURA

1.1.  Quitina e quitosana: Histdrico e Ocorréncia

O termo “quitina” ¢ derivado da palavra grega “khitén”, que significa carapaca
ou caixa de revestimento. Esse significado justifica-se pelo fato de a quitina apresentar
funcdo estrutural na natureza porque constitui a parede celular dos fungos, a carapaca
dos crustaceos e 0 exoesqueleto dos artropodes oferecendo revestimento e protecao para
estes organismos (SANTOS, 2004).

Em 1811, a quitina foi descoberta pelo professor frances Henri Braconnot
durante um trabalho com fungos, sendo que neste momento foi denominada como
fungina (SANTOS, 2004; CAMPANA-FILHO et al., 2007; BHATNAGAR et al.,
2009). Em seu trabalho, Braconnot afirma que esses microrganismos continham uma
nova susbtancia que, em sua opinido, era completamente diferente da encontrada nas
madeiras (KNORR, 1991). Por muitos anos, houve controversias se esse material
encontrado em fungos poderia ser considerado um material novo porque 0 mesmo
apresentava muitas semelhancas estruturais com a celulose. Apenas em 1823, esse
material foi denominado como quitina pelo pesquisador Odier que isolou este
biopolimero de insetos. Embora ndo tenha detectado nitrogénio na composi¢do, Odier
foi o primeiro a relatar a semelhanca entre as substancias suportes presente nos insetos e
nos tecidos vegetais. Posteriormente, Odier também observou a presenca de quitina na
carapaca de caranguejo e sugeriu que ela seria o material basico na formacdo do
exoesqueleto de todos os insetos e possivelmente dos aracnideos. Entretanto, s6 em
1843, Payen detectou a presenca de nitrogénio na quitina (ROBERTS, 1992).

Em torno de 1823, os pesquisadores Odier e Children relataram que isolaram a
quitina através de maultiplos tratamentos com solugdes de hidroxido de potassio
concentrado. Entretanto, certamente foi isolado quitosana ao invés de quitina, uma vez
que, a quitina em meio alcalino concentrado pode sofrer desacetilacdo. A quitosana foi
descrita pela primeira vez em 1859 por Rouget. Essa denominacgdo foi proposta por
Hoppe-Seyler porque a quitosana possui quantidade de nitrogénio igual a quitina
original (ROBERTS, 1992).

A quitosana foi produzida industrialmente por volta de 1971, no Japdo e EUA,
paises lideres do mercado mundial. Por volta de 1993 o Brasil também passou a
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comercializar quitina e quitosana em larga escala. Duas empresas brasileiras tem se
destacado na producgdo e comercializacdo destes biopolimeros como Polymar Industria
Comeércio Exportacdo e Importacdo, situada em Fortaleza-CE e Kito Quimica Fina,
localizada em Palhoga-SC (SANTQOS, 2004).

Apols a celulose, a quitina é considerada o biopolimero mais abundante e
largamente distribuido na natureza, estando presente como elemento estrutural em
animais invertebrados, em algas diatomaceas, na maioria dos artrépodes e na parede
celular de fungos das classes Ascomycetos, Basidiomycetos, Deuteromycetos, e
principalmente Zygomycetes, ordem Mucorales (FRANCO et al., 2005; CAMPANA-
FILHO et al., 2007; STAMFORD et al., 2008). Lulas, caranguejos, camardes, lagostas
e ostras apresentam em sua constituicdo 10 a 15 % de peso seco de quitina, ja fungos da
ordem Mucorales possuem na constituicdo da sua parede celular, além da quitina, o
derivado desacetilado deste biopolimero denominado quitosana (22 a 44 %) (Andrade et
al., 2003). A quitosana, forma deacetilada da quitina, é encontrada naturalmente na
parede celular de fungos, principalmente aqueles da classe Zygomycetes (STAMFORD
et al., 2007; FAI et al., 2008), que podem apresentar até 50% deste polimero na sua
estrutura (ZAMANI et al., 2010).

1.2.  Caracteristicas fisico-quimicas da quitina e quitosana

A quitina é um biopolimero linear formado por unidades repetitivas de p- 1,4 N-
acetilglicosamina (ANDRADE et al., 2003) ou também descrito como unidades
repetitivas de 2-acetamido-2-desoxi-D-glicopiranose com 5 a 10% de unidades 2-
amino-2-desoxi-D-glicopiranose unidas por ligagdo glicosidica do tipo P(1—4)
(CAMPANA-FILHO et al., 2007) (Figura 1).

Esse polissacarideo natural possui uma fase cristalina organizada, como
comprovada por difracdo de raios-X. A estrutura da quitina ocorre em trés diferentes
formas denominadas a, B e y (Figura 2), as quais diferem no arranjo de suas cadeias nas
regibes cristalinas. As trés estruturas polimorficas estdo possivelmente relacionadas a
diferentes fungdes no organismo. A forma o € encontrada onde ¢ necessdria uma
extrema dureza (resisténcia), como em cuticulas de artropodes e frequentemente, €
associada com proteinas e/ou materiais inorganicos. As formas B e y proporcionam

flexibilidade e dureza. A forma dominante, a - quitina ¢ mais estavel que as forma 3 e v,
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entretanto estas ultimas podem ser convertidas a forma a por tratamentos adequados

(ANTONINO, 2007).

Figura 1. Estrutura da quitina. Fonte: DUTTA et al., 2004.

As cadeias polimorficas de quitina correspondem a diferentes arranjos no estado
solido, decorrentes de disposicOes distintas das cadeias do polimero nas lamelas ou
folhas que constituem os dominios cristalinos (Figura 2). A a-quitina corresponde a um
empacotamento denso resultante da disposicdo antiparalela das cadeias poliméricas em
diferentes lamelas ou folhas, o que favorece a existéncia de numerosas ligacoes
hidrogénio inter- e intra-cadeias da mesma lamela e de lamelas vizinhas. Na -quitina as
cadeias pertencentes a diferentes lamelas dispdem-se paralelamente, o que dificulta o
estabelecimento de ligacdes hidrogénio intermoleculares envolvendo cadeias de lamelas
adjacentes e resulta em material menos densamente empacotado. Em y-quitina parece
ocorrer uma combina¢@o dos dois arranjos presentes na o-quitina e B-quitina pois as
cadeias de duas lamelas em disposicdo paralela sdo intercaladas por lamela em que as
cadeias se dispdem antiparalelamente. Essa estrutura é a menos estudada e a literatura
sugere que pode ser uma distorcdo das duas estruturas anteriores (CAMPANA-FILHO
et al., 2007).
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o Quitina B Quitina y Quitina

Figura 2. Estruturas polimorficas da quitina. Fonte: ANTONINO, 2007.

A quitina € insolivel em meio aquoso e na maioria dos solventes organicos, tem
baixa reatividade quimica (LARANJEIRA & FAVERE, 2009), é rigida, inelastica e de
coloracdo branca (DUTTA et al., 2004).

A quitosana € um polimero linear de -1,4-D-glicosamina, ligado por residuos de
N-acetil-D-glicosamina (Figura 3), derivada da desacetilizacdo da quitina, com uma
configuracdo tridimensional helicoidal estabilizada por ligacdes de hidrogénio
intramolecular (KAS, 1997). Esse polimero é soltuvel em solucdes aquosas diluidas de
acidos organicos e inorganicos e dependendo do processo de desacetilagdo, da perda do
grupo acetil, ela pode apresentar véarios graus de acetilacio (ANDRADE et al., 2003;
SYNOWIECKI & AL-KHATEEB, 2003). Através de estudos de raios-X, pode-se
observar que a cristalinidade da quitina e da quitosana depende do grau de acetilacdo e
do processo de extragdo utilizado. Em relagéo a estrutura espacial da quitosana, ela pode
se apresentar na forma hidratada, anidra, como complexos ou sais de quitosana
(ANTONINO, 2007).

H NH H
H H CH0H

Figura 3. Estrutura da quitosana. Fonte: ANTONINO et al., 2007.
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1.3. Propriedades e formas de obtencao da quitosana

O polimero quitosana apresenta excelente biocompatibilidade; quase nenhuma
toxicidade ao ser humano e animais; alta bioatividade; biodegradabilidade; reatividade
do grupo amino desacetilado; permeabilidade seletiva; acdo polieletrolitica; atividade
antimicrobiana; habilidade em formar gel e filme; habilidade de quelacdo e capacidade
adsortiva (SYNOWIECKI & AL-KHATEEB, 2003; THARANATHAN & KITTUR,
2003; SINGH et al., 2008).

Devido as suas propriedades a quitosana vem sendo utilizada na preservacao de
alimentos (SHAHIDI et al., 1999; FRANCO et al., 2004; DUTTA et al., 2004); na
indUstria farmacéutica; na biomedicina devido a sua capacidade antibacteriana e
antifngica contra microrganismos patdgenos do homem e também a sua capacidade de
inibir a proliferacdo de células cancerigenas (KUMAR et al., 2012); no clareamento de
sucos; na fabricacdo de embalagens (SHAHIDI et al., 1999; FRANCO et al., 2004); na
biorremediagéo por adsorcdo de corantes (PIRILLO et al., 2009; NESIC et al., 2012),
metais pesados, e outros residuos poluentes no meio ambiente; na agricultura (BERGER
et al., 2011a), como antifungico (SAJOMSANG et al., 2012; YANG et al., 2012), na
preservacdo de frutas, legumes e sementes contra a deteriorizagdo por microrganismos,
para estimular o sistema imune da planta, proteger a planta contra o ataque de patdgenos
(GHAOUTH et al., 1992; BADAWY & RABEA, 2008; HERNANDEZ-LAUZARDO
et al., 2008), favorecer o seu crescimento e consequentemente aumentar a produgdo
vegetal (OTHA et al.,2000; RABEA et al.,2003; BOONLERTNIRUM et al. 2008;
ABDEL-MAWGOUD et al., 2010). Entretanto, a eficiéncia da quitosana depende da
sua massa molecular, grau de desacetilacdo, cristalinidade, solubilidade e de seus
produtos derivados (CHATTERJEE et al., 2005).

Atualmente, a fonte tradicional de quitina e quitosana explorada a nivel
comercial tem sido a carapaca de caranguejos e cascas de camarao, oriundas de residuos
da indUstria pesqueira que processam estes crustaceos (FAI et al., 2008). Por outro lado,
a alternativa de obtencdo de quitina e quitosana extraidas da biomassa de fungos ainda
permanece pouco utilizada pela industria (ANDRADE et al., 2003).

A quitosana pode ser obtida através do processo de desacetilagdo termoquimica
responsavel pela remocdo do grupo acetamido da quitina extraida da carapaga de
crustaceos. Devido a alta cristalinidade e insolubilidade da quitina, este processo utiliza
etapas de desmineralizagdo e desacetilagdo com acidos e bases fortes que podem causar
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parcial desacetilacdo da quitina e hidrolise do polimero devido ao acesso limitado aos
seus sitios reativos, resultando em produtos finais com propriedades inconsistentes, ou
seja, produtos heterogéneos com diferentes massas moleculares e graus de
desacetilacdo; além disso, essas solugdes alcalinas fortes sdo fontes de poluicdo para o
meio ambiente (CAMPANA-FILHO et al., 2007) e os residuos de proteinas no produto
final podem causar rea¢des alérgicas no ser humano (FRANCO, 2000; AMORIN et al.,
2001). Desse modo, a natureza do produto obtido depende do processo quimico
utilizado (KAFETZOPOULOS et al., 1993; ANDRADE et al., 2003; CAl et al., 2006).

O método de desacetilagdo enzimatica da quitina tem sido estudado para
obtencdo do biolpolimero quitosana com caracteristicas padronizadas e ideais para
aplicagdo com determinada finalidade (KAFETZOPOULOS et al., 1993;
CHATTERJEE et al., 2005). Esse processo desacetilacdo da quitina, ao contrario da
desacetilacdo termoqguimica, ocorre naturalmente em fungos da ordem Mucorales com a
participacdo de duas enzimas, a quitina desacetilase e a quitina sintetase (SILVA et al.,
2007). A desacetilacdo enzimatica utiliza condi¢cBes mais brandas que supera a maioria
das desvantagens encontradas no processo de desacetilacdo alcalino. Muitos trabalhos
tem sido desenvolvidos sobre as caracteristicas e atividade da quitina desacetilase e sua
funcdo na biossintese de quitosana na parede celular do fungo, visando o aumento da
producdo microbioldgica deste polimero (CAI et al., 2006; PAREEK et al., 2011a;
PAREEK et al., 2011b; SURESH et al., 2011).

A producdo de quitina e quitosana a partir da biomassa micelial de fungos da
ordem Mucorales pode ser uma alternativa por apresentar algumas vantagens como:
extracdo simultanea de quitina e quitosana, ser um processo facil e economicamente
viavel, ndo apresentar contaminacdo por proteinas, independéncia dos fatores de
sazonalidade, producdo em larga escala, com facil controle do pH e da concentracéo de
nutrientes no meio fermentativo (CAMPOS-TAKAKI, 1984; CAMPOS-TAKAKI,
2005; AMORIN et al., 2006; FRANCO et al., 2005; STAMFORD, et al., 2007).

1.4. Produc¢do microbioldgica de quitina e quitosana

O conteudo de quitina presente na parede celular dos fungos varia entre as
diferentes espécies (Tabela 1). Muitos estudos tem sido realizados para verificar a
possibilidade de utilizacdo da biomassa de fungos, principalmente da ordem Mucorales,
classe Zygomycetes, como fonte alternativa de quitina e quitosana. Muitos destes
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trabalhos testam modelos simples para verificar a producdo de quitina e quitosana, ou
seja, experimentos que adotam a abordagem univariada, estudando apenas uma variavel
de cada vez durante o processo fermentativo, como por exemplo, tempo de cultivo,
agitacdo, pH, temperatura e concentracdo de determinado nutriente. Por outro lado, nos
ultimos anos o interesse por métodos cientificos que diminuam os ndmeros de ensaios e
aumentem a preciséo dos resultados tem sido cada vez maior. Desse modo, abordagem
multivariada, ou a seja, a utilizacdo do planejamento fatorial, permite a observacdo dos
efeitos sinérgicos entre as variaveis independentes analisadas, uma vez que, todas as
varidveis sdo consideradas simultaneamente, resultando ao final na obtencdo da
condicéo otimizada (RODRIGUES & IEMMA, 2005).

O crescimento de varias espécies de fungos, principalmente os representantes da
classe Zygomycetes, ordem Mucorales ¢é avaliado em varios trabalhos que visam maior
producdo de biomassa e, consequentemente, incremento nos rendimentos obtidos de
quitina e quitosana microbioldgica. Para isso, muitos meios de cultura sintéticos e
alternativos tem sido testados como mostra a tabela 1. Entre esses meios alternativos
estdo residuos de inddstrias, e produtos ou residuos agroindustriais como jacatupé
(STAMFORD et al., 2007; FAI et al., 2011); milhocina (LINS et al., 2010; BERGER et
al., 2011b; CARDOQOSO et al., 2012) e manipueira (BERGER et al., 2011b).
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Tabela 1. Substratos, biomassa, quitina,

obtidos a partir de varios estudos.

quitosana e grau de desacetilacdo

Microrganismo Substrato Biomas  Quitina Quitosana Grau de Referéncia
sa Desacetilacdo
Cunninghamella Hesseltine et 10,41 288 mg/g NA NA Andrade et al.
elegans Anderson (1957) g/L (28,8 %) 2000
modificado
Mucor javanicus Hesseltine et 8,71¢g/L 23,9% NA NA Andrade et al.,
Anderson (1957) (239 mg/g) 2003
modificado
Mucor rouxii MSM, YPG, NA NA MSM PDB (89,9 %), Chatterjee et
PDB (061g/L) MSM (87,2%) al., 2005
PDB (0,51 e YPG
g/L) YPG (82,2%),
(0,56 g/L)
Cunninghamella Meio a base de 24,3 g/L 440mg/g 66mg/g 6,2% Stamford et al.
elegans jacatupé (quitina), 85% 2007
(Pachyrhizus (quitosana)
erosus L. Urban)
Meio Hesseltine NA 92mg/g 13mg/g 78 % Cardoso et al.
et Anderson (2010)
Rhizopus arrhizus (1957)
Meio Andrade et NA 94mglg 14mglg 95% Cardoso et al.
al.(2000) (2010)
Rhizopus arrhizus
Rhizopus arrhizus ~ Milhocina 4% 13,1g/L 30,4 mg/g 12,85 95% Lins et al
ma/g (2010)
Rhizomucor Sabouraod 4,1 (g NA 13,67% 98,6% Tajdini et al.
miehei dextrose (SDB) (36,7 (2010)
mg/g)
Mucor racemosus  Sabouraod 3,8(0Y) NA 11,72% 97,1% Tajdini et al.
dextrose (SDB) 117 mg/g) (2010)
Rhizopus arrhizus  Milhocina e 880g/L 54,38mg/g 20,51 82% Berger et al.
manipueira mg/g (quitosana), (2011b)
25% (quitina)
Mucor Yam bean 20,7g/L 500 mg/g 64 mg/g 83% DD Fai et al,
circinelloides (jacatupé) 2011
Rhizopus arrhizus ~ Milhocina e mel 20,6 g/L NA 29,3 mg/g 86% Cardoso et al.

de abelha

(2012)

*MSM: Molasses salt medium, YPG: Yeast peptone glucose medium, PDB: Potato dextrose broth
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1.4.1. Producao de quitina e quitosana microbiologica com substratos sintéticos

ANDRADE et al., 2000 e ANDRADE et al., 2003 observaram o crescimento e
producdo de quitina por Cunninghamella elegans e Mucor javanicus (Zygomycetes),
respectivamente, através de um planejameto fatorial 2* variando o tempo, e as
concentragOes de D-glicose, L-asparagina e tiamina dos meios de cultivo. Em ambos 0s
experimentos conduzidos com Cunninghamella elegans e Mucor javanicus, ndo foi
observada nenhuma interacdo significativa entre as variaveis, ou seja, os efeitos
principais podem ser interpretados separadamente. O rendimento de quitina aumentou
quando qualquer uma das quatro varidveis testadas foi alterada do menor para 0 maior
nivel. Desse modo, foi observado nestes experimentos que a condicdo que mais
proporcionou o crescimento de M. javanicus (8,71 g/L) e C. elegans (10,41 g/L) e
aumentou o rendimento da quitina de 23,9% e 28,8% extraidas de M. javanicus e C.
elegans, respectivamente, foi a condicdo que apresentou todas as variaveis
independentes no maior nivel. M. javanicus e C. elegans podem ser consideradas
promissoras fontes de quitina sendo alternativas para substituir a extracdo deste
biopolimero por residuos da inddstria pesqueira.

CHATTERJEE et al.(2005) realizou experimento de abordagem univariada,
estudando apenas uma variavel de cada vez durante o processo fermentativo, neste caso
0 meio de cultura. Outra espécie do género Mucor, M. rouxii, também foi avaliada
qguanto ao seu crescimento e potencial para producdo de quitosana em trés diferentes
meios de cultivo, sendo: meio salino com melagco (MSM); meio com extrato de
levedura, peptona e glicose (YPG); e meio com batata, dextrose e agar (BDA). O meio
MSM para M. rouxii foi considerado mais promissor por ser mais viavel
economicamente e o rendimento e a qualidade da quitosana sao superiores em relacdo a
quitosana dos outros dois meios. Assim, segundo os autores 0 meio de cultura e as
condicgdes de fermentacdo podem ser manipulados para melhor produgédo e qualidade
fisico-quimica da quitosana.

LOGESH AR et al. (2012) sugerem o fungo Aspergillus niger como um
promissor microrganismo produtor de quitosana. Os autores observaram que A. niger
cultivado em meio BD (batata dextrose) sem e com diferentes concentracdes de glicose
de 2 a 12%, e em 12 dias apresentou maior rendimento de quitosana equivalemte a 1,34
g/L. Entretanto, maior producdo desse biopolimero (1,93 g/L) foi obtida com esse fungo
cultivado em meio BD acrescido de 10% glicose. Os autores colocam que a presenca de
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glicose no meio de cultivo influencia a producédo de quitosana e que o crescimento desse
fungo e a producéo de quitosana foram favorecidos com o aumento da concentracdo de
glicose no meio. LOGESH AR et al. (2012) sugerem que as condic¢es de cultivo

influenciam a producéo desse biopolimero.

1.4.2. Producéo de quitina e quitosana microbioldgica com susbtratos alternativos

Apesar da utilizacdo de meios de cultura sintéticos para fermentacdo de fungos e
consequente producdo de quitina e quitosana como demonstardo por AMORIN et al.
(2001); POCHANAVANICH & SUNTORNSUK (2002); FRANCO et al. (2005);
SILVA et al. (2006); SILVA et al. (2007); CARDOSO et al. (2010), a substituigdo
destes meios por substratos alternativos de baixo custo mostram-se favoraveis para uma
futura producdo em larga escala destes biopolimeros (AMORIN et al., 2006;
STAMFORD et al., 2007; KLEKAYAI & SUNTORNSUK, 2010; FAl et al., 2011).

Um dos trabalhos envolvendo meios economicamente viéveis foi realizado por
FAI et al., (2011) com a utilizacdo de jacatupé (Pachyrhizus erosus L. Urban) como
substrato alternativo para o crescimento e producdo de quitina e quitosana por Mucor
circinelloides. Os autores observaram rapido crescimento do fungo em 48 h, com maior
producdo de biomassa (20,7 g/L) apds 72 h de cultivo. Ap6s 48 h de cultivo obteve-se a
maior producdo de quitosana (64 mg/g ou 6,4%) e ap06s 72 h para a quitina (500 mg/g or
50%). A maior producdo de quitosana em 48h de crescimento de Mucor circinelloides
sugeriu que durante o inicio do crescimento a quitina € menos cristalina e,
consequentemente, mais susceptivel a acdo da quitina desacetilase. Durante essas 48h o
pH entre 5-4 do meio de cultivo provavelmente favoreceu a atividade desta enzima,
assim como ja confirmado por AMORIN et al. (2005) que considerou o pH étimo de
4,5 para a atividade da quitina desacetilase de Zygomycetes.

CHATERJJE et al. (2005) consideraram que a composi¢do do meio de cultura
influencia na producdo de quitosana, por outro lado, FAI et al. 2011 propde que o
crescimento de microrganismos é fortemente dependente das condi¢Bes de cultivo,
inclusive do tempo de incubagdo. De acordo com esses autores, a influencia dessas
variaveis na producdo de quitosana também foram observadas por NADARAJAH et al.
(2001), POCHANAVANICH & SUNTORNSUK (2002), AMORIN et al. (2006), e
STAMFORD et al. (2007).
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A producdo de quitosana também foi observada em fermentacdo com substrato
solido a base de batata doce (Manihot esculenta) e solucdo mineral suplementada com
diferentes quantidades de uréia. O fungo Gongronella butleri apresentou aumento na
producdo de biomassa de 40 g/kg de batata doce suplementado com 7,2 g de ureia
porém, quantidades maiores de uréia afetaram negativamente o crescimento desse
fungo. O mais alto rendimento de quitosana (11,4¢9/100g de micélio) foi obtido na
presenca de e 14,3 g de uréia/kg de batata doce, mas 7,2 g de uréia/kg de batata doce
também apresentou rendimento de quitosana similar, assim como, o grau de acetilacédo
de 11% em ambas as condicdes. A quantidade de uréia adicionada influenciou no pH do
meio de cultura e, consequentemente, no crescimento de G. butleri, bem como no
rendimento e massa molecular da quitosana (NWE et al., 2004).

Outros meios alternativos de baixo custo também foram testados por varios
autores (AMORIN et al., 2006; STAMFORD et al.,, 2007; ZAMANI et al., 2007;
KLEEKAYAI & SUNTORNSUK, 2010; LINS et al., 2010; BERGER et al., 2011b;
BERGER et al., 2012). Entre os substratos utilizados para composicdo desses meios,
estdo os residuos agroindustrias como, por exemplo, a milhocina, residuo da industria
de processamento do milho que possui grande quantidade de aminoacido, vitaminas e
minerais (CARDOSO, 2007); e a manipueira, liquido amarelado obtido da mandioca
durante o seu processamento nas fabricas de farinha de mandioca, o qual é rico em
potassio, nitrogénio, magnésio, fosforo, calcio e enxofre (PONTE, 2006).

BERGER et al. (2011b), através da andlise estatistica multivariada, realizou
planejamento fatorial 22 para observar a influéncia das concentragdes de milhocina e
manipueira no crescimento e producédo de quitina e quitosana de Rhizopus arrhizus UCP
402. A maior producdo de biomassa (8,80 g/L), quitina (54,38 mg/g) e quitosana (20,51
mg/g) foram obtidos na condicdo experimental que apresentava maiores concentracoes
de milhocina e menores concentracfes de manipueira. Através desses resultados os
autores observaram que, estatisticamente, a milhocina influenciou positivamente no
aumento da produgdo das variaveis dependentes (biomassa, quitina e quitosana) e a
manipueira mostrou efeito contrario. Desse modo, as concentr¢cdes do meio de cultivo
podem ser manipuladas para a maior da producgéo deste biopolimeros.

Trabalho semelhante ao de BERGER et al. (2011b) foi realizado por
CARDOSO et al. (2012) com 0 mesmo microrganismo, Rhizopus arrhizus UCP 402, no
entanto, foi utilizado milhocina e mel de abelha como fontes agroindustrias de carbono

e nitrogénio, e como variaveis independentes em planejamento factorial 22. Os maiores
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rendimentos de biomassa (20,6 g¢g/L) e quitosana (29,3 mg/g) foram obtidos nas
condigdes com milhocina 8% e mel de abelha 6%, e com milhocina 6% e mel de abelha
13,24%, respectivamente. E através da analise estatistica foi observado que a interagédo
entre milhocina e mel de abelha favoreceu a maior producao de quitosana. Desse modo,
a realizacdo de experimentos com abordagem multivariada pode facilitar a obtencdo do
meio de cultura otimizado para producéo destes biopolimeros.

TAJDINI et al. (2010) avaliaram a producdo de quitosana para outros dois
fungos, Rhizomucor miehei e Mucor racemosus da ordem Mucorales, classe
Zygomycetes. Rhizomucor miehei apresentou maior producdo de biomassa e quitosana
(13,67%). As andlises de espectro de infravermelho das quitosanas dos dois fungos
foram semelhantes aos da quitosana de crustaceo e de outras quitosanas de fungos de
outros trabalhos. Além da extracdo de quitosana, também foi realizada a purificacdo e a
desacetilacdo da quitosana extraida utilizando NaOH e NaBHi. A finalidade da
purificacdo e desacetilacdo foi alcancada, uma vez que, as quitosanas dos dois fungos
tiveram seu grau de desacetilagdo aumentado com este processo de 80,6% para 98,6%
de desacetilacdo e 84,4% para 97,1% de desacetilacdo para R. miehei e M. racemosus,
respectivamente.

De acordo com TAJDINI et al. (2010) o método de extracdo de quitosana
fangica simples e répido é mais viavel que o método habitualmente utilizado para
extracdo de quitosana de crustaceo, considerado dispendioso e demorado; e que 0s
fungos podem ser considerados uma fonte alternativa e promissora de quitosana. Além
disso, é possivel observar que a realizagcdo de um pratico procedimento de purificacdo e
desacetilacdo desse biopolimero, ap6s sua extracdo, proporciona maior grau de
desacetilagdo, o que pode favorecer suas futuras aplicacbes em vérias areas; como
relatado por CHATTERJEE et al. (2005) que considera a eficiéncia da quitosana
depende de varias de suas proprias caracteristicas, inclusive do seu grau de
desacetilacao.

O método de extracdo de quitina e quitosana fungica também pode influenciar
no rendimento final destes biopolimeros como observado no trabalho desenvolvido por
LINS et al. (2010). Esses autores observaram que entre os fungos Mucor javanicus,
Mucor circinelloides, Rhizopus oryzae e Rhizopus arrhizus, estes Gltimos mostraram
maiores valores de biomassa (8,0 e 13,1 g/L, respectivamente) em meio de cultura com
milhocina 4%. Além disso, 0 método de extracdo de quitina e quitosana proposto por
HU et al. (2004) proporcionou maior rendimento de quitosana, ja 0 método descrito por
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ZAMANI et al. (2007) extraiu, da maioria das biomassas, elevada quantidade de

quitina.

1.5. Metal pesado no meio ambiente

O meio ambiente cada vez mais tem sido exposto a polui¢cdo ocasionada pelo
crescimento industrial e populacional. Um exemplo é a exploracdo desordenada dos
recursos hidricos por atividades humanas que poluem a agua com pesticidas, metais
pesados, corantes, derivados do petroleo, esgotos domésticos e residuos industriais
(MORAES, 2009).

Os metais pesados s@o elementos tracos presentes na litosfera em concentractes
menores do que 0,1%. S&o designados metais pesados aqueles elementos que
apresentam peso especifico maior que 6 g/ cm®ou que possuem nimero atdmico maior
que 20. Alguns dos metais mais toxicos sdo mercurio (Hg), chumbo (Pb), cddmio (Cd),
cobre (Cu), niquel (Ni) e cobalto (Co). O que distingue os metais pesados dos outros
elementos toxicos sdo sua ndo biodegradabilidade e sua toxicidade que depende de suas
propriedades fisicas e quimicas, como por exemplo o estado de oxidacdo dos metais que
determina a mobilidade, biodisponibilidade e toxicidades destes elementos (COSTA et
al., 2006).

Os metais pesados sd0 necessarios na manutencdo a salde dos seres vivos em
concentragdes minimas (sdo denominados oligoelementos ou micronutrientes).
Entretanto, sdo considerados poluentes conservativos porque ndo sdo degradados por
microrganismos ou por qualquer outro processo, o que facilita seu acumulo
desordenado no meio ambiente (IGWE & ABIA, 2006). Quantidades em excesso destes
elementos (normalmente acima de dez vezes a quantidade ndo toxica) provocam efeitos
deletérios na natureza e devido a toxicidade, tendéncia a acumulacdo, a solubilidade e
mobilidade, eles podem interferir ao longo da cadeia alimentar atingindo,
consequentemente, a saude humana (TOREM et al., 2005).

Entre os 59 elementos considerados na literatura como metais pesados, nove
(Ag, Cd, Cu, Hg, Ni, Pb, Sbh, Sn, Zn) tem recebido atengédo especial devido ao seu grau
de toxicidade e elevadas taxas de liberacdo dos mesmos no meio ambiente (TOREM et
al., 2005). Os metais pesados podem provocar serios danos a satude humana como, por

exemplo: desidratacdo, problemas estomacais, nauseas, desmaios, destrui¢do do sistema
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nervoso, irritagdo no pulméo e nos olhos, erupcdo na pele, dor abdominal, insuficiéncia
pulmonar e danos ao figado (HAIDER & PARK, 2009).

Os procedimentos habituais de remocdo desses metais sdo processos fisico-
quimicos de precipitacdo, troca ibnica, floculacdo, eletrolise, cristalizacdo, e extracédo
por solventes. Contudo, essas técnicas convencionais S&o inviaveis para a
descontaminagdo de grandes volumes de efluentes contendo metais pesado em baixas
concentracOes, devido a sua reduzida eficiéncia operacional e aos elevados custos de
extracdo; e também estas técnicas podem contribuir para a formacdo de novos
contaminantes prejudiciais a0 meio ambiente, e consequentemente, a salde humana
(FRANCO et al., 2000; TOREM et al., 2005; QUINTELAS, 2007; QUINTELAS et al.,
2008).

Diante da crescente geracdo de efluentes que poluem o meio ambiente, torna-se
imprescindivel a realizacdo de estudos visando o aperfeicoamento e a elaboracdo de
novas técnicas de despoluicdo. Em se tratando da poluicdo provocada por metais
pesados em aguas residuais, a técnica de adsor¢do é geralmente considerada a mais
apropriada porque consegue remover poluentes organicos e inorganicos. O adsorvente
mais utilizado é o carvdo ativado mas, sua aplicacdo em grande escala nos tratamentos
de adsorc¢do de poluentes apresenta alto custo sendo invidvel economicamente; assim, é
importante a busca por adsorventes de baixo custo (FRANCO et al., 2004,
BHATNAGAR & SILLANPAA, 2009).

Os métodos biologicos baseados no uso de microrganismos tém sido
desenvolvidos e considerados uma alternativa promissora para a remocao e recuperagédo
de metais pesados (FRANCO et al., 2004,COLLA et al., 2012). Um exemplo é a
técnica de biorremediacdo através da adsorcdo dos metais pesados com biosorventes
que, ao contrario dos outros procedimentos, apresenta baixa geracdo de residuos, facil
recuperacdo dos metais e a possibilidade de reutilizacdo do adsorvente. A
biorremediagdo utiliza microrganismos livres, imobilizados, como biomassas de
bactérias (WIERBA, 2010), de fungos (FRANCO et al., 2004; COLLA et al., 2012), ou
apenas 0s produtos obtidos a partir destes, como os biopolimeros.

Desse modo, a busca por tecnologias ecologicamente corretas, menos agressivas
ao ambiente tem se mostrado uma alternativa promissora, como por exemplo, as
pesquisas com polimeros naturais (CARVALHO, 2006; ROSA & WALLAU, 2008).
Entre esses destaca-se a quitosana que apresenta capacidade de adsorver metais pesados,

como foi comentado anteriormente.
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1.6. Aplicacdo de varias formas de quitosana na biorremediacdo de metal

pesado

Atualmente, muitas pesquisas vém sugerindo que a quitosana pode ser material
alternativo para aplicacdes na biorremediacdo de metais pesados na agua, por apresentar
a habilidade de quelar ions devido atragdo eletrostatica dos anions pelos grupos aminos
protonados em solucdo acida (GUIBAL, 2004). Os grupos amino também possuem
pares de elétrons disponiveis para coordenacdo dos ions metalicos, atuando como uma
base de Lewis (BENGUELLA & BENAISSA, 2002). Além disso, a quitina e a
quitosana possuem grupos hidroxilas livres nas suas moléculas também disponiveis para
interagir com os metais pesados. Portanto, o grau de desacetilacdo e a massa molecular
sdo caracteristicas indicadoras da quantidade de grupos amina na molécula desses
polimeros, o que interfere diretamente nas suas capacidades para maior remocao de ions
metélicos (BATISTA, 2011). Ao contrério da quitina, a quitosana apresenta superior
capacidade para adsor¢do de metais pesados devido ao seu maior contetdo de gupos
amino (WU et al., 2010).

O complexo quitosana-metal pesado pode ser descrito como dois ou mais grupos
amina ligando-se ao mesmo ion metalico, modelo conhecido como modelo de ponte. De
acordo com este modelo de ponte, a complexacdo intra ou intermolecular pode ocorrer
entre o ion metalico e o grupo amina de cadeias iguais ou diferentes. Outro experimento
sugere que apenas um grupo amina estd envolvido na ligacdo e o ion metalico esta
ligado ao grupo amina como um pendente, este é 0 modelo pendente (EMARA et al.,
2011).

FRANCO et al. (2004) observou que a quitosana extraida de Cunninghamella
elegans apresentou alta capacidade para adsorcdo de cobre e que este processo €
influenciado pelo pH da solugcdo metalica, com o melhor resultado observado em
condigdes com pH 4. Além da utilizacdo da quitosana pura no processo de adosrcao de
ions metalicos, alguns trabalhos procuram otimizar esta capacidade através de diferentes
modos de aplicagdo deste polimero: quimicamente modificado (CARDENAS et al.,
2001; TABAKCI & YILMAZ, 2008; BHATNAGAR & SILLANPAA, 2009; EMARA
et al., 2011; WU et al., 2010); aderido a superficie de esferas de vidro (LIU et al.,
2002); na forma de nanotubos (SALAM et al., 2011); microesferas (ZHOU et al.,
2009); nanofibras (DESAI et al., 2009) e membranas (BARONI et al., 2008).
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Algumas modificacdes quimicas da quitosana podem ocasionar, ou ndo, menor
capacidade de adsor¢do de ions metélicos, mas também podem proporcionar maior
durabilidade do polimero em solugdes &cidas (pH menor que 2). Muitas vezes isso
ocorre porque certos grupos —NH. da cadeia polimerica estdo envolvidos nestas
modificacdes, e ficam impossibilitados de interagir com os ions metalicos. Entretanto,
isso pode ser revertido através do uso de agentes que apresentam grupos com a mesma
capacidade de adsorcdo, como: hidroxila (OH"), carboxila (-COOH) e amino (-NH>2). A
interacdo da quitosana com gluteraldeido (presenca de -NH2) resultou na maior
adsorcdo de Cd?* em comparacdo com a quitosana sem modificacdes, como observado
no estudo desenvolvido por WU et al., 2010. Outra modificagdo da quitosana com
oligdbmeros de Calix [n] arenos formando calix [4] areno-base de quitosana (C[4]BCP)
apresentou maior rendimento de sorcdo dos cations metalicos (Co?*, Ni?*, Cu?*, Cd?* ,
Hg?* , Pb?") e estabilidade para meios acidos (TABAKCI & YILMAZ, 2008).

Os nanotubos de carbono modificados com quitosana também podem adsorver e
remover metais pesados do ambiente aquoso, como por exemplo, ions de cobre, zinco,
cadmio, e niquel presentes em solucdo aquosa. Esse nanocomposto apresentam
caracteristicas favoraveis para adsorcdo de metais como aumento da area superficial e
maior quantidade de sitios ativos para ligacdo destes ions (EMARA et al., 2011).

A quitosana na forma de nanofibras também sdo de consideravel interesse nos
processos de adsorcdo de ions metalicos (WANNGAMH et al., 2002) porque apresentam
caracteristicas desejaveis, como grande area de superficie especifica, alta porosidade
(MIN et al., 2004; SHELMA et al., 2008), e capacidade para serem recuperadas ap6s 0
processo de remocéo destes poluentes (HAIDER & PARK, 2009; JAYAKUMAR et al.,
2010; KUO, TSAI, 2010). Além disso, a aplicacdo de nanofibras de quitosana nédo
acarreta perda das propriedades originais deste biopolimero como biocompatibilidade,
hidrofilicidade, bioatividade, e ndo toxicidade (HAIDER & PARK, 2009). As
nanofibras de quitosana também s&o mais eficientes na remog¢do de microrganismos
patogénicos e particulas contaminantes do ar e &gua, devido a sua maior area
superficial, quando comparada com as nanofibras de polimeros sintéticos (DESAI et al.,
2009).

As microesferas de quitosana tambem sdo consideradas alternativas mais
eficientes para aplicacdo na adsor¢do de metais pesados, devido a sua grande area
superficial de aproximadamente 100 vezes maior do que a quitosana em flocos. Elas

também possuem cinética de adsorcdo mais rapida e maior facilidade de manuseio e
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operacdo (DIAS et al., 2008; LEITE et al., 2005). Essas microesferas ainda podem ser
quimicamente modificadas com tioureia, apresentando eficiéncia na biorremediagédo de
Hg?*, Cu?'e Ni**. (ZHOU et al., 2009), e aquelas produzidas com N-carboximetil-
quitosana foram eficientes na adsorcéo de Cd?* (LEITE et al., 2005).

Além da utilizacdo direta das membranas de quitosana em processos de remogéo
de metais em &gua, estes materias também podem ser produzidas com a incorporagao de
ions metalicos como cobre, zinco e magnésio, sem alteracdo visivel dos grupos
funcionais deste polimero, mas com maior reducdo da flexibilidade e maior fragilidade
deste material devido a formacéo de ligacGes intermoleculares entre a quitosana e 0s
metais (CARDOSO et al., 2012).

Dentre 0s metais pesados 0 cadmio apresenta alta toxicidade em baixas
concentracdes e polui os recursos hidricos atraves das descargas de efluentes industriais,
principalmente os produzidos pelas galvanoplastias, mineracGes, producdo de
pigmentos, plasticos, pilhas, soldas, fabricacdo de aluminio, equipamentos eletrénicos,
lubrificantes, inseticidas e acessorios fotograficos. Os efeitos prejudiciais do cadmio na
salde humana incluem vérias desordens crénicas, como a doenca de itai-itai, danos
renais, enfisemas, hipertensdo, cancer, e atrofia testicular (COLLA et al., 2012).

A recuperacao de aguas contaminadas por esse metal pode ser realizadas com a
utilizacdo de quitosana na forma de membranas (ALIABADI et al., 2013),
nanoparticulas (HEIDARI et al., 2013), quitosana em po e misturada com carvao
ativado (HYDARI et al., 2012) e quitosana em gel ou em flocos; estudos demonstraram
que formas de uso da quitosana com maior &rea superficial proporcionam maior
adsorcdo de ions de cadmio (DZUL EROSA et al., 2001).

Desse modo, o biopolimero quitosana apresenta caracteristicas e propriedades
promissoras que favorecem sua aplicagdo em vérias areas, destacando-se neste trabalho
de tese o0 seu potencial para remocédo do metal pesado cadmio em agua. As membranas
de quitosana oferecem maior area de superficie especifica 0 que potencializa a
velocidade e a capacidade de interacdo com este ion metalico. Portanto, a selecdo de
melhores condicGes de cultivo dos fungos R. arrhizus e C. elegans para maior producgéo
de quitosana microbiologica favorece a aplicacdo deste polimero como membrana para
remocao de caddmio em solucdes aquosas, podendo se tornar uma alternativa promissora

para a economia e 0 meio ambiente.
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Chitin and chitosan are copolymers consisting of units N-acetil-D-glucosamine and D-
glucosamine in varying proportions, with the first type of these units are predominant in
the case of chitin, while chitosan is composed predominantly of D-glucosamine units. In
this investigation was compared the growth, chitin and chitosan production by Rhizopus
arrhizus and Cunninghamella elegans using different amount of carbon and nitrogen
source, represented by the concentrations of D-glucose, thiamine and L-asparagine.
These parameters were varied symmetrically around the central point according to the
23 factorial design. The extraction process involved deproteinization using 1M NaOH
solution, followed by treatment with acetic acid 2% solution. Different carbon and
nitrogen concentrations of the culture medium influenced the biomass, chitin and
chitosan yields, consequently, these independent variables can be manipulated during
the fermentation to possibility the optimal production of these biopolymers. The best
yield of chitin by R. arrhizus (135.17 mg/g) was inferior to C. elegans (235mg/qg).
However, the higher chitosan production by R. arrhizus (68.17 mg/g) was superior C.
elegans (46.18 mg/g).

Keywords Chitin; chitosan; production; extraction

1. Introduction

Chitin is a biopolymer of N-acetyl-d-glucosamine (GIcNAc) and d-glucosamine
residues linked by B-(1-4) glycosidic bonds [1], which is present as structural element in
the exoskeleton of crustaceans, mollusks, annelids, coelenterates, insects and fungal cell
walls, particularly of Zygomycetes [2]. The derivative form of chitin is the chitosan
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obtained by the deacetylation of chitin [3]. Chitosan is a cationic and linear polymer,
essentially composed of B-1,4 D-glucosamine (GIcNAc) linked to N-acetyl-D-
glucosamine residues [4].

Chitin and chitosan has been extensively studied as due to unique properties such
biodegradability, biocompatibility, biological activites, chemical applications [5], ability
to form films, metal chelations, optical and structural characteristics. Chitosan has been
used in medical applications, food, pharmaceutical, cosmetics, agricultural, textile,
waste water treatment, and other industries [6].

Most studies suggested the fungi as an alternative source for the chitin and
chitosan production, especially the order of Mucorales, Zygomycetes class [6] since
these biopolymers were found to be the main components of its cell wall [7], with
homogenous characteristics, a more consistent and desirable physiochemical property
[8]. The characteristics and yields of the chitin and chitosan may be optimized by
controlling fermentation and processing parameters such as pH, nutrient concentration
in the fermentation medium and length of incubation time. Generally, the composition
of culture media for chitosan production from fungi contain yeast extract, D-D-glucose,
and peptone [9]. The use of synthetic culture media to the growth of fungi and chitin
and chitosan production can be optimized through the use of multivariate approach,
where all independent variables are considered simultaneously. In this investigation, a
study was carried out to compare the growth, chitin and chitosan production by
Rhizopus arrhizus and Cunninghamella elegans using different amount of carbon and
nitrogen source, represented by the concentrations of D-glucose, L-asparagine and
minimal concentrations of thiamine. These independent variables were chosen as the
basis in the medium proposed by Hesseltine and Anderson (1957) [10]. These
parameters were varied symmetrically around the central point according to the 23

factorial design.

3. Methodology
2.1. Microorganism and growth conditions

Cunninghamella elegans UCP 542 and Rhizopus arrhizus UCP 402, registered at the
World Federation for Culture Collection — WFCC, were grown in Petri dishes

containing PDA, pH 5.6, and incubated at 28°C until sporulation (5 days). The spore
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solution (107 spores/ mL) were inoculated in Petri dishes with PDA for 18 hours. A total
of 20 discs with 1 cm in diameter were inoculated with the fungus, removed and placed
in 50mL of the desired medium used as pre-inoculum. After 24 hours, the pre- inoculum
was transferred to the flasks of 500 mL capacity with 150 mL of the same medium and
again incubated in shaker at 150 rpm, 28°C for 120 hours. The mycelia were harvested,

washed with destilled water by filtration and lyophilized.

2.2. Extraction and characterization of chitin and chitosan

The extraction of chitin and chitosan was carried out using dry biomass of
Cunninghamella elegans UCP 542 and Rhizopus arrhizus UCP 402 following the
methodology of Jin Hu et al. [11]. After the biomass drier, it was treated with 1M
NaOH solution (1:30 w/v, 121°C, 15 min). Alkali-insoluble material was obtained by
centrifugation (4000g, 20 °C, 10 min), and extracted using 2% of acetic acid (1:100
w/v, 100°C, 15 min) followed by centrifugation at 4000 g, 20°C, 15 min. The pH of
supernatant was adjusted to 10, and maintained overnight at 5°C, until the chitosan
fraction was precipitated. The chitosan was obtained by centrifugation at 4000 g, and
washed with distilled water four times, freeze-dried, and kept in a dissecator until
constant weight.

The degree of deacetylation for microbial chitin and chitosan were determined using
the infrared spectroscopy according to Baxter et al. [12] using the absorbance ratio
A1655/A3450.

2.3. Experimental design

Cunninghamella elegans UCP 542 and Rhizopus arrhizus UCP 402 were grown in
synthetic media with compositions defined by variations around the medium proposed
by Hesseltine and Anderson (1957)[10] with the following composition: D-glucose 40
g; L-asparagine 2 g; chloridrate of thiamine 0.5 mg; potassium phosphate 0.50 g and
magnesium sulphate 0.25 g per litre of distilled water, pH 5.2. This medium was used as
central point, except for the concentration of thiamine which, in this experiment was
hundred times smaller (0,005 mg/L) than the concentrations of Hesseltine and Anderson
(1957) [10] (0,5 mg/L). The D-glucose, L-asparagines and thiamine were varied
symmetrically around the central point according to the 23 factorial design given in
Table 1.An estimate of pure experimental error was calculated from four replicates run
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corresponding to a central point of the complete factorial. The response recorded were
biomass, chitin and chitosan yield by C. elegans and R. arrhizus. The analyses of the
dates and graphs were made with the Statistical 7.0 software package and significance

of the results was tested at the p<0.05 level.

Table 1. Design matrix for the factorial experiments used to study the of three factors
on biomass, chitin and chitosan production by Cunninghamella elegans UCP 542 and
Rhizopus arrhizus UCP 402, with experimental conditions set in the average of two
extreme levels. An estimate of pure experimental error was calculated from four

replicates run corresponding to a central point of the complete factorial (assay 9).

Assay D-glucose L-asparagine Tiamine
g/L g/L mg/L
1 - - -
2 + - -
3 - + -
4 + + -
5 - - +
6 + - +
7 - + +
8 + + +
g* 0 0 0

Level (-1): D-glucose 20 g/L, L-asparagine 1,0 g/L, Thiamine mg/L 0,002; Central
point (0): glucose 40 g/L, L-asparagine 2,0 g/L, Thiamine mg/L 0,005; Level (+1):
glucose 60 g/L, L-asparagine 3,0 g/L, Thiamine mg/L 0,008.

3. Results and discussion

Table 2 shows biomass production, chitin and chitosan yields by C. elegans and
R. arrhizus obtained in the experiments. The experimental condition 4 (D-glucose 60
g/L; L-L-asparagine 3 g/L and thiamine 0.002 mg/L) and the condition 8 (D-glucose 60
g/L; L-L-asparagine 3 g/L and thiamine 0.008 mg/L) obtained the higher biomass
production, 7.55 and 6.9 g/L, respectively, and these results are not statistically
different. This suggests that the increase in the thiamine concentrations not favor the

growth by C. elegans. On the other hand, the biomass production obtained by R.
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arrhizus was lower than the biomass of C. elegans. The experimental condition 1
(20g/L D-glucose, 1g/L L-asparagine and 0.002 mg/g thiamine) and experimental
condition 8 (20g/L D-glucose, 1g/L L-asparagine and 0.002 mg/g thiamine) resulted in
the higher biomass production of 2.93 g/L and 2.85 g/L by R. arrhizus, respectively.
These values of biomass production are not statistically different, consequently, the
same yield could be obtained using the higher or the lower level of D-glucose, L-
asparagine and thiamine. These results suggest a culture medium optimized and
economic to increase the biomass production by C. elegans and R. arrhizus.

The best yield of chitin by C. elegans, 235mg/g (23.5%), was obtained in
experimental condition 9, the central point, (40g/L D-glucose, 2g/L L-asparagine and
0,005mg/g tiamine) and for chitosan the best yields, 46.18 mg/g (4.61%), was obtained
in condition 5 (20g/L D-glucose, 1g/L L-asparagine and 0.008 mg/g tiamine). On the
other hand, this higher yield of chitosan (46.18 mg/g) did not differ statistically from the
value (45.00 mg/g) obtained at the condition 1 (20g/L D-glucose, 1g/L L-asparagine
and 0.002 mg/g tiamine). The same influence of thiamine occurred to the biomass
production. The values of chitin yield were similar to Franco et al [13] and Andrade et
al. [2], but inferior to Stamford et al. [5]. The values of chitosan yield were inferior to
the results describe by Pochanavanich et Suntornsuk [14], Franco et al. [13], Stamford
et al. [5]; but were superior to Amorim et al [15].

The best yield of chitin by R. arrhizus, 135.17 mg/g, obtained in the experimental
condition 4 (D-glucose 60 g/L; L-L-asparagine 3 g/L and thiamine 0.002 mg/L) was
inferior to the production of this biopolymer by C. elegans (235mg/g). However, the
higher chitosan production by R. arrhizus, 68.17 mg/g, (condition 8 (20g/L D-glucose,
1g/L L-asparagine and 0.002 mg/g thiamine) was superior to the chitosan yield obtained
by C. elegans (46.18 mg/g). These results propose that the chitosan and biomass
productions were directly proportional, because the condition 8 showed the highest
values of biomass and chitosan. These data are in agreement with Pochanavanich and
Suntornsuk [14] that reported chitosan production by the microorganisms is strongly
dependent of the culture conditions, including carbon source. The value of chitin yield
(135.17 mg/g) was superior to the values describe by Berger et al. [16], Cardoso et al.
[17]; but inferior to the value describe by Stamford et al. [5]. The production of chitosan
obtained in this work (96 mg/g or 9,6 %) was similar to the values describe by Franco et

al. [13], Stamford et al. [5] and superior to Amorim et al. [15].

53



Table 2. Design matrix for the factorial experiments used to study the influence of 3
factors, D-glucose, L-asparagine and thiamine, varied symmetrically around the central
point (*) according to the 23 factorial. The response recorded were biomass, chitin and

chitosan yield by Cunninghamella elegans and Rhizopus arrhizus.

Biomass (g/L) Chitin (mg/g) Chitosan (mg/g)

Cunninghamella Rhizopus Cunninghamella Rhizopus Cunninghamella Rhizopus

Run elegans arrhizus elegans arrhizus elegans arrhizus
1 4.43 2.93 115.94 116.91 45.00 49.68
2 6.1 1.97 77.13 92.95 13.52 50.87
3 4.35 2.23 146.67 104.91 15.29 66.14
4 7.55 2.21 101.06 135.17 5.23 46.22
5 4.28 1.66 131.52 53.19 46.18 35.92
6 4.70 1.79 194.31 110.94 6.18 29.26
7 3.89 2.43 193.88 129.03 34.97 44,57
8 6.90 2.85 85.65 67.69 9.78 68.17
g* 4.64 1.82 235.00 74.95 22.85 44.72
10* 4.43 1.91 214.33 76.92 27.20 46.73
11* 4.27 1.78 210.70 77.57 25.23 47.65
12* 4.04 1.93 201.53 78.85 23.24 47.99

Figure 1a shows the influence of the D-glucose (1), L-asparagine (2) and thiamine
(3) and the interaction between these factors in the biomass, production by
Cunninghamella elegans (figure 1a) and Rhizopus arrhizus (figure 1b). The D-glucose
(1), L-asparagine (2) and the interaction between these factors (1lby2) were the
independents variables that most influenced positively the biomass production by C.
elegans. These variables were statistically significant at 95% confidence level (p<0.05).
Figure 1b also shows the positive influence of L-asparagine (2), the interactions 1by2,

1by3, 2by3 in the biomass production by R. arrhizus, being statistically significant.
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Pareto Chart of Standardized Effects; Variable: Biomassa Pareto Chart of Standardized Effects; Variable: Biomassa
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Fig. 1 Pareto chart showing the effect of D-glucose, thiamine and L-asparagine
concentration in the biomass production by Cunninghamella elegans a) and b) Rhizopus

arrhizus.

The chitin production by C. elegans was influenced positively by thiamine (3) and
negatively by D-glucose (1), and interaction 1by2 as showed in Fig. 2a. These result are
totally contrary to the results shows in Fig. 1a for biomass production by this fungus.
On the other hand, Figure 2b shows the negative effect of thiamine (3) and interaction
1by2 and the positive influence of L-asparagine (2) in the chitin production by R.
arrhizus. These variables were statistically significant at 95% confidence level (p<0.05).

Pareto Chart of Standardized Effects; Variable: Quitina Pareto Chart of Standardized Effects; Variable: Quitina
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Fig. 2 Pareto chart showing the effect of D-glucose, thiamine and L-asparagine
concentration in the chitin production by Cunninghamella elegans a) and b) Rhizopus

arrhizus.

The chitosan production by C. elegans (Fig. 3a) was influenced positively by the
thiamine (3), interactions 1by2, 2by3, being statistically significant. The Pareto chart
(Fig. 3a) also shows that the increase in the L-asparagine (2), D-glucose (1), and
interaction (1by3) negatively influenced the chitosan production. Moreover, to improve

the chitosan yield by R. arrhizus should be necessary to increase the concentrations of
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L-asparagine, and interactions 1by3 and 2by3; and reduce the thiamine concentration, as

shows in Fig. 3b.

Pareto Chart of Standardized Effects; Variable: Quitosana Pareto Chart of Standardized Effects; Variable: Quitosana
2*(3-0) design; MS Pure Error=4,0218 2+%(3-0) design; MS Pure Error=2,155625
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Wo-clicose  ///////////7//7/7/7/7/////’/’/’//, 1882 @Vasparagna /514

(2)L-asparagina |-8.0409 V3V /7777777777 Ja,saasas

 easrss w3l ////////4//7//7//’"/’///sssesr2

1by2

2by3

5357664 (3)Tiamina 1-8,42582

by3p 777 -416942 Cuvatr. 7

-2,31485

7 /i3,185686 y2 |/ 7 2,20338

Cunvatr. |77 71212629 (1)D-Glicose |~~~ 17‘431044

a) e Standardized Effect Estimate (Absolute Value) b) SI::::rmzed Effect Estimate (Absolute Value)
Fig. 3 Pareto chart showing the effect of D-glucose, thiamine and L-asparagine
concentration in the chitosan production by Cunninghamella elegans a) and b) Rhizopus

arrhizus.

The results suggest an increase to the concentrations of the D-glucose, L-asparagine and
thiamine that positively influenced the dependet variables and the Decrease in the
concentrations of these variables with negative effect on the biomass, chitin and
chitosan production. Consequently, this modification could provide greater optimization
to the dependent variables and economy during the fermentation process.

The obtained results point out to the influence of carbon and nitrogen concentrations
of the culture medium in the biomass, chitin and chitosan yields and to the possibility of
achieving an optimal production of these biopolymers by controlling these variables
during the fermentation.

The characterization of chitin and chitosan obtained from C. elegans and R. arrhizus
in the H&A medium by infrared spectra are similar to those reported in the literature [4,
6, 21]. The most significant parts of chitin and chitosan spectra are those showing the
amide bands at approximately 1665, 1555 and 1313 cm-1, which could be assigned to
the C = O stretching, the N-H deformation in the CONH plane and the CN bond
stretching plus CH> wagging. In the present study, chitin and chitosan and presents
14,76% and 78% DD, respectively, obtained from C. elegans and 15,6% and 77% DD,
respectively, obtained from R. arrhizus. These results are in accordance with Stamford

et al [9], Pochanavanich and Suntornsuk [31].
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ABSTRACT

Chitin and chitosan hold a great economic value as due to their versatile biological
activities and chemical applications. Studies were carried using factorial design on the
production of these biopolymers by Rhizopus arrhizus grown on Agroindustrial waste,
corn steep liquor and cassava wastewater. Chitin and chitosan were extracted by alkali-
acid treatment, and characterized by Infrared spectroscopy, biocompatibility and
viscosity. A higher production of biomass, 8.80 g/L, chitin (54.38 mg/g) and chitosan
(20.51 mg/g) are obtained in experimental condition 3 (5% cassava wastewater, 8%
corn steep liquor). Chitin and chitosan showed degree of deacetilation, respectively of
25% and 82%, viscosimetric molecular weight of chitin and chitosan 2.4 x 10* g/mol and
3.0 x 10* g/mol, respectively. Chitosan showed not irritating and biocompatibility. The
results suggest that Agroindustrial waste improves chitin and chitosan production and
the mycelial biomass of C. elegans may be used as an alternative source of these
polymers.

Key words: Rhizopus arrhizus, chitin, chitosan, corn steep liquor, cassava
wastewater.
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INTRODUCTION

The commercial chitin and chitosan are originated from waste product of the
crustacean exoskeletons, such as crab and shrimp shells, obtained after industrial
processing of seafood 2. This chitosan is produced from the chemical deacetylation of
the crustacean chitin with strong alkaline solution and high temperatures. The chitosan
obtained by this method can be heterogeneous and inconsistent due to the variability of
raw materials, and the harshness of the isolation and conversion processes. The caustic
effects of the chemicals used in the isolation process can cause variability in the levels
of deacetylation and protein contamination in the chitosan 3.

The fungal production of chitin and chitosan can be a viable alternative to obtain
these biopolymers with homogenous characteristics #°. The characteristics and yields of
the chitin and chitosan may be optimized by controlling fermentation and processing
parameters such as pH, nutrient concentration in the fermentation medium and length of
incubation time ~1°, There are more considerable advantages in the use of biomass as a
source of fungal chitin and chitosan such as: simultaneous extraction of the
biopolymers, independence of seasonal factors, large-scale production, simple and
economic process, absence of protein contamination that can cause allergic reactions in
humans %11,

Generally, the composition of culture media for chitosan production from fungi
contains yeast extract, D-glucose, and peptone °. However, the use of synthetics or
complex cultures media to the growth of fungi can increase the cost of chitin and
chitosan production. Therefore it is important to obtain economic culture media that
promote the growth of fungi and stimulate the production of the polymers & Among the
agroindustrial substrates, stand out the corn steep liquor and cassava wastewater. The
corn steep liquor is a residue from the corn processing industry that has a large amount
of amino acids, vitamins and minerals. This residue can be considered an alternative
substrate for the production of fungal chitin and chitosan !2.The manipueira (cassava
wastewater) is a yellowish liquid obtained from cassava during the manufacturing
process of cassava flour, rich in many nutrients such as potassium (K), nitrogen (N),
magnesium (Mg), phosphorus (P), calcium (Ca) and sulfur (S) **. Nowadays there are
discharged of cassava wastewater into rivers or on soil without any kind of treatment,
causing damage for the environment and human health!** was observed that

Aspergillus niger showed no difference in their growth and production of citric acid in
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the presence of alternative substrate cassava wastewater as compared to the synthetic
medium.

This research describes an experimental study of the influence of the agroindustrial
waste, corn steep liquor and cassava wastewater concentration on chitin and chitosan
production by R. arrhizus. The effect of these factors or the interaction effects between

these will be observed by factorial design analysis.

EXPERIMENTAL

Microorganisms

Rhizopus arrhizus UCP 402 (Culture Collection of Catholic University of
Pernambuco, Recife, Brazil) was isolated from mangrove sediment situated in Rio
Formoso, PE, Brazil. The strain was maintained on Potato Dextrose Agar (PDA)
medium at 5°C.

Cultural Conditions

Rhizopus arrhizus was grown in Petri dishes (9 cm in diameter), containing PDA
medium at 28 °C for 8 days. A suspension was prepared and adjusted to 107
sporangioles/mL, using a hematocytometer for counting. Petri dishes with PDA was
inoculated with 1 mL of the sporangioles suspension and maintained for 18 hours at 28
°C. At the end of the desired incubation period a total of 20 discs PDA medium (1 cm
diameter) with mycelium of R. arrhizus were inoculated in Erlenmeyer flask containing
50 mL of the alternative medium, pH 5.6 , varying corn steep liquor and cassava
wastewater concentration. These parameters were varied symmetrically around the
central point according to the 22 factorial design. The flasks were incubated at 28°C in
an orbital shaker at 150 rpm, during 24 hours. After this time, the culture used as pre-
inoculum was transferred to the Erlenmeyer flasks with 150 mL of the alternative
medium, pH 5.6 and incubated at 28 °C in orbital shaker at 150 rpm during 72 hours.
The mycelia were harvested, washed twice in destilled water by filtration, utilizing a
silkscreen nylon membrane (120 F), and were submitted to lyophilization process. After

lyophilization the biomass was maintained in a vacuum dissecator until constant weight.
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Experimental factorial design

R. arrhizus was grown, for chitin and chitosan production, in a agroindustrial
wastewater medium varying the cassava wastewater (5-10%) and corn steep liquor (4-
8%) concentrations according to the according to the 22 factorial design as shown in
table 1. An estimate of pure experimental error was calculated from four replicates run
corresponding to a central point of the complete factorial. The response recorded were
biomass, chitin and chitosan yield by R. arrhizus. The analyses of the dates and graphs
were made with the Statistical 7.0 software package and significance of the results was
tested at the p<0.05 level.

Table 1. Design matrix for the factorial experiments used to study the influence of 2
factors on biomass, chitin and chitosan production by Rhizopus arrhizus UCP 402, with
experimental conditions set in the average of two extreme levels. An estimate of pure
experimental error was calculated from four replicates run corresponding to a central

point of the complete factorial (assay 5).

Run Factor levels
Cassava wastewater? Corn steep liquor?
1 -1 -1
2 +1 -1
3 -1 +1
4 +1 +1
5 0 0

! Concentration of cassava wastewater (%, v/v): 5.00 at level -1; 7.50 at level 0; 10.00 at level +1
Z Concentration of corn steep liquor (%, v/v): 4.00 at level -1; 6.00 at level 0; 8.00 at level +1
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Chitin and Chitosan Extraction

The extraction of chitin and chitosan was carried out using dry biomass of
Rhizopus arrhizus following the methodology of Hu et al. 1°. After the biomass drier, it
was treated with 1M NaOH solution (1:30 w/v, 121°C, 15 min). Alkali-insoluble
material was obtained by centrifugation (4000g, 20 °C, 10 min), and extracted using 2%
of acetic acid (1:30 w/v, 100°C, 15 min) followed by centrifugation at 4000 g, 20°C, 15
min. The supernatant was obtained and the pH was adjusted to 10, and maintained
overnight at 5°C, until the chitosan fraction was precipitated. The chitosan was obtained
by centrifugation at 4000 g, and washed with distilled water four times, freeze-dried,

and kept in a dissecator until constant weight.

Characterization of chitin and chitosan

The degree of deacetylation for microbial chitin and chitosan were determined
by means of infrared spectroscopy in accordance with Baxter et al.l’, using the
absorbance ratio A1655/A3450. A two milligram sample of fungal chitin and chitosan,
which had been dried overnight at 60°C under reduced pressure, was thoroughly
blended with 100mg of KBr, to produce 0.5mm thick disks. The disks were dried for
24hr at 110°C under reduced pressure. Infrared spectroscopy was recorded with a
Bruker 66 Spectrometer, using a 100mg KBr disk for reference. The intensity of the
maximum absorption bands was determined by the baseline method.

The molecular weights of chitin and chitosan were determined by viscosity,
using the procedure described by Santos et al.®. The viscosity of chitosan was
determined using an AVS-350 viscometer (Schott-Geréte), type/capillary: Cannon-
Fenske dinsice= 1.01mm, at 25°C. After obtaining the intrinsic viscosity from tables, K
and a, were obtained for HAc/NaAc. K = 0.076, a = 0.76. The flow time was
determined in seconds. Using the Mark-Houwinks equation, the average viscosimetric

molecular weight was expressed in g/mol.

Evaluation of biocompatibility of chitosan

The chick embryo, specifically its chorioallantoic membrane (CAM), can be used

to evaluate the activity or toxicity of a drug on both the CAM?®,
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To the test were used eggs at 10° days of incubation, obtained from Guaraves
Guarabira Aves Ltda and incubation at 37°C. Five eggs were used for each test
substance. On day 10 of incubation, the egg shell above the air space was removed. The
exposed membrane was moistened with a drop of 0.9% physiological saline was
carefully removed, exposing the CAM (Chorioallantoic membrane of chick embryo).
An aliquot of 200 pl of the chitosan was applied on the CAM and observed
vasoconstriction, hemorrhage and coagulation for 5 minutes to evaluate the potential for
irritation according to the method of HET-CAM. It was also observed signs of

inflammation, edema or neovascularization to evaluate the biocompatibility of chitosan.

RESULTS AND DISCUSSION

Biomass, chitin and chitosan production by Rhizopus arrhizus

The table 2 shows biomass production, chitin and chitosan yields obtained in the
experiments. The experimental condition 3 (5% cassava wastewater, 8% corn steep
liquor) obtained the higher biomass production, 8.80 g/L, chitin, 54.38 mg/g, and
chitosan, 20.51 mg/g, yields. This suggests that the increase in the corn steep liquor
concentrations and the cassava wastewater in the lower level could favor the growth and
production of chitin and chitosan by R. arrhizus. The corn steep liquor consists of
amino acids and carbohydrates which influence the growth of Mucoralean fungi %°. On
the other hand, the higher yield of chitosan (20.51 mg/g) did not differ statistically from
the values obtained at the central point (20.43 mg/g). These results are compared with

the literature as verified in Table 3.
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Table 2. Design matrix for the factorial experiments used to study the influence of 2
factors, cassava wastewater and corn steep liquor concentrations, Vvaried
symmetrically around the central point according to the 22 factorial. The response
recorded were biomass production, chitin and chitosan yield by R. arrhizus.

Corn
Cassava Biomass Chitin Yield Chitosan Yield
wastewater Steep quuor
/L mq/ mq/

- o @  (Mmye) (M)
1 5.0 4.00 5.80 47.63 13.98
2 100 4.00 5.76 31.89 10.86
3 500 8.00 8.80 54.38 20.51
4 100 8.00 4.02 35.85 13.57
5-8% 7.50 6.00 6.4203  34.4+1.0 18.43+2.0

*Four replicates run: central point
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Table 3. Biomass, chitin and chitosan production by Rhizopus arrhizus grown on

Agroindustrial waste compared results obtained by the literature.

Microorganism Substrate Biomass  Chitin Chitosan Reference
QL%  (mg.g?) (mg.g™)
Rhizopus arrhizus Corn steep liquor and 8.80 54.38 20.51 This study
cassava wastewater
Rhizopus arrhizus Synthetic medium for - 92 13 21
Mucorales
Rhizopus arrhizus Modified Synthetic - 94 14 21
medium for Mucorales
Rhizopus arrhizus Corn steep liquor 4% 13.00 30.40 12.85 20
Mucor circinelloides Yam bean 20.70 500 64 22
Cunninghamella elegans Yam bean 24.30 440 66 8
Cunninghamella elegans ~ Hesseltine and Anderson- - 415 183 23
factorial design added
glucose, sucrose and NaCl
Cunninghamella elegans Hesseltine and Anderson 24.40 388 70 24
added of 5%NaCl and
6%glucose
Cunninghamella Sugar cane juice 7.70 - 128 9
bertholletiae
Aspergillus niger Potato Dextrose Broth 9.00 - 107 25
Lentinus edodes Potato Dextrose Broth 1.4 - 33 25
Zygosaccharomyces Yeast Malt Extract Broth 44 - 36 25
rouxii
Candida albicans Yeast Malt Extract Broth 1.8 - 44 25
Mucor racemosus YPD medium 15.0 - 35.1 26
C. elegans YPD medium 25.0 - 20.5 26
C. elegans Andrade et al. 11.6 238 78.0 7
Rhizopus arrhizus Corn steep liquor 8% 16.8 575 416 12

- Data not shown
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The Figure 1 showed the influence of the cassava wastewater, corn steep liquor
and the interaction between these factors in the biomass production by R. arrhizus.
Biomass production was influenced negatively, being statistically significant, by
cassava wastewater concentration and the interaction between this factor and corn steep
liqguor. However, the corn steep liquor had a positive effect on biomass production, but
no statistically significant. This indicates that biomass production increase when the
corn steep liquor concentration is at the higher level.

Biomass

(1)Cassava -7,15877

% ]
:

1by2 +]-7,03995

(2)Corn steep Liquor 772724 1,871379

p=,05

Figure 1. The Pareto chart shows the effect of corn steep liquor and cassava wastewater
concentrations and the effects of the interaction between these factors on the production
of biomass by Rhizopus arrhizus (UCP 402).

The corn steep liquor concentration also tends to favor, the chitin (figure 2) and
chitosan (figure 3) yields, being statistically and no statistically significant, respectively.
The interaction between the agroindustrial wastewater (1 by 2, in the figure 2 and 3)
provide negative influence in the chitin and chitosan production. These biopolymers
yields were influenced negatively by cassava wastewater. On the other hand, chitin and
chitosan production increases when the corn steep liquor is at highest level and,
probably, a decrease in the cassava wastewater concentration could favor the growth

and production of chitin and chitosan by R. arrhizus.
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Chitin
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Figure 2. The Pareto chart shows the effect of corn steep liquor and cassava wastewater
concentrations and the effects of the interaction between these factors on the chitin yield
by Rhizopus arrhizus (UCP 402).

Chitosan
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Figure 3. The Pareto chart shows the effect of the corn steep liquor and cassava
wastewater concentrations and the effects of the interaction between these factors on the

chitosan yield by Rhizopus arrhizus (UCP 402).
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Chitin and chitosan characterization

The characterization of chitin and chitosan obtained from Rhizopus arrhizus
using corn steep liquor and cassava wastewater as substrates by infrared spectra are
similar to those reported in the literature®%2223, The most significant parts of chitin and
chitosan spectra are those showing the amide bands at approximately 1665, 1555 e 1313
cm™, which could be assigned to the C=0 stretching, the N— H deformation in the
CONH plane and the CN bond stretching plus CH2 wagging. In a similar way, chitin
from R. arrhizus shows bands in the amide Il region, which were 1153, 1378, and 1558
cmt. The results are in agreement with Stamford et al .8, Silva et al. % and Fai et al. 22
reported that the chitin structure contains two types of amide group and both form
C=0"N-H intermolecular bonds, but one is also an acceptor for the CH2OH group.

According to Santos et al.'®, deacetylation and the regeneration process cause
disturbance in the initial crystalline reticulum of chitin, inducing a reordering of the
hydrogen linking of chitosan. This can be observed in the central band at approximately
3483 cm™ e 3305 cm?, in the region of: (i) the axial deformation of OH, which appears
as overlapping the band of axial deformation of NH indicating an intermolecular
hydrogen linking formation, and at (ii) the displacement of the higher frequency band
indicating an increase in the structural order. The data are in accordance with those
reported in literature when comparing both chitin and chitosan infrared spectra obtained
by microbiological methods 1727,

Deacetylation degree (%DD) is an important parameter associated with the
physical—chemical properties of chitosan, because it is linked directly to the chitosan
cationic properties?®. In the present study, chitosan obtained from R. arrhizus presents
82% DD and chitin present 25% DD. These results are in accordance with 82, These
authors reported the deacetylation degree of chitosan from fungi occurred between 80 to
90% DD.

The average viscosimetric molecular weight (My) of chitin and chitosan from R.
arrhizus obtained in this study are 2.4 x 10* g/mol and 3.0 x 10* g/mol, respectively,
which are considered relatively low?. The result is in agreement with the literature,
which reports molar weights ranging between 1,0 x 10% to 9,0 x 10° g/mol &', Chitosan
with a low molecular weight was reported to reduce the tensile strength and elongation
of the chitosan membrane but to increase its permeability. Thus, fungal chitosan could
have potential medical and agricultural applications?.
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Chorioallantoic membrane of chick embryo (CAM): toxicity and biocompatibility
assay

The HET-CAM assay is based on macroscopic changes occurred in CAM as

hyperaemia, hemorrhage and coagulation. The method is rapid, inexpensive and

effective?®. This assay was proposed as an alternative to the Draize rabbit eye irritation
test 2. According the method of HET-CAM, the chitosan tested shown not irritating.

No signs of inflammation, edema or neovascularization were observed,

demonstrating biocompatibility. Similarly, the field of cosmetics has used the CAM

model to evaluate the irritation properties of cosmetic formulations and ingredients °.

CONCLUSION

The results obtained allow to indicate that corn steep liquor and cassava
wastewater may be used as alternatives substrates for the growth, chitin and chitosan
production by Rhizopus arrhizus. The use of agroindustrial wastes as source of nutrients
for the large-scale production of these biopolymers is economically and
environmentally viable. Rhizopus arrhizus may be used as an alternative source of
chitin and chitosan.

Acknowledgement: The authors are thankful to the CNPqg, CAPES, FACEPE and
FINEP.
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Abstract: Microbiological processes were used for chitin and chitosan production with
Cunninghamella elegans UCP/WFCC 0542 grown in different concentrations of two
agro-industrial wastes, corn steep liquor (CSL) and cassava wastewater (CW) established
using a 22 full factorial design. The polysaccharides were extracted by alkali-acid treatment
and characterized by infrared spectroscopy, viscosity, thermal analysis, elemental analysis,
scanning electron microscopy and X-ray diffraction. The cytotoxicity of chitosan was
evaluated for signs of vascular change on the chorioallantoic membrane of chicken eggs.
The highest biomass (9.93 g/L) was obtained in trial 3 (5% CW, 8% CSL), the greatest
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chitin and chitosan yields were 89.39 mg/g and 57.82 mg/g, respectively, and both were
obtained in trial 2 (10% CW, 4% CSL). Chitin and chitosan showed a degree of deacetylation
of 40.98% and 88.24%, and a crystalline index of 35.80% and 23.82%, respectively, and
chitosan showed low molecular weight (LMW 5.2 x 10% Da). Chitin and chitosan can be
considered non-irritating, due to the fact they do not promote vascular change. It was
demonstrated that CSL and CW are effective renewable agroindustrial alternative substrates
for the production of chitin and chitosan.

Keywords: Cunninghamella elegans; chitin; chitosan; corn steep liquor; cassava; wastewater;
characterization; chorioallantoic membrane

1. Introduction

In recent years, there has been an increasing interest in biopolymers, specially chitin and chitosan,
due to the fact they are easy to obtain, their wide applicability and their promising features such as their
absence of toxicity, biodegradability, biocompatibility and environmentally friendly nature and their
wide range of potential industrial applications [1]. Chitin and chitosan are natural co-polymers,
comprised of units of 2-amino-2-desoxy-D-glycopyranose and of 2-acetamide-2-desoxy-D-glycopyranose
interconnected by glycosidic B-1,4 bonds in variable proportions. The first type of these units is
frequently present in chitosan [2,3]. Chitin is widely distributed in Nature, being the main component
of the exoskeleton of crustaceans and insects and it also occurs in nematodes and in the cell walls of
yeast and fungi [4,5].

Chitosan is naturally found in the cell wall of fungi, mainly in the Zygomycetes [6,7]. Chitosan is
formed by the deacetylation of chitin, and the N-acetyl group can undergo several degrees of
deacetylation. Chitosan is a cationic and linear polymer, characterized according to its deacetylation
level and its molecular weight which may influence its degradability and polysaccharide hydrolysis.
According to its deacetylation level and molecular weight, chitosan’s physical and chemical properties
such as solubility, pKa and viscosity will vary. It is difficult to obtain highly deacetylated chitosan
because upon hydrolysis the degree of degradation of the polymer increases, thus making the
purification process more difficult [8,9]. Chitosan with various molecular weights and degrees of
deacetylation has been found to have a wide spectrum of applications as chelating agents in wastewater
treatment, an antibacterial and antifungal, and as an immobilizing agent for enzymes or for delivering
drugs to their target. Consequently chitosan is widely used in the pharmaceutical, food, agriculture,
cosmetics and textile industries [10].

Chitin is commercially obtained from the exoskeletons of marine crustaceans, and chitosan by
alkaline deacetylation of chitin at high temperatures for long periods of time [2]. However, these
traditional isolation methods of these polymers present some drawbacks and limited potential for
industrial acceptance such as the seasonal and limited supply of the raw material while the process of
demineralization and deproteinization is aggressive and causes changes in the final product, thereby
often lowering its quality since this can cause chemical changes. Consequently these end-product
biopolymers often have heterogeneous and inconsistent physiochemical properties. As a result,
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filamentous fungi have been considered an attractive source of chitin and chitosan for industrial applications
because their specific products can be manufactured under standardized conditions [3,7,10].

Advances in the fermentation technology for producing fungal chitin and chitosan have been
considered as an alternative for overcoming the adverse effects of the traditional extraction of these
polymers [5,11,12,13]. In addition to obtaining microbiological chitin and chitosan with homogenous
characteristics and more consistent quality, the biopolymer yields may also be optimized by controlling
fermentation and processing parameters such as pH, nutrient concentration in the fermentation medium
and the length of incubation time [12,14]. The extraction of these biopolymers is simultaneous;
independent of seasonal factors; and the final products do not have the protein contamination that can
cause allergic reactions in humans [2,4]. The use of industrial wastes as an alternative nutritional source
can favor obtaining a byproduct of high value added [6,15,16] and above all, it can decrease the total
production costs by 38% to 73% [17].

Corn steep liquor (CSL) is a residue from the corn processing industry that has a large amount of
amino acids, vitamins and minerals. This residue can be considered an alternative substrate for
producing fungal chitin and chitosan. Manipueira (cassava wastewater (CW)) is a yellowish liquid
obtained from cassava during the cassava flour manufacturing process, and is rich in many nutrients
such as potassium, nitrogen, magnesium, phosphorus, calcium and sulfur. Currently, CW is discharged
into rivers or released on soil without any kind of treatment, thus causing damage to the environment
and human health [6].

On the other hand, for the fungal production of chitosan to be commercially viable, further process
optimization at the laboratory and engineering levels is required [18]. Therefore, this article sets out a
method for optimizing the production of chitin and chitosan by Cunninghamella elegans UCP/WFCC
0542 grown by submersed fermentation and uses two agroindustrial wastes, namely corn steep liquor
CSL and cassava wastewater CW, which is an economic alternative for providing carbon and nitrogen
at low cost. The physicochemical characteristics and cytotoxicity of the synthesized chitin and chitosan
are also described.

2. Results and Discussion
2.1. Elemental analysis of Cassava Wastewater (CW) and Corn Steep Liquor

The amount of nitrogen, carbon, oxygen and sulfur presented in the composition of cassava and corn
steep liquor CSL is shown in Table 1. The CSL constituted the main nitrogen source, and this waste
plus the cassava wastewater CW were the carbon source. Both residues also provide other important
nutrients for the metabolism of the microorganism.

Table 1. Percentage of nitrogen, carbon, hydrogen, and sulfur present in the composition of
cassava and corn steep liquor.

Sample Nitrogen (%) Carbon (%)  Hydrogen (%) Sulfur (%)
Corn Steep Liquor (CSL) 6.49 37.77 6.74 0
Cassava wastewater (CW) 2.04 33.35 6.74 0
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2.2. Influence of the Culture Media on the Biomass, Chitin and Chitosan Production by C. elegans

Table 2 present the values of biomass production, pH, chitin and chitosan yields obtained in each
trial as a response for the 22 factorial design using different CW and CSL concentrations. The responses
recorded were biomass production, chitin and chitosan yield by C.elegans. An estimate of pure
experimental error was calculated from four replicates run corresponding to a central point of the
complete factorial (trial 5). These results indicated a higher biomass production (9.93 g/L) during 96 h
of fermentation of Cunninghamella elegans using conditions 3 (5% CW, 8% CSL). This suggests a
culture medium with a greater concentration of CSL in relation to cassava wastewater CW
concentrations could favor growth by C. elegans. CSL consists of amino acids and carbohydrates which
influence the growth of Mucoralean fungi [19]. Similar results were reported by Berger et al. [6] and
Cardoso et al. [20] also showed the positive influence in biomass production of the same concentrations
of CSL (8%) used in this study. Probably, the considerably higher carbon and nitrogen contents of CSL
compared with cassava wastewater CW, as shown in Table 1, favored this result. Other studies also
suggest using CSL as a source of carbon and nitrogen in the composition of culture media instead of
glucose and yeast extract, for example by using this substrate to produce succinic acid by
Actinobacillus succinogenes [21]; and to produce a biosurfactant by the yeast Candida sphaerica [22].

Table 2. Design matrix for the factorial experiments used to study the influence of factors,
cassava wastewater (CW) and corn steep liquor (CSL) concentrations, varied symmetrically
around the central point according to the 22 levels.

Cassava Corn steep

Assays  wastewater  liquor (CSL) %  pH Biomass Chitin Chitosan

(CW) % (vv) V) (g/L) (mg/g) (mg/g)
1 5.00 4.00 6.98 6.93 69.57 50.12
2 10.0 4.00 6.98 5.67 89.39 57.82
3 5.00 8.00 6.18 9.93 50.09 4451
4 10.0 8.00 6.20 8.57 60.71 34.47
5 7.50 6.00 6.50 7.16 70.03 47.37
6 7.50 6.00 6.35 8.00 72.40 48.93
7 7.50 6.00 6.23 7.70 76.64 46.00
8 7.50 6.00 6.48 7.31 70.27 45.81

On the other hand, contrary result was observed with condition 2 (10% CW, 4% CSL) which gave the
best chitin (89.39 mg/g) and chitosan (57.82 mg/q) yields. Similar result was obtained by Lins et al. [19]
who obtained the highest chitosan production by Rhizopus arrhizus also using 4% of CSL. There was
an increase in the pH range from 5.6 (start of fermentation) to 6.98-6.18. A similar result was observed
by Cardoso et al. [20]. However, the lower pH in Table 2 (6.18 and 6.20) resulted in the higher yields
of biomass. Probably this acidic condition is better for the C. elegans growth. The influence of the
culture media pH in the biomass yield was also observed by Nwe et al. [23] and Nwe and Stevens [14]
who observed that the slightly acidic pH values are more favorable to the fungal growth.

Therefore a greater CW concentration and a lower CSL concentration favored these response variables.
The addition of CSL in culture media improved chitosan production by Syncephalastrum racemosum,
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but at a 2% concentration [15] which is lower than the concentration shown by trial 2, used in this
study. Santos et al. [16] also showed the positive effect of this agroindustrial waste as a nutritional
source for chitosan production by Cunninghamella elegans but using a 0.45% concentration of CSL,
which is much less than the 4% concentration used in this study. From these results, considering the
high nutritional value of corn steep liquor, it can be suggested that the choice of this waste at lower
concentrations could be sufficient to increase chitosan production by Cunninghamella elegans.

White et al. [24] suggest that the composition of fungal and bacterial cell walls can be attained by
genetic manipulation or alteration of culture conditions and consequently, these changes could result in
a potential for altering cell wall synthesis in fungi to improve chitosan productivity. The positive
influence of high and low concentrations of CW and CSL, respectively, in the production of chitin and
chitosan. On the other hand, the growth of the fungus was stimulated in the presence of low
concentrations of CW and high concentrations of CSL, a source of nitrogen and carbon.

The best results for biomass, chitin and chitosan production obtained in this study (Table 2) are
compared with the literature in Table 3. The different results presented in Table 3 for the chitin and
chitosan yields of each microorganism prove that the chitosan content of fungi depends on the fungal
strains, the age of the mycelia age, the cultivation medium and the growth conditions and chitin and
chitosan extraction method used [2,4,24,25].

Table 3. Biomass, chitin and chitosan production by C. elegans grown on agroindustrial
waste compared with results obtained by the literature.

Biomass Chitin Chitosan

Microorganism Substrate Reference
’ QLY (mgg") (mgg?)
Cunninghamella elegans CSL and CW 9.93 89.39 57.82 This study
Rhizopus arrhizus CSL and CW 8.80 54.38 20.51 [6]
. . heti ium f
Rhizopus arrhizus Synthetic medium for - 92 13 [8]
Mucorales
. . Modified synthetic
Rhizopus arrhizus medium for Mucorales - 94 14 [8]
Rhizopus arrhizus CSL and honey 20.6 - 29.3 [20]
Rhizopus arrhizus CSL 4% 13.00 30.40 12.85 [19]
Mucor circinelloides Yam bean 20.70 500 64 [4]
Cunninghamella elegans Yam bean 24.30 440 66 [2]
Aspergillus niger Potato dextrose broth 9.00 - 107 [10]
Lentinus edodes Potato dextrose broth 14 - 33 [10]

80



Molecules 2014, 19 6

Table 3. Cont.

. . Biomass  Chitin  Chitosan
Microorganism Substrate Reference

(L™ (mgg") (mgg™)

Yeast malt extract

Zygosaccharomyces rouxii broth 4.4 - 36 [10]
. . Yeast malt extract

Candida albicans east malt extrac 1.8 - 44 [10]

broth

Mucor rouxii YPD medium 9-14 - 40-80 [24]

Mucor racemosus YPD medium 15.0 - 35.1 [25]

Cunninghamella elegans YPD medium 25.0 - 20.5 [25]
Sweet potato pieces

Gongronella butleri and mineral solution 56.3 - 127 [23]

and urea

- Data not shown.

Figure 1 presents the influence of CW (1), CSL (2) and the interaction between these factors (1 x 2)
in the biomass production by C. elegans, using a factorial design, with statistical significance (p < 0.05).
The increase of CSL percentage provided a higher yield of biomass and the opposite was observed
when the percentage of CW was increased. The interaction between these factors had a negative effect
on biomass production, but not a statistically significant one. These results suggest that, in future
research, the biomass production of C. elegans could be increased in a culture media with higher CSL
and low CW concentrations.

Figure 1. Pareto graph showing the effect of independent variables on the production of
biomass by Cunninghamella elegans strain UCP/WFCC 0542. Statistically significant

(p < 0.05).
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Figure 2 shows contrary results compared to Figure 1 for the influence of CSL and CW in chitin
production. The Pareto chart presents the positive and negative influence of CW and CSL, respectively
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for chitin production by Cunninghamella elegans, with statistical significance (p < 0.05). As in Figure 1,
the interaction between these two variables did not favor (at least not in a statistically significant way),
the production of chitin. These results confirm the data obtained in trial 2 (10% CW, 4% CSL, Table 2).

Figure 2. Pareto graph showing the effect of independent variables on the chitin yield by
Cunninghamella elegans strain UCP/WFCC 0542. Statistically significant (p < 0.05).
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Figure 3 presents the negative influence of CW and CSL, and the interaction between these
variables, respectively, for chitosan production by C. elegans. An increase in the percentage of the two
substrates in the culture medium will not favor the production of chitosan by this fungus, which was
statistically significant for CSL and interaction of the two wastes (p < 0.05) and of no statistical
significance for CW (p < 0.05). This suggests the use of these wastes in smaller concentrations in the
culture medium to achieve better yields of chitosan.

Figure 3. Pareto graph showing the effect of independent variables on the chitosan yield by
Cunninghamella elegans strain UCP/WFCC 0542. Statistically significant (p < 0.05).
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2.3. Characterization of Chitosan Extracted from the C. elegans Strain (UCP/WFCC 0542)
2.3.1. Infrared Spectroscopy (Deacetylation Degree—DD%)
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The infrared spectra of the biopolymers obtained from Cunninghamella elegans are presented in
Figure 4. The infrared spectrum of fungal chitin showed the presence of characteristic bands such as
1,317.99 cm™, 1,558.86 cm™* and 1,657.80 cm?, corresponding to CN bond stretching plus CHs
wagging; N-H deformation in the CONH plane, including amide II; and carbonyl group stretching,
C=0 (amide 1). In a similar way, chitin shows specific bands at 1,155.12 cm™ in the amide 1l region;
1,378.76 cm™?, corresponding the C-O stretching of the -CH2-OH group (amide 11 region); 1,423.29 cm ™,
corresponding to the axial deformation of the amide C-N; 2,920.55 cm™, assigned to C-H stretching;
and 3,414.23 cm?, corresponding to the axial deformation of OH, which appears as overlapping the
axial NH deformation band. These results are in agreement with Arbia et al. [5]; Chatterjee et al. [26];
Ebrahimzadeh et al. [27]; Cardoso et al. [20]; and Santos et al. [28]. The presence of two types of
amide group (amide I and I1) in the chitin structure is similar to what was observed by Stamford et al. [2]
and Fai et al. [4].

Similar to the infrared spectrum of fungal chitin, the fungal chitosan also presented amide bands as
1,318.06 cm?, 1,422.92 cm™?, 1,576.13 cm™* and 1,646.65 cm™, but these peaks are less intense than
the in fungal chitin, particularly the peak of 1,646.65 cm™ . Fungal chitosan also presented bands at
2,920.97 cm ! and 3,420.99 cm™?, as observed in the spectrum of fungal chitin. Ebrahimzadeh et al. [27]
related that during chitosan production, acetyl is eliminated after hydrolysis and, consequently, the
carbonyl band gets eliminated in chitosan. However, the infrared spectrum of fungal chitosan with
these amide bands, i.e, the presence of an acetyl group on the amino group (stretching, C=0, amide I)
shows that the fungal chitosan is not completely deacetylated. The same results were observed by
Mario et al. [11] who related that, as expected, N-deacetylation is associated with a progressive
weakening of the band occurring at 1,655 cm™*(amide I vibrational mode) and the disappearance of the
band at 1,550 cm™* (amide Il vibrational mode).

Figure 4. Infrared absorption spectra of microbiological polymers obtained from
Cunninghamella elegans (A) Chitosan; (B) Chitin.
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The infrared spectrum of chitin and chitosan is one of the analytical methods used to define the
Deacetylation Degree (DD%). The DD% is an important parameter that determines the physicochemical
properties of the chitosan because it is linked to the cationic properties of chitosan [4]. The DD% value
is directly proportional to the positive charge density on the molecule which confers unique and greater
ability to the chitosan for specific industrial, medical or pharmaceutical applications, such as its use as a
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coagulation agent in physical and chemical waste-treatment systems and as an antimicrobial
agent [27,29,30]. The infrared spectra of the chitin and chitosan obtained by C. elegans in trial 2 of the
22 factorial experimental design and commercial chitin and chitosan were used to determine the degree
of deacetylation. The DD% calculated for fungal chitin and chitosan were 40.98% and 88.24%,
respectively. The fungal chitosan value is comparable with the literature, as verified in Table 4.

2.3.2. Viscosity and Molecular Mass

The viscosity of fungal chitosan from Cunninghamella elegans (UCP/WFCC 0542) was 3.34 centipoises
(cP), considerably lower than the viscosity of crab chitosan with medium (MMW) and mow (LMW)
molecular weight (29.7 and 287.2 cP, respectively).

These results were similar to those reported by Pochanavanich and Suntornsuck [10] who stated that
the viscosity of fungal chitosan between 3.1 cP to 6.2 cP and commercial crab shell chitosan (Sigma)
was 372.7 cP. Khalaf [29] obtained a fungal chitosan with 2.7-6.8 cP and crab shell chitosan (Sigma)
with 316.2 cP. These results are presented in Table 4.

Table 4. Properties of fungal and crab chitosan.

Chitosan sample DD * (%) Viscosity (cP) MW ** (Da) Reference

Cunninghamella elegans UCP/WFCC 0542  82.24+ 2.0 3.34 5.00 x 103 This study
Crab shell (Sigma) 97.9+£0.9 372.7 9.4 x 10° [10]
Aspergillus niger TISTR3245 90.9+21 6.2 1.4 x10° [10]
Rhizopus oryzae TISTR3189 879121 35 6.9 x 10* [10]
Candida albicans TISTR5239 83.8+0.8 3.1 1.1x10° [10]
Crab shell (Sigma) 96.8 316.2 - [29]
Aspergillus niger 84.2 5.9 - [29]
Penicillium citrinum 78.5 4.6 - [29]
Fusarium oxysporum 73.4 2.7 - [29]
Rhizopus oryzae 90.2 6.8 - [29]
Penicillium waksamanii 65.1+3.1 11.3+£0.6 - [29]
Penicillium citrinum 62.4+ 2.7 10.2+04 - [29]
Penicillium viridicatum 475+19 8.9+0.2 - [29]
Penicillium aurantiogriseum 473+23 94+0.2 - [29]
Mucor rouxii 27.3 - - [24]
Rhizopus oryzae 915 7.2 - [30]
Aspergillus niger 89.6 6.4 - [30]
Penicillium expansum 80.2 4.8 - [30]
Fusarium moniliforme 75.3 3.6 - [30]
Crab shell (Sigma Aldrich) 96.8 316.2 - [30]
Gongronella butleri 92.0 - 3x10* [23]
Mucor rouxii 82.8-89.8 - 2.48 x 10*-5.59 x 10* [26]

- Data not shown, * DD (%) = Degree of deacetylation (%), ** MW = Molecular Weight

The viscosity of the chitosan is directly related with the molecular weight of this biopolymer [30].
High molecular weight chitosan has a higher viscosity than low molecular weight chitosan. Probably,
this means that the molecular weight of fungal chitosan may be lower than that of crab chitosan.
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This was confirmed with the result obtained for the average viscosimetric molecular weight (My) of
chitosan from Cunninghamella elegans obtained in this study, which was 5.2 x 10® g/mol, or low
molecular weight. The result is also in agreement with the literature, which reports molar weights
ranging between 1.0 x 10° to 9.0 x 10° g/mol [2,6].

Thus fungal chitosan could have potential food, medicinal and agricultural applications as an
antimicrobial and preservative agent [10,29]. Omogbai and Ikenebomeh [30] related that the vicosity of
chitosan is an important factor which determines its commercial applications and significantly affects
its antimicrobial activities. Furthermore, some applications of chitosan are limited by its high molecular
weight and viscosity, resulting in low solubility in aqueous solutions such as medical applications
which require a low molecular weight chitosan with a high solubility and low viscosity in water at
physiologically acceptable pH values [31].

The chitosan of low molecular weight and high DD has a large charge density and a high solubility
and is useful in pharmaceuticals, biomedicals and food [23]. In addition, chitosan with a low molecular
weight was reported to reduce the tensile strength and elongation of the chitosan membrane, but to
increase its permeability. This characteristic can be promising for specific applications [32].
The chitosan with a low viscosity was also reported to have more antimicrobial activity [33].
Ebrahimzadeh et al. [27] on relating the results of their study showed that the viscosity of extracted
chitosans increased with the increase in DD, but there were some exceptions.

2.3.3. Elementary Analysis

Table 5 shows the carbon, nitrogen and hydrogen percentages of Sigma chitin and chitosan from
crustacea, used as standard, and that extracted from Cunninghamella elegans under condition 2, which
showed the highest yield of these biopolymers.

Table 5. Percentage of carbon, nitrogen, hydrogen, carbon/nitrogen and degree of
deacetylation of chitin and chitosan samples of crustacean (standard) and extracted from
Cunninghamella elegans.

Sample % N % C % H CIN
Crustacean Chitin (Sigma) 5.30 40.25 7.11 7.59
Crustacean Chitosan (Sigma) 7.03 37.88 6.59 5.39
Fungal Chitosan 5.59 30.52 7.66 5.46
Fungal Chitin 5.27 40.69 9.13 7.53

The fungal chitosan 2 showed lower nitrogen (5.59%) and carbon (30.52%) content than the Sigma
crustacean chitosan (7.03% of N, 37.88% of C) and the crustacean chitosan (41.2% to 44.5% carbon
and 7.0% to 8.5% nitrogen) obtained by Santos et al. [16]. However, the C/N ratio of the fungal
chitosan (5.46) is similar to the calculated values of C/N obtained by Santos et al. [28].

The nitrogen content of chitosan increases with a longer deacetylation reaction and a more efficient
deacetylation of chitin with a higher degree of deacetylation of chitosan. This was also observed by
Yen et al. [34] who treated the crustacean chitin with 30 ml of 40% sodium hydroxide solution at
105 °C for 60, 90 and 120 min to obtain the chitosan denominated: C60, C90 and C120, respectively.
Chitosan C120 showed the higher nitrogen content (9.5% + 0.2%) and degree of deacetylation
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(93.3% =+ 0.4%). Probably, in this study, the degree of deacetylation (82%) and nitrogen content
(5.59%) of the fungal chitosan 2 were consequences of the low sodium hydroxide solution concentration
(AM or 4% NaOH) and of the short period (15 min) of deacetylation used, when compared with the
methodology by Yen et al. [34]. In addition, the carbon content of chitosan is lower than that of chitin
due to the loss of acetamido groups during the deacetylation reaction, and the lower the carbon content
of chitosan, the higher the degree of deacetylation. A similar result is observed in fungal chitosan 2
with a lower carbon content (25.10%) than fungal chitin 2 (39.69%).

2.3.4. Thermal Analysis

The thermal properties of chitin and chitosan samples obtained from TGA-DSC over a temperature
range of 0-500 °C are illustrated in Figure 5.

Figure 5. Microbiological biopolymers from Cunninghamella elegans UCP/WFCC 0542:
DSC curves for chitosan (A), chitin (B) and TGA thermograms for chitosan (C) and chitin (D),
under continuous flow of dry nitrogen gas (50 mL min™?), at a heating rate of (10 °C min™2).
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The thermograms were characterized by the peak temperature of endotherms corresponding to water
evaporation, which depends on the sample drying process, and the peak temperature of exotherms
representing the decomposition of amine units in the polymer as related by Sreenivasan [35] and
Santos et al. [28]. The first registered thermal event was an endothermic peak at 51.38 °C and 42 °C for
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chitosan and chitin, respectively; and these peaks are expected to reflect physical and molecular changes
during N-deacetylation and carboxymethylation [4]. Each endo- or exothermic peak temperature and
area changed as a function of primary and higher order structures of the macromolecule [36]. These
biopolymers showed a similar trend in DSC and TGA but the chitin had higher thermal stability than the
corresponding chitosan. Consequently, the endothermic peak area was higher for chitosan, 310.25 °C
(Figure 5A) than for chitin, 280.57 °C (Figure 5B), i.e., the endothermic peak area increased with the
increase in N-deacetylation and carboxymethylation, indicating that a definite correlation exists
between the water holding capacity and chemical and supramolecular structure of these polymers, as
observed by Zhang et al. [37] and Yen and Mau [38]. The DSC was used as an effective technique to
correlate the heat of the reaction to the degree of deacetylation (DD%) and carboxymethylation [36].

The two DSC processes are consistent with the trend observed in the TGA curves. The TGA
measurements indicate that chitosan and chitin samples lost water at a relatively low temperature
(below 100 °C, Figures 5C,D). This means that this water is physically adsorbed and/or weakly
hydrogen-bonded to chitosan molecules (stage 1), as shown by Zawadzki and Kaczmarek [39].
The second stage, which began at 172 °C for chitosan and at 109 °C for chitin, is due to the
decomposition temperature of these polymers with a carbonized residue formation [4]. Most probably
in this stage, the hydrogen-bonded water is released [39]. The third weight loss point was above 300 °C
which represents the start of carbonized material consumption, a result similar to that found by
Fai et al. [4] and Liu et al. [40].

2.3.5. Scanning Electron Microscopy

The chitin and chitosan produced by Cunninghamella elegans growth in trial 2 were selected for
examination by scanning electron microscopy (SEM, Figure 6). The chitin showed a prominent
arranged microfibrillar crystalline structure (Figure 6A,B) which was absent in the chitosan (Figure 6 C,D).
Similar results were observed in crustacean chitin by Yen et al. [34], and Arbia et al. [5], and in fungal
chitin by Chan, Chen, and Yuan [41]. Also, fungal chitosans did not show the microfibrillar structure in
SEM [38]. Yen et al. [34] related that the crystalline structure observed between fungal and crab chitins
might also be attributed to their different intersheet or intrasheet hydrogen-bonding systems. However,
the preview of this microfibrilar structure in the chitin produced by C. elegans may have been caused
by the process for extracting this biopolymer i.e. the deproteinization step.

The fungal chitosan also exhibited a structure that was more compact and dense than the fungal
chitin nor was this chitosan porous. This biopolymer also showed crumbling layers of flakes as
observed in crustacean chitosan by Yen et al. [34] and few aggregated flakes with a dense and firm
structure, without porosity, as related by Yen and Mau [38] for fungal chitosan. These authors
compared different chitosans by SEM after a longer N-deacetylation step that used a sodium hydroxide
solution at 105 °C, for 60, 90 and 120 min, and they stated that it seems that the longer the
deacetylation, the more clearly the cloudy and fibrillar crystalline structure of chitosans was observed.
Probably, the same structure could be observed in the fungal chitosan obtained in this study if
deacetyation were to be more prolonged. The fungal chitosan obtained in this study also showed rough
surfaces, devoid of a recognizable irregular spatial pattern.
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Figure 6. Microbiological biopolymers from Cunninghamella elegans UCP/WFCC 0542:
SEM electromicrographies of (A) chitin at 500 x magnification, (B) chitin at 1000 x
magnification, (C) chitosan at 500x magnification and (D) chitosan at 1000 x magnification.
The measurement bar = 50 pum.
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2.3.6. X-ray Diffraction

The specifics in the polymorphic form and crystalline structures of chitin and chitosan were
determined by X-ray diffraction. These patterns are indicative of different spacing in the crystal planes,
and a polymorphic structure. Diffraction provides accurate measurements of the crystalline content,
which greatly affects physical and biological properties of the polymer [4,16,26]. The powder
diffraction pattern of chitosan (Figure 7A) from Cunninghamella elegans grown in trial 2 (Table 3)
showed strong Bragg refractions at an angle of 20.0° 26 and 9.0° which are two characteristic peaks of
chitosan, as observed by Wang et al.[42]. However, one peak at about 9.00° disappeared in the fungal
chitin. Probably a purification process would be necessary to obtain a satisfactory biopolymer, and a
similar result was described by Zhang et al. [37].

The crystallinity indices of chitin and chitosan grown from C. elegans in the best trial 2 of the
factorial design and of commercial chitin and chitosan (Sigma) were determined from the scattering
intensity at two angles, one at 26= 9-10° and the other at 26 =19-20° (Figure 7). The results are
supported by the literature [26,37], in which the crystallinity indices of chitin obtained from
Cunninghamella elegans biomass in trial 2 (35.80%) and of commercial chitin (45.63%) were higher
than the chitosan from C. elegans biomass in trial 2 (21.17%) and commercial chitosan (23.82%).
The higher crystalline index of chitin reflected its higher degree of crystallinity and a more ordered
structure [43]. This crystallinity is reinforced by the prominent arranged microfibrillar crystalline structure
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of chitin in SEM (Figure 6A,B). The lower crystallinity of chitosan indicates disruption of intra- and
inter- molecular hydrogen bonds, and the lower crystallinity of fungal chitin and chitosan produced by
C. elegans might indicate their improved water solubility in comparison with commercial chitin and
chitosan, probably due to the more severe extraction conditions during thermochemical extraction, as
related by Zhang et al. [37]. This lower crystallinity of fungal chitosan in relation commercial chitosan
to is supported by the intensity of its peak which was also less than the peak of commercial chitosan
around 20°. With these results, and based on the literature, it can be concluded that fungal chitosan
displays an organized reticular structure and its crystallinity is related to the DD% function [4,26].

Figure 7. X-ray diffractograms of chitosan (A) and chitin (B) obtained from Cunninghamella elegans.
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2.4. Cytotoxicity test using chorioallantoic membrane (HET-CAM test)

The cytotoxicity of chitin and chitosan were verified using the HET-CAM test. Cytotoxicity was
evaluated for development of irritation symptoms, such as haemorrhage, coagulation (intra- and
extravascular protein denaturation) and vasoconstriction, when the test substances were added to the
membrane and left in contact for 5 min (Table 6). The polymers were shown to be non-irritating
(IS = 0.0) because they did not prompt vasoconstriction, haemorrhage or coagulation in the CAM within
5 min.

The CAM has been proposed as a model for a living membrane because it has a functional
vasculature. The acute effects induced by a test substance on the small blood vessels and proteins of
this soft tissue membrane are proposed to be similar to those of the rabbit eye test, while offering the
advantages of being more universally acceptable as it is a non-animal test and is completed more
rapidly [44]. Several studies have been conducted to evaluate the feasibility of using HET-CAM as a
complete replacement for the in vivo rabbit ocular test. This test has several advantages, including due to
its being simple, rapid, sensitive, easily performed and relatively cheap [45,46].

In Germany and France, HET-CAM has been officially accepted as a valid in vitro assay, at least for
predicting several irritating substances [47]. Current laws regulating animal experimentation allow
protocols that use chick embryos without authorisation from animal experimentation committees;
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however, in the UK, the British Animal Welfare Act (1986) states that an embryo egg up to 10 days of
gestational age can be used as a non-animal test [44,45].

Table 6. Cytotoxicity of chitin and chitosan evaluated for the development of irritant
endpoints: vasoconstriction, haemorrhage and coagulation.

Assays Chitin Chitosan 1% SLS
Vasoconstriction 0.0 0.0 6.0 £1.0
Haemorrhage 0.0 0.0 48 £3.0
Coagulation 0.0 0.0 63 +3.0
Irritation potential 0.0 0.0 1774+ 0.4

Non-irritating: 0-0.9; slightly irritating: 1-4.9; Irritating: 5-8.9 and severely irritating:
9-21; Positive control: 1% sodium lauryl sulfate (SLS); mean values (%) in quintuplicate

3. Experimental
3.1. Microorganism and Maintenance

A Cunninghamella elegans strain UCP/WFCC 0542 was isolated from mangrove sediments situated
in Rio Formoso, Pernambuco State of Brazil, and belongs to the Culture Collection of the
“Universidade Catolica de Pernambuco” (UCP), located in the Nucleus of Research in Environmental
Sciences, Catholic University of Pernambuco, Brazil —NPCIAMB/UNICAP. The Culture Collection is
registered in the World Federation for Culture Collection (WFCC). The fungus is maintained on potato
dextrose agar (PDA) medium at 5 °C. The culture is transferred to a new medium every four months.

3.2. Chemicals, Cassava wastewater (CW) and Corn Steep Liquor

All reagents used were of analytical grade. The acetic acid and NaOH were obtained from Vetec
(S&o Paulo, Brazil), and the crustacean chitin and chitosan from Sigma Aldrich (St. Louis, MO, USA).
The tropical residue cassava wastewater (CW) was kindly provided from local industry and corn steep
liquor (CSL), which is a byproduct of the corn manufacturing industry (kindly donated by Corn
Products do Brasil, Cabo de Santo Agostinho, PE, Brazil) was used as the soluble substrate. These
agro-industrial wastes were used as the carbon and nitrogen source as per the 22 factorial designs.

3.3. Elementary analysis of Cassava wastewater (CW) and Corn Steep Liquor

The elementary analysis of CW and CSL was carried out on a model EA 1110 Carlo Erba
Instruments (city, country) elemental analyzer.

3.4. Biomass Production by C. elegans

Cunninghamella elegans was grown in Petri dishes (9 cm in diameter), containing PDA medium at
28 °C for 8 days. A suspension was prepared and counted to 10’ sporangioles/mL, using a
hematocytometer. Petri dishes with PDA were inoculated with 1 mL of the sporangiole suspension and
maintained for 18 h at 28 °C. At the end of the desired incubation period a total of 20 discs of PDA
medium (1 cm diameter) with the mycelium of C. elegans were inoculated in Erlenmeyer flasks
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containing 200 mL of the alternative medium, pH 5.6, with varying levels of corn steep liquor (CSL)
and cassava wastewater (CW) concentrations. These parameters were varied symmetrically around the
central point according to the 22 factorial design (Tables 1 and 2). The flasks were incubated at 28 °C in
an orbital shaker at 150 rpm, for 24 h. Thereafter, the culture used as pre-inoculum was transferred to
the Erlenmeyer flasks with 150 mL of the alternative medium, pH 5.6 and incubated at 28 °C in an
orbital shaker at 150 rpm for 72 h. The mycelia were harvested, washed twice in distilled water by
filtration, using a nylon membrane silkscreen (120 F), and underwent lyophilization. Afterwards, the
biomass was maintained in a vacuum dissector until constant weight.

3.5. Factorial design

A 22 full factorial design was carried out to analyze the main effects and interactions of cassava
wastewater (CW) (5%-10%) and corn steep liquor (CSL) (4%-8%) on the response variable of
biomass, chitin and chitosan yield by C. elegans and to select the best condition for the production of
the mycelia and biopolymers as per the variables established (Table 7). The Pareto diagrams were
compiled to validate the influence between these agro-industrial wastewaters (independent variables)
and the response variables. An estimate of pure experimental error was calculated from four replicates
run corresponding to a central point of the complete factorial. The data obtained from the experiments
were subjected to statistical analysis by STATISTICA software version 7.0 (StatSoft Inc., Tulsa, OK, USA)
and the significance of the results was tested at p < 0.05 level.

Table 7. Design matrix for the factorial experiments used to evaluate the influence of 2
factors (cassava wastewater (CW) and corn steep liquor) on biomass, chitin and chitosan
production by Cunninghamella elegans UCP/WFCC 0542, with experimental conditions set
at the mean of two extreme levels (—1 and +1) and a central point (0).

Factor levels

Independent Variable

-1 0 +1
Cassava wastewater (CW) % (v/v) 5.0 7.50 10.00
Corn steep liquor (CSL) % (v/v)  4.00 6.00 8.00

3.6. Determination of pH

After culture, the pH of the cell-free metabolic liquid was determined by potentiometry. All
experiments were performed in triplicate.

3.7. Chitin and Chitosan Extraction

The extraction of chitin and chitosan was carried out using dry biomass of Cunninghamella elegans
following the methodology of Hu et al. [48]. After drying the biomass, it was treated with 1 M NaOH
solution (1:30 w/v, 121 °C, 15 min). Alkali-insoluble material was obtained by centrifugation (4,000 g,
20 °C, 10 min), and extracted using 2% of acetic acid (1:30 w/v, 100 °C, 15 min) followed by
centrifugation at 4,000 g, 20 °C, 15 min. The supernatant was obtained and the pH was adjusted to 10,
and maintained overnight at 5 °C, until the chitosan fraction was precipitated. The chitosan was

91



Molecules 2014, 19 17

obtained by centrifugation at 4,000 g, and washed with distilled water four times, freeze-dried, and kept
in a dissecator until constant weight.

3.8. Characterization of chitin and chitosan
3.8.1. Infrared Spectroscopy (Deacetylation Degree—DD%)

The degree of deacetylation (DD%) for microbial chitin and chitosan were determined using infrared
spectroscopy as per Baxter et al. [49], using the absorbance ratio A1655/A3450 and calculated as
shown in Equation (1):

DD (%) = 100 — [(A1655/A3450) x 115] (1)

Two milligram samples of fungal chitin and chitosan, which had been dried overnight at 60 °C
under reduced pressure, were thoroughly blended with 100 mg of KBr, to produce 0.5 mm thick disks.
The disks were dried for 24 h at 110 °C under reduced pressure. Infrared spectrometry was undertaken
with a Bruker 66 Spectrometer (Bruker Optics, Ettlingen, German), using 100 mg KBr disks for reference.

3.8.2. Viscosity

The viscosity of 1% chitosan in 1% acetic acid solution was determined using a Brookfield digital
rheometer (Model DV-II, Brook Engineering Laboratories, Inc., Stoughton, MA, USA) at 25 °C,
Spindle CPE-40, 0.5 mL sample volume.

3.8.3. Molecular Weights of Chitosan

The molecular weights of chitosan were determined by viscosity, using the procedure described by
Fai et al. [4]. The viscosity of chitosan was determined using an AVS-350 viscometer (Schott-Gerdte,
Mainz, German), type/capillary: Cannon-Fenske dinsice= 1.01mm, at 25 °C. After obtaining the intrinsic
viscosity from tables, K and a, were obtained for HAc/NaAc. K = 0.076, a = 0.76. The flow time was
determined in seconds. Using the Mark-Houwinks equation, the average viscosimetric molecular weight
was expressed in g/mol.

3.8.4. Thermal Analysis

Thermogravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC) were carried out
using Shimadzu model 50WS and Shimadzu model DSC-50WS thermal analysis instruments,
respectively (Shimadzu, Kyoto, Japan). An accurately weighed (10 mg) chitosan sample was placed in
an aluminum cup and sealed. The experiment consisted of heating the samples from 0 to 400 °C under
the continuous flow of dry nitrogen gas (50 mL-min™?), at a heating rate of 10 °C-min™2.

3.8.5. Elemental Analysis

The elemental analysis was carried out on the elemental analyzer model EA 1110 Carlo Erba
Instruments equipment and approximately 3 mg of chitin and chitosan was used. The elemental
analysis was also used to determine the percentage of carbon, hydrogen and nitrogen.
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3.8.6. Scanning Electron Microscopy

The dried sample was ground under vacuum using a sputter coater and its surface was observed in a
scanning electron microscope, Series XL 30 (Umax) Environmental Scanning Electron Microscopy
(ESEM) equipped with a tungsten filament using a 20 kV accelerating voltage.

3.8.7. Crystallinity Index

The X-ray diffractograms of chitin and chitosan were obtained in the X-Ray Laboratory of the
Physics Department—Federal University of Pernambuco—UFPE. The measurement was taken using
Siemens Model 5000 D X-ray equipment (Siemens, Munich, Germany), Cu Ka radiation with A =
1.542 A, in a scanning range between 4° and 50° with a rate of 0.02 min~!. The interplanar distance was
determined by the width of the half peak height of greatest intensity (IC). The crystallinity index (ICR)
was determined using the following equation:

Crystallinity index (%) = 100{[I(6c) — I(6a)] / 1(6¢)} 2

where I (B¢) is the relative intensity of the crystalline (20 = 20°) and I (6a) corresponds to amorphous
regions (20 = 12°) for chitosan.

3.9. Cytotoxicity Test Using Chorioallantoic Membrane (HET-CAM Test)

To evaluate the cytotoxicity and biocompatibility of chitin and chitosan, Hen's Egg Tests (HETS)
were performed on the chorioallantoic membrane (HET-CAM) as per the methodology described by
Steiling et al. [47]. All assays were repeated five times. Membranes were observed for 5 min for signs of
vasoconstriction, haemorrhage and coagulation. The time (in seconds) at which the indicated processes
began were applied in Equation (1) [50]:

(301 — hemorrhage)s N (301 — lysis)7 N (301 — coagulation)9
300 300 300 (3)

After application of the formula above, it was possible to quantify the observed potential for
irritation (irritation score-1S) and to obtain means and standard deviations for the analysis as follows:
0-0.9 no irritation, 1-4.9 slight irritation, 5-8.9 moderate irritation and 9-21 severe irritation [50].

4. Conclusions

Considering the results obtained with corn steep liquor (CSL) and cassava wastewater (CW) these
renewable substrates may be used as alternative substrate sources for chitin and chitosan production by
Cunninghamella elegans. The use of tropical residues as nutrients for the large-scale production of
these biopolymers is viable, economic and environmentally friendly. The microbiological chitin and
chitosan obtained are not irritating, are biocompatible and have chemical properties that enable it to be used
for biotechnological applications. The fundamental data obtained contributes to our understanding of the
abilities and potential of C. elegans, and effectively reduced the costs of chitin and chitosan production.
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Abstract: The present study aims to produce chitin and chitosan by Cunninghamella
elegans and Rhizopus arrhizus strains using green metabolic conversion of agroindustrial
wastes (corn steep liquor and molasses). The physicochemical characteristics of the
biopolymers and antimicrobial activity were described. Chitin and chitosan were extracted
by alkali-acid treatment, and characterized by infrared spectroscopy, viscosity and X-ray
diffraction. The effectiveness of chitosan from C.elegans and R. arrhizus in inhibiting the
growth of Listeria monocytogenes, Staphylococcus aureus, Pseudomonas aeruginosa,
Salmonella enterica, Escherichia coli and Yersinia enterocolitica were evaluated by
determining the minimum inhibitory (MIC) and bactericidal concentrations (MBC). A
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higher production of biomass (24.60 g/L), chitin (83.20 mg/g) and chitosan (49.31 mg/g)
was obtained by R. arrhizus. Chitin and chitosan of both fungi showed similar degree of
deacetylation, respectively of 25% and 82%, crystallinity indexes of 33.80% and 32.8% to
the chitin, and 20.30% and 17.8% to the chitosan. Both chitosan presented similar
viscosimetry of 3.79-3.40cP and low molecular weight of 5.08 x 10° g/mol and 4.68 x 10°
g/mol. The both chitosan showed identical MIC and MBC for all bacteria assayed. These
results suggest an environmentally friendly conversion of agroindustrial wastes and
economic chitin and chitosan production and the antimicrobial potential of chitosan against
pathogenic bacteria.

Keywords: Zygomicetes; polymer; agroindustrial waste; antibacterial activity,

1. Introduction

Chitosan is a natural co-polymers of chitin, composed by units of 2-amino-2-desoxi-
Dglycopyranose and of 2-acetamide-2-desoxi-D-glycopyranose interconnected by glycosidic bonds -
1,4 in variable proportions. The first type of units is frequently present in chitosan [1]. Chitin is present
as structural element in the exoskeleton of crustaceans, mollusks, annelids, coelenterates, insects, and
is also a major component of the fungal cell wall, particularly of Zygomycetes [2,3]. Chitosan is a
cationic and linear polymer, naturally found in the cell wall of fungi, mainly in the Mucorales order.
Although the main commercial source of chitosan is crustacean shells, some studies have purposed that
cultivation of selected fungi could provide an effective source of chitosan for industrial applications
[1,2,4].

Recent advances in fermentation technology to the fungal production of chitin and chitosan has
received worldwide attention and it’s suggested that many of these problems found in the traditional
biopolymers extraction can be overcome [5,6]. The use of chitin and chitosan from fungi biomass has
great advantages, such as independence from seasonal factors, wide scale production, simultaneous
extraction of the polymers, and the fact that the process of chitosan extraction is simple and cheap,
resulting in reduced time and cost. Moreover, this strategy avoids protein contamination, particularly
from proteins that could cause allergic reactions in individuals with shellfish allergies [4, 7,8].

The biowaste or some industrial by-products such as molasses, corn steep liquor and cassava
wastewater can be used as very economic nutritional sources to grow fungi. This alternative favor the
obtaining of a byproduct with high value added and decrease the total production costs [9,10]. The
molasses cane sugar, a byproduct of the sugar industry, has constituted a large amount of fermentable
sugars and is considered a waste of easy handling, low cost, with great potential and many applications
at industrial level. By virtue of its composition, the molasses is used mainly as a source of carbon and
energy necessary supplement it with nitrogen and some minerals, especially phosphorus and
magnesium [11]. The corn steep liquor, a residue from the corn processing industry, has a large
amount of amino acids, vitamins and mineral necessary to the growth of microorganisms [2]. Thus the
substrates molasses and corn steep liquor could be considered low-cost alternatives to meet the nutrient
and energy (carbon, hydrogen, oxygen and nitrogen) requirements for growth of any microorganism.
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Chitin and chitosan has emerged as one of promissory functional materials of choice for various
modern bio-based industrial applications such as cosmetics, waste water treatment, pharmaceuticals,
food industrial, agricultural and environmental sectors. Their characteristics such as non-toxicity,
biodegradability, biocompatibility, antimicrobial activity, environmentally safe and easy to obtain
favor their current and future applicability [12,13].

Antimicrobial activity of chitosan has been pointed out as one of its most promising properties and
this activity depends on its molecular weight, deacetylation degree and methods used to obtain the
polymers [14,15]. The antimicrobial activity of chitosan has been pointed out as one of the most
interesting properties of chitosan [16]. Several researchers demonstrated that this polysaccharide has
antimicrobial action in a great variety of microorganisms, included gram-positive bacteria and various
species of yeast [1, 17, 18]. Moreover, chitosan has numerous advantages over other chemical
disinfectants since it possesses a stronger antimicrobial activity, a broader range of activity, a higher
antibacterial activity even at low concentrations, and a lower toxicity towards mammalian cells [12].

In this point of view, the present study aims to optimization the produce chitin and chitosan by
Cunninghamella elegans and Rhizopus arrhizus using two agroindustrial waste, corn steep liquor and
molasses, as alternative low cost source of carbon and nitrogen. The physicochemical characteristics
and antimicrobial activity of the chitin and chitosan synthesized are also described.

2. Results and Discussion

4.1. Comparative Influence of the Molasses and Corn Steep Liquor on the Biomass, Chitin and
Chitosan Production by C. elegans and R.arrhizus.

The influence of different molasses and corn steep liquor concentrations in biomass, chitin and
chitosan yields by C.elegans and R. arrhizus was observed in this study. Table 1 present the
comparative analysis of the results obtained in each assay of the 22 factorial design. The molasses and
corn steep liquor in the highest concentrations presented directly proportional effect on the increase of
biomass production for both fungi. The best yields of biomass by C.elegans, 16.00 and 14.47 g.L*,
and R. arrhizus, 24.60 and 21.00 g.L, were obtained in the assays 4 (4.00% molasses, 8.00% corn
steep liquor ) and 6 (2.50 % molasses, 5.00 % corn steep liquor), respectively, which shows higher
concentrations of molasses and corn steep liquor. On the other hand, the assay 2 (4% molasses, 2%
corn steep liquor), which the molasses concentration is twice higher than corn steep liquor
concentration, provided the best yields of chitin by C elegans (72.29 mg. g*) and R. arrhizus (83.20
mg.g™?).

The greats yields of chitosan, 26.29 mg.g* and 33.13 mg.g* from C.elegans, and 49.31 mg.g™* and
40.67 mg.g™* from R. arrhizus were presented in the culture media 1, consisting of the lower molasses
(1%) and corn steep liquor (2%) concentrations, and in the central point with intermediate
concentrations (2.5% molasses, 5% corn steep liquor) of these substrates, respectively. Therefore, R
arrhizus presented biomass and chitosan yields higher than 30% when compared to those obtained by
C. elegans. The production of chitin by R. arrhizus was also 13% higher than the yield obtained by C.
elegans.
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Table 1. Biomass, chitin and chitosan produced by Cunninghamella elegans and Rhizopus
arrhizus on each assays with different concentrations of molasses and corn steep liquor
varied symmetrically around the central point according to the 22 factorial design. An
estimate of pure experimental error was calculated from four replicates run corresponding
to a central point of the complete factorial (assays 5-8).

Biomass (g.L ™) Chitin (mg.g™) Chitosan (mg.g™t)
Assays

C.elegans R.arrhizus C.elegans R.arrhizus C.elegans R.arrhizus
1 7.41 8.25 64.96 45.72 26.29 49.31
2 9.53 13.15 72.29 83.20 21.40 31.83
3 7.93 17.50 70.40 57.40 25.63 20.14
4 16.00 24.60 50.00 56.46 17.40 25.87
5 14.47 18.00 59.09 73.29 28.33 37.67
6 13.61 21.00 63.00 70.48 26.84 40.67
7 13.58 20.60 69.11 70.53 33.13 39.00
8 13.90 19.30 60.40 69.23 29.43 38.15

There was an decrease in the pH range from 5.6 to 4.41, similar result was observed by Santos et
al.[10]. The lower pH resulted in the higher yields of biomass, probably this acidic condition is better
for the C. elegans and R. arrhizus growth. The influence of the culture media pH in the biomass yield
was also observed by Nwe et al. [19] and Nwe et Stevens [20] who observed that the slightly acidic pH
values is more favorable to the fungal growth. The low pH is optimal for the activity of chitin
deacetylase and consequently favors the enzymatic deacetylation of chitin into chitosan, increasing the
yield of this biopolymer [21].

The bioprocesses are dependent of culture media and under appropriate and favorable conditions to
the maintenance of microorganisms to express their biotechnology potential [22]. Therefore, specific
concentrations of molasses and corn steep provided the conditions to obtain satisfactory yields of
biomass, chitin and chitosan for C elegans and R. arrhizus when compared to the values presented in
the literature (Table 2). The results obtained in this study compared with the yields of biomass, chitin
and chitosan by others microorganisms proves that these biopolymers content depends of the fungal
strains, mycelia age, cultivation medium, growth conditions and chitin and chitosan extraction method
used [23, 24].
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Table 2. Biomass, chitin and chitosan production by C.elegans and R. arrhizus grown on
Agroindustrial waste compared results obtained by the literature.

Microorganism Substrate Biomass Chitin Chitosan Reference
(gL (mg.g%) (mg.g%)
nninghamell rn steep liquor an )
Cunninghamella Corn steep liquor and 16.00 72.29 26.29 This study
elegans molasses
. . C teep li d i
Rhizopus arrhizus orn steep fiquor an 24.60 83.20 49.31 This study
molasses
. . C teep li d
Rhizopus arrhizus orn steep fiquor an 8.80 54.38 20.51 [2]
cassava wastewater
inghamell
Cunninghamella Coconut water 2,19 389 129 2]
elegans
Rhizopus arrhizus Corn steep liquor 4% 13.00 30.40 12.85 [25]
Mucor
| viueor Yam bean 20.70 500 64 [4]
circinelloides
Cunninghamella
Yam bean 24.30 440 66 [8]
elegans
12.89 (%)
- . Candy effluent, 52.71(%
Absidia corymbifera ooy SHuent, com 12.68 128.9 (%) [22]
steep liquor malg 520mg/g

- Data not shown

The alteration of culture conditions can increase the production of chitin deacetylase, enzyme
responsible for the bio-conversion of chitin to chitosan; and consequently it can influence the cell wall
synthesis in fungus to improve chitosan productivity [26].

The Pareto graph was used to show the effect of the independent variables, molasses and corn steep
liquor, on biomass, chitin and chitosan productions by C. elegans and R. arrhizus. This statistical
analysis has proved effective in assessing the influence of independent variables during the search for
an optimization of the specific result [5].

The Pareto graphics (Figure 1 A and B) shows the positive effect of the molasses and corn steep
liquor, including the interaction of these two independent variables on the biomass production by both
fungi, as also observed in Table 1, assay 4 (4.00% molasses, 8.00% corn steep liquor) with the higher
concentrations of these variables and biomass production.
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Figure 1. Pareto graphics showing the effect of the independent variables, corn steep
liquor and molasses, on the biomass production by Rhizopus arrhizus (A) and
Cunninghamella elegans (B).
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In the figure 2A, the Pareto graphics also confirms the positive influence of molasses and the
negative influences of corn steep liquor and the interaction between these variables in the production
of chitin by Rhizopus arrhizus. The same result was showed in the assay 2 (4% molasses, 2% corn
steep liquor), which provided the best yields of chitin with only the molasses in the higher
concentrations. The Pareto chart, figure 2 (B) shows that lower concentrations of molasses and corn
steep liquor favors the increase of chitin produced by C. elegans. The same result occurred in the
assays 2 and 3 of the factorial design which presented the highest chitin yields for this fungus grown in
low concentrations of corn steep liquor (assay 2) or molasses (assay 3).

Figure 2. Pareto graphics showing the effect of the independent variables, corn steep

|
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The chitosan results showed in Table 1 were also corroborated by Figure 3, which shows the
negative effect in the chitosan production by C.elegans with the increase of these substrates. The
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decrease of the molasses or corn steep liquor concentrations, or the increase of these two substrates
simultaneously in the culture medium promote higher production of chitosan by R. arrhizus. However,
higher concentrations of corn steep liquor and molasses than those used in the central point shown not
to favor the chitosan production (assay 4, Table 1).

Figure 3. Pareto graphics showing the effect of the independent variables, corn steep
liquor and molasses, on the chitosan yield by Rhizopus arrhizus (A) and Cunninghamella
elegans (B).
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The analysis of these results suggests an economic culture medium, with specific concentrations of
molasses and corn steep liquor as sources of carbon and nitrogen, to obtain better yields of biomass,
chitin and chitosan by C. elegans and R. arrhizus. Thus, probably to obtain better biomass production
by these fungi would be necessary to increase the concentration of molasses and corn steep liquor.
From these fungi, the great chitin yields could be obtained using a culture medium with higher
concentrations of molasses and lower concentrations of corn steep liquor. Furthermore, the increase of
chitosan production could be achieved using values from molasses or corn steep liquor below to the
lower levels of these substrates tested or intermediate concentrations. These great influence of culture
conditions and nutritional sources for obtaining satisfactory yields of microbial chitosan were also
observed by Pochanavanich and Suntornsuk [24] and Nadarajah et al [27].

Other studies also show increased production of biomass, chitin and chitosan by Mucoralean fungi
such Absidia corymbifera [25], Rhizopus arrhizus [2, 25,28], C. elegans [10] and Syncephalastrum
racemosum [9] in culture medium with specific concentrations of corn steep liquor. Santos et al [10]
reported the increase of biomass production by Cunninghamella elegans is provided due to the
presence of considerable amounts of amino acids (alanine, arginine, histidine, leucine, lysine, tyrosine,
phenylalanine) and vitamins (biotin, choline, inositol, niacin, pyridoxine, thiamine) that are essential
for the growth of the microorganism. Edwinoliver et al [29] also suggest that the use of corn steep
liquor for lipase production from Aspergillus niger makes the process green, because this substrate is
renewable and economically viable at an industrial scale.

Amorim et al [11] also showed that molasses is an inexpensive carbon sources for the growth and
chitosan production by Cunninghamella bertholletiae and the authors suggest the cultivation of this
fungus by using only these carbon sources without nitrogen supplements resulting in satisfactory
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growth and chitosan production. However these authors have also shown that high concentrations of
molasses inhibit the production of chitosan, as observed in this study. Amorim et al [11] suggested that
the concentration of sugar was not the only factor responsible for the decrease of chitosan in molasses
medium. Probably this could be explained by the presence of other substances generated during their
different production processes which inhibited the enzyme that produces chitosan, as shown from the
highest quantities of inorganic impurities detected by thermogravimetric analyses in chitosan
preparations obtained from the C. bertholletiae cell growth in molasses.

The controlled use of low cost substrates for replacing or supplementing the culture media,
generally used with commercial nutrients, can decrease the final value of byproducts, mainly in large
scale production, and in addition this alternative promotes recovery of environments contaminated by
agribusiness.

4.2. Characterization of Chitin and Chitosan Extracted from the Cunninghamella elegans and
Rhizopus arrhizus

4.2.1. Infrared Spectroscopy (Deacetylation degree—DD%)

The infrared spectrum of chitin and chitosan from Cunninghamella elegans and Rhizopus arrhizus
(Figure 4) growth in the culture medium of the assay 2 and 1, respectively, were similar to those
reported in the literature [5,8, 30]. The chitin showed the presence of two types of amide group (amide
I and I1). The most significant parts of both chitin was the characteristics bands related to the CN bond
stretching plus CHs wagging (1311 and 1313 cm™; the N-H deformation in the CONH plane,
including amide 11 to (1546 and 1564 cm™; and the carbonyl groups stretching, C=0 (amide 1) (1652
and 1654 cm™. In a similar way, chitin shows the specific bands in the amide Il region: 1146 cm™ and
1171 cm'}; 1371 and 1377 cm™ (C-O stretching of the -CH2-OH group); 1441 cm™ and 1453 cm™, the
axial deformation of the amide C-N; 2933 cm™ and 2917 cm, assigned to the C-H stretching; and
3441 cm™ and 3430 cm?, corresponding the axial deformation of OH, which appears overlapping the
band of axial NH deformation.

The infrared spectrum of fungal chitosan also presented the most significant amide bands as 1312-
1311 cm, 1453-1408 cm™, and 1654-1655 cm™, but these peaks are less intense than in Fungal Chitin,
mainly the peak 1654-1655 cm™. When compared with the infrared spectrum of chitin, the chitosan
spectrum showed the disappearing of the band at 1550 cm™ (amide Il vibrational mode) and the
progressive weakening of the band 1655 cm™(amide | vibrational mode) as consequence of the N-
deacetylation process. Fungal Chitosan also presented the bands 2920.97 cm™ and 3420.99 cm?, as
observed in the spectrum of Fungal Chitin. Ebrahimzadeh et al. [30] related that during the chitosan
production, acetyl is eliminated after hydrolysis and, consequently, the carbonyl band gets eliminated
in chitosan. However, the infrared spectrum of Fungal Chitosan with these amide bands, i.e, the acetyl
in the amino group (stretching, C=0, amide 1) shows that the Fungal Chitosan is not completely
deacetylated.

Deacetylation Degree (DD%) is an important parameter associated with the physico-chemical
properties of the chitosan, because it is linked to the chitosan cationic properties [4, 8, 24]. In the
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present study, chitin presented 24.99% and 40% of DD and chitosan showed 80% and 82% DD from
C. elegans and R. arrhizus, respectively which are similar to the reported by the literature [11,23,31].

Figure 4. Infrared absorption spectra (A) Chitosan produced by microbiological
Cunninghamella elegans assay 2; (B) Chitin produced by microbiological Cunninghamella
elegans assay 2 (C) Commercial chitosan (Sigma).
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4.2.2. Viscosity and molecular weight

The viscosity and molecular weight of fungal chitosan were 3.40 centipoises and 4.96 x 10° g.mol™*
from Rhizopus arrhizus and 3.79 (cP) and 5.08 x 10° g.mol! from Cunninghamella elegans
respectively. The result is in agreement with the literature, which reports molar weights ranging
between 1,0 x 10% to 9,0 x 10°g.mol? [2, 11]. The method for chitin and chitosan extraction used in
this study with high temperatures and NaOH solution may have influenced the breaking of the polymer
resulting in a lower molecular weight chitosan. These results are considerably lower than the viscosity
of crab chitosan and similar to others fungal chitosan [24]. Some authors related the viscosity of fungal
chitosan between 2.7 to 11.3 cP [30,32] and the crab shell chitosan between 316.2 and 372.7 cP [24].

The viscosity of chitosan is directly proportional its molar mass and the results presented in this
study corroborate with this statement. The isolate chitosan showed low viscosity and also exhibited
lower molar mass, suggesting the molecular weight of fungal chitosan may be lower than that crab
chitosan. These characteristics provides improved solubility in water at physiologically acceptable pH
values which facilitates some applications in food, medical, agricultural and an antimicrobial and
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preservative agent according the literature [24,32,33]. Tayela et al [15] showed that most bioactive
chitosan type, to inhibit Candida albicans growth, showed the lowest molecular weight (32 kDa) and
the highest deacetylation degree (94%).

4.2.3. X-ray diffraction

X-ray diffraction is commonly used to determine the polymorphic forms of a compound having
different crystalline structures for which distinct powered X-ray diffraction patterns are obtained
[4,31]. Based on these patterns it is possible to observe differences in the spacing of crystal planes and
polymorphic structure, and provide accurate measurements of the crystalline content, which influences
the physical and biological properties of the polymer [4,13,31].

The Figure 5 shows the X-ray diffractograms of chitin and chitosan from C. elegans and R. arrhizus
growth in the assay 2 and 1 of the factorial design, respectively. The crystallinity indexes of these
biopolymers were determined from the scattering intensity at two angles, one at 2= 9-10°
representing the diffraction intensity of amorphous regions and another at 20 =19-20°, the diffraction
intensity of the crystalline regions. This peak at about 9.00° disappeared in both fungal chitin, probably
this suggests a biopolymer with more crystalline structure. This could also indicate the need of a
purification process to obtain a satisfactory biopolymer [34]. The diffraction pattern of chitosan
(Figure 5 C,D) from Cunninghamella elegans grown in the Assay 2 (Table 3) showed strong Bragg
refractions at an angle 20.0° and 9.0° which are two characteristic peaks of chitosan, similar to the
observed by the literature [4,7] .

The crystallinity indexes results were 33.80% and 32.8% to the chitin, and 20.30% and 17.8% to the
chitosan obtained by Cunninghamella elegans and Rhizopus arrhizus in Assay 2, respectively. Overall,
the crystallinity index of chitin was higher than that of chitosan, in which a lower crystallinity of
polysaccharides indicates disruption of intra- and inter-molecular hydrogen bonds. The higher
crystalline index of chitin reflected its higher degree of crystallinity and a more ordered structure and
the lower cristallinity of chitosan indicates disruption of intra- and inter- molecular hydrogen bonds
[35]. These results were also lower than those obtained for chitin (45.60%) and chitosan (23.82%)
from crustacean standard (data not shown). The results are supported with the literature [4,31].
Tolaimate et al [36] suggested that these lower crystallinity indexes in chitin and chitosan produced by
microbial fermentation might indicate their improved water solubility in comparison with chitin and
chitosan prepared from the chemical extraction method, probably due to the more severe extraction
conditions during the chemical extraction. Some authors also related that the cristallinity index of
chitosan is related to its deacetylation degree function [4,31].
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Figure 5. X-ray diffractograms of chitin (A,B) and chitosan (C,D) obtained from
Cunninghamella elegans and Rhizopus arrhizus biomass, respectively.
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4.2.4. Scanning electron microscopy

The chitin and chitosan produced by Cunninghamella elegans and Rhizopus arrhizus growth in the
assay 1 and 2 were selected to the scanning electron microscopy examination (Figure 6).

The chitin showed prominent arranged microfibrillar crystalline structure in SEM (Fig. 6A and D)
which was absent in the chitosan (Fig. 6B and C), as observed by Ming-Tsung et al [37], Arbia et al.
[5]; and Chan, Chen, and Yuan [38] ,Yen; Mau [39]. The crystallinity of fungal chitin observed is
reinforced with the prominent arranged microfibrillar crystalline structure of this biopolymer in SEM
(Figure 5A, D).

Ming-Tsung et al [37] related that the observed crystallinity structure between fungal and crab
chitins might also be attributed to their different intersheet or intrasheet hydrogen-bonding systems.
However, the preview of this microfibrilar structure in the chitin may have been provided by the
extraction process of this biopolymer, i.e, the deproteinization step. The fungal chitosan exhibited a
structure more compact, dense, with layers of crumbling flake without porosity as observed in
crustacean chitosan by Ming-Tsung et al [37] and Yen; Mau [39] to the fungal chitosan.
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Figure 6. SEM photographs of chitin (A) and chitosan (B) produced by Rhizopus arrhizus
and chitosan (C) and chitin (D) produced by Cunninghamella elegans, in the Assay 2 and
1, at 500x and 1000x magnification. The measurement bar = 50 pum.

4.3. Antimicrobial activity

The effectiveness of chitosan from C. elegans and R. arrhizus in inhibiting the growth of L.
monocytogenes, S. aureus, P. aeruginosa, S. enterica, E. coli, and Y. enterocolitica by determining the
MIC and MBC is shown in Table 3. The both chitosan showed identical MIC and MBC for all bacteria
assayed. These results are in agreement with those reported in literature [40, 41]. The chitosan samples
tested were more effective to inhibit Gram negative bacteria compared to Gram positive, except for
Listeria, which showed higher MIC and MBC.

The antimicrobial activity of chitosan is well documented against a number of pathogenic
microorganisms, with MIC varying from 0.01% to 1% [41,42]. The antibacterial activity of chitosan in
vitro depends on the physicochemical characteristics of chitosan and the specie, or even the strain of
the bacteria tested [14,43].

Chung et al [14] investigated the relation between antimicrobial activity of the chitosan and the
characteristics of the cellular wall of bacteria. They verified that the chitosan is antibacterial agent
more efficient to Gram-negative bacteria due the composition of phospholipids and carboxylic acids of
the bacterial cellular wall. These results suggest that the effects of the chitosan are distinct in the two
types of bacteria: in the case of the gram-positive, the hypothesis is that chitosan of low molecular
mass penetrates more easily in gram-negative bacteria, causing riots in the metabolism of these
microorganisms. In addition the authors demonstrated that although the cell wall hydrophilicity is
similar among Gram-negative bacteria, the distribution of negative charge on their cell surfaces can be
quite different. Most negatively charged cell surfaces have a greater interaction with chitosan. This
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could explain why the susceptibility of Listeria, S. enterica and Y. enterocolitica to both microbial
chitosan in this study were different from the other Gram-negative bacteria tested (Table 3).

Table 3. Minimum inhibitory concentration (MIC) and Minimum bactericidal
concentration (MBC) of chitosan from C. elegans and R. arrhizus against food pathogenic
and spoilage bacteria.

C. elegans R. arrhizus
Microorganism
MIC MBC MIC MBC
S. aureus 300 ug. mL* 500 pg. mL* 300 pg. mL? 500 pg. mL*
E. faecalis 400 ug. mL* 600 pg. mL* 400 pg. mL? 600 pg. mL*
E. coli 200 ug. mLt 400 pg. mL? 200 pg. mL*? 400 pg. mL?
P. aeruginosa 200 ug. mLt 400 pg. mL? 200 pg. mL? 400 pg. mL?
L. monocytogenes 500 pg. mL* 1000 pg. mL? 500 pg. mL? 1000 pg. mL*?
Y. enterocolitica 300 ug. mL* 600 pg. mL* 300 pg. mL? 600 g .mL*
S. enterica 300 yg. mL* 500 pug. mL* 300 pg. mL*? 500 ug .mL*

*All bacterias growth in presence of acetic acid 1%

Chitosan exhibited antibacterial activity only in an acidic medium, which was usually attributed to
the poor solubility of chitosan above pH 6.5 and more positively charged polycationic molecules with
stronger affinity for cells [44,45]. Therefore, for the antimicrobial activity chitosan was dispersed in a
solution of 1% acetic acid. As acetic acid itself has antibacterial activity, a positive control, where
chitosan was replaced with sterile distilled water and 1% acetic acid, was used for each
microorganism, to assure that the antimicrobial activity evidenced is attributed to chitosan. Microbial
growth was observed in all positive controls. In addition, the viability of the bacterial strains was
confirmed by verifying their growth in BHI agar without adding chitosan.

Studies with electronic micrographs demonstrate that in Gram positive bacteria the chitosan
weakens or even though breaks up the bacterial cellular wall, while in the Gram negative the
cytoplasm is concentrated and the cell interstice, extended. The Gram-negative bacteria possess the
external membrane of the cellular wall composed by lipopolysaccharides (LPS) that provide a
hydrophilic surface to the bacterium. The LPS also have anionic groups (phosphate, carboxyl), which
contribute for the stability of the LPS through divalent electrostatic interactions with cations). The
removal of these cations for chelant agents result in the run down and molecule release of the LPS. On
the other hand, the cellular wall of the Gram-positive bacteria is composed mainly for peptidoglican
(PG) and teichoic acid -TA (polymer polyanion), which are linked covalently to the acid
Nacetylmuramic of the PG or anchored in direction to the cytoplasmic membrane, via glycolipid
(lipoteichoic acid -LTA), which provides a binding site with the chitosan, causing functional riots in
the membrane [1,18].
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3. Experimental Section
3.1. Materials

All reagents used were of analytical grade. The acetic acid and sodium hydroxide were obtained
from Vetec (S&o Paulo, Brazil). The molasses from sugar cane was procured from local market and
corn steep liquor, a byproduct of corn manufacturing industry, was kindly donated by Corn Products
do Brasil, Cabo de Santo Agostinho, PE, Brazil. These agroindustrial wastes were used as soluble
substrates and carbon and nitrogen source in the 22 factorial design.

3.2. Microorganisms and Biomass Production to Obtain Chitin and Chitosan

Cunninghamella elegans strain UCP/WFCC 0542 and Rhizopus arrhizus UCP/WFCC 0402 isolated
from mangrove sediments situated in Rio Formoso, PE, Brazil. These strains were deposited in the
Culture Collection of Catholic University of Pernambuco, Brazil, registered in the World Federation
for Culture Collection (WFCC). The fungus were maintained on Potato Dextrose Agar (PDA) medium
at 5 °C and transferred to a new medium every four months.

To biomass production, both fungi were grown in Petri dishes containing PDA medium at 28 °C for
8 days until sporulation. Petri dishes containig PDA were inoculated with 1 mL of the sporangioles
suspension (107spores. mL™?) of C. elegans and R. arrhizus and maintained for 18 hours at 28 °C. After
the incubation time, 20 discs (1 cm diameter) with mycelium of both fungi were cut from these Petri
dishes and inoculated in Erlenmeyer flask containing 200 mL of the alternative medium with molasses
and corn steep liquor, pH 5.6. The flasks were incubated at 28°C in an orbital shaker at 150 rpm,
during 96 hours. The mycelia were harvested, washed twice in destilled water by filtration, utilizing a
silkscreen nylon membrane (120 F). After lyophilization the biomass were maintained in a vacuum
dissecator until constant weight.

3.3. Factorial Design

A 22 full factorial design was carried out to analyze the main effects and interactions of molasses
(1-4%) and corn steep liquor (2-8%) on the response variable of biomass, chitin and chitosan yield by
C. elegans and R. arrhizus to select the best condition for mycelia and biopolymers productions in
accordance with the variables established (Table 4).The Pareto diagrams were undertaken to validate
the influence between these agroindustrial wastewaters (independent variables) and the response
variables. An estimate of pure experimental error was calculated from four replicates run
corresponding to a central point of the complete factorial. The data obtained from the experiments
were subjected to statistical analysis by STATISTICA software version 7.0 (StatSoft Inc., city, OK,
USA) and significance of the results was tested at the p<0.05 level.
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Table 4. Design matrix for the factorial experiments used to evaluate the influence of 2
factors (molasses and corn steep liquor) on biomass, chitin and chitosan production by
Cunninghamella elegans UCP/WFCC 0542 and Rhizopus arrhizus UCP 402/WFCC, with
experimental conditions set in the average of two extreme levels.

Factor levels

Assays
Molasses! Corn steep liquor?
1 -1 -1
2 +1 -1
3 -1 +1
4 +1 +1
5 0 0

! Concentration of Molasses (%, v/v): 1.00 at level -1; 2.50 at level 0; 4.00 at level +1
2 Concentration of corn steep liquor (%, v/v): 2.00 at level -1; 5.00 at level 0; 8.00 at level +1

3.5. Chitin and Chitosan Extraction

Chitin and chitosan were extracted using dry biomass of C. elegans and R. arrhizus as described by
Jin Hu et al [46]. The lyophilized biomass was deproteinized with 1M NaOH solution (1:30 w/v,
121°C, 15 min). The alkali-insoluble fraction was separated by centrifugation (4000g, 20 °C, 10 min),
and treated using 2% of acetic acid (1:30 w/v, 100°C, 15 min) followed by centrifugation at 4000 g,
20°C, 15 min. The acid insoluble material was considered the chitin, and the supernatant was alkalized
to pH 10, maintained overnight at 5°C and centrifuged (4000g, 20 °C, 10 min) for chitosan
precipitation The chitin and chitosan was washed with distilled water four times, freeze-dried, and kept
in a dissecator until constant weight.

3.6. Characterization of Chitin and Chitosan from the Cunninghamella elegans and Rhizopus arrhizus
3.6.1. Infrared Spectroscopy (Deacetylation degree—DD%)

The degree of deacetylation (DD%) for microbial chitin and chitosan were determined using the
infrared spectroscopy according to Baxter et al [47], using the absorbance ratio A1655/A3450 and
calculated according to equation 1:

DD (%) = 100-[(A1655/A3450) x 115] Equation 1
Two milligrams sample of fungal chitin and chitosan, which had been dried overnight at 60°C under
reduced pressure were thoroughly blended with 100 mg of KBr, to produce 0.5 mm thick disks. The

disks were dried for 24 hrs at 110°C under reduced pressure. Infrared spectrometer was recorded with a
Bruker 66 Spectrometer, using a 100 mg KBr disks for reference.
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3.6.2. Viscosity and Molecular Weights of Chitosan

The viscosity of 1% chitosan in 1% acetic acid solution was determined using a Brookfield digital
Rheometer (Model DV-II, Brook Engineering laboratories, Inc., Stoughton, MA) at 25°C, Spindle
CPE-40, 0.5 mL sample volume.

The molecular weight of chitosan was determined using an AVS-350 viscometer (Schott-Gerate),
type/capillary: Cannon-Fenske dinsiee= 1.01mm, at 25°C. After obtaining the intrinsic viscosity from
tables, K and a, were obtained for HAc/NaAc. K = 0.076, a = 0.76. The flow time was determined in
seconds. Using the Mark-Houwinks equation, the average viscosimetric molecular weight was
expressed in g.mol™.

3.6.3. Crystallinity Index

The X-ray diffractograms of chitin and chitosan were obtained in the X-Ray Laboratory of the
Physics Department — Federal University of Pernambuco—UFPE. The measurement was taken using
SIEMENS Model 5000 D X-ray equipment, Cu Ka radiation with A = 1.542 A0, in a scanning range
between 4° and 50° with a rate of 0.02 min—1. The interplanar distance was determined by the half
height width of the peak of greatest intensity (IC). The crystallinity index (ICR) was determined with
the following equation:

Crystallinity index (%) = 100{[I(6c) — I(0a)]/I(6c)} Equation 2

Where 1 (6¢) is the relative intensity of the crystalline (26 = 20°) and I (0a) corresponds to amorphous
regions (20 = 9°) for chitosan.

3.6.2. Scanning Electron Microscopy

The dried sample was ground under vacuum using a sputter coater and its surface was observed in a
scanning electron microscope Series XL 30 (Umax) ESEM (Env.Scan. Electron Micros) with tungsten
filament, using a 20 kV accelerating voltage.

3.7 Bacterial Strains and Culture Conditions to Antimicrobial Assay

Listeria monocytogenes ATCC 7664, Pseudomonas aeruginosa ATCC 9027, Salmonella enterica
ATCC 6017, and Yersinia enterocolitica ATCC 9610 for antimicrobial assay were provided by
FIOCRUZ, Rio de Janeiro, Brazil. Staphylococcus aureus ATCC 6538, Enterococcus faecalis ATCC
29212 and Escherichia coli ATCC 8739 were donated by the Antibiotics Institute, UFPE (Recife,
Brazil). Stock cultures were kept on Muller Hinton agar slants with blood added (5% v/v) at 4°C.
Inoculum used in the experimental assays were obtained from overnight cultures grown (18 hours) in
Brain Heart Infusion broth (DIFCO Laboratories, Detroit, MIl, USA) at 37°C. After incubation, the
bacterial cells were separated from the growth medium by centrifugation at 10.000 xg for 15 minutes
at 4°C, washed thrice in buffer KCI (0.05M KCI, 1 mM KH2POs, 1 Mm CacClz, 0.1 mMMgClz, pH
6.0), and resuspended in buffer KCI. Suspensions were adjusted so that the optical density (OD) at 660
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nm was 1.5, which provided bacterial inoculum of approximately 5 x 108 Colony Forming Unity per
mL (CFU.mL™1).

3.8 Chitosan Solution Preparation

Chitosan from C. elegans and R. arrhizus were solubilized in a solution of acetic acid 1% at
concentration to 20 mg/mL (v/v). The pH of the solutions were adjusted to pH 5.8 using HCI and
NaOH.

3.9 Antimicrobial Activity

Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of
chitosan on the assayed bacteria were carried out using the broth dilution method (Heilman test) as
described by Chambrevil;Marmonier [48]. For this, a 0.1 mL aliquot of bacterial inoculum was
inoculated into screw-capped 13 x 130 mm sterile tubes containing 0.9 mL of Brain Heart Infusion
(BHI) broth containing the desired chitosan concentration (5000 pg. mL™ to 50 pg. mLt) followed by
shaking using Vortex for 30 seconds. The system was incubated at 37°C for 24 hours and the MIC was
defined as the lowest chitosan concentration providing no visible growth (turbidity) and the MBC was
the lowest chitosan concentration able to cause a 99.9 % kill rate of the initial inoculum. MBC was
found by inoculating a 25-pL aliquot of the chitosan-treated assay into sterile Muller Hinton agar Petri
dishes and was followed by incubation at 37°C for 48 hours. For positive control, chitosan was
replaced with sterile distilled water and 1% acetic acid. The assays were made in triplicate and the
results expressed as average values. Also, the viability of the bacterial strains was assessed by
verifying their capacity to grow in a Muller-Hinton agar without adding chitosan.

4. Conclusions

These results suggest a new economic culture medium to improve the chitin and chitosan
production from mycelial biomass by C. elegans and R. arrhizus with low molecular weight and
degree of deacetylation of approximately 80%. The results confirm the antimicrobial potential of
chitosan against pathogenic bacteria. Therefore chitosan shows great promise as an alternative natural
antimicrobial against Gram positive and Gram negative bacteria. However, further study on the
mechanism of chitosan against bacteria pathogens at the molecular level is needed.
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ABSTRACT: Chitosan is a linear polysaccharide composed of randomly distributed p-(1-4)-linked D-glucosamine linked
to N-acetyl-D-glucosamine moieties. Its cationic character confers special features and this is closely related to the metal
removal availability. The aim of this study was to development chitosan membranes applied to the removal of Cd (1) from
aqueous solutions. Suspensions of chitosan with low and medium molecular masses containing 1.0, 2.5 and 4.0 % (w/v)
were prepared in acetic acid 1% (v/v) by continuous overnight stirring at 25° C. The obtained hydro-gels were casted using
silicone molds and dried at 50°C for 18 hours. Chitosan membranes were put in contact with 20 ppm CdClz solutions during
24 h at 25°C. The Cd quantification was performed from calibration curves of Cd?* in HCI 1.0 mol L™ ranging 1.0 and 10.0
ppm throughout Anodic Stripping Voltammetry Analysis (ASVA) and square wave voltammetry (SWV). Removal values
clearly showed a direct relationship between the increase of chitosan concentration and the molecular mass. Best cadmium
removal values of 80% and 96% were obtained with membranes using low MW chitosan at 1.0% and medium MW chitosan
at 4.0%, respectively.
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1.Introduction

The pollution caused by heavy metals has increased rapidly since the industrial revolution. In recent years, metal
contamination has become a growing environmental concerns because the toxicity at relatively low
concentration and tendency to bioaccumulation. Cadmium (Cd) is a heavy metal widely used in industrial
processes such as: anticorrosive agent, stabilizer in plastic products, dying and pigments, neutron-absorber in
nuclear plants, in batteries and also fertilizers. Although some products that containing Cd can be recycled, the
highest pollution caused by this metal is due to dumping and incineration of the cadmium-polluted wastes. In
general, Cd intoxication is related to renal, respiratory, reproductive and skeletal systems damages in superior
organisms, including man [1,2].

Extensive studies on Cd removal from waste-waters have been accomplished including reverse osmosis,
electrodeposition, ion exchange, filtration and chemical precipitation. Some of these methods remain inefficient
for the removal of low concentration and their high maintenance and operation costs. Chelating polymers are an
interesting alternative for metal sorption because they can be reusable and renewable, allow easy separation and
have higher adsorption capacities and selectivity [3,4]. One example of biopolymer used as promising
alternative, as chelating agent is the chitosan [5-8].

Commercial chitosan is derived from chitin using thermochemical deacetylation with strong alkali. Chitin
corresponds to a waste product from crustacean exoskeletons obtained after the industrial processing of seafood
[9].The crustacean processing by seafood industry generates nearly 40% of shells wastes [10], with a world
production near to 1.44 million metric tons of dry weight per year [11,12]. This renewable raw material has a
slow biodegradation, however can be used to obtain more valuable and biologically sustainable materials, such
as chitin and chitosan since their production is economically feasible and environmentally compatible [13].

Chitin is a biopolymer of N-acetyl-D-glucosamine (GIcNAc) and D-glucosamine residues linked by B-(1-4)
glycosides bonds, and actually the second most abundant organic compounds on earth, after cellulose [14].
Chitosan is a cationic amino polysaccharide; essentially composed by B-1,4-D-glucosamine (GIcNAc) linked to
N-acetyl-D-glucosamine residua. This biopolymer has been extensively studied due to its unique optical and
structural features such biodegradability, biocompatibility and biological activity. Chitosan has the ability to
form hydro-gel films that can be applied in metal removal [14]. Due to this, chitosan have drawn the attention of
multidisciplinary research groups in medical applications, food, pharmaceutical, cosmetics, agricultural, textile,
waste water treatment, and other industries [15,16]. The characteristics of chitosan hydro-gels depend on its
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deacetylation degree (DD), the distribution of acetyl groups, the chain length, the molecular weight distribution,
and the solubility [17].

Previous studies have shown that the binding of metallic cations to chitosan occurs between the void orbitals
of the metal and both, the hydroxyl groups and the free electron pairs at the nitrogen in amine groups present in
the chitosan. In contrast to chitin, chitosan also has superior adsorption ability for heavy metals due to its higher
content of amino moieties [8]. Based on these properties observed for chitosan we were encouraged to the
development of chitosan based membranes able to be applied to the removal Cd?* ions from aqueous solutions.

2.METHODOLOGY

2.1. Material and reagents
All chemicals had analytical grade. Acetic acid, hydrochloric acid and Cadmium (I1) chloride (CdCl;) were
purchased from Vetec, Brazil. All solutions were prepared in deionized water Milli-Q. Two types of crustacean
chitosans of low and medium molecular mass (LMM and MMM) were purchased from Sigma-Aldrich®,
Bangalore, India.

2.2. Apparatus
For infrared spectra an Infrared spectrometer Bruker 66 was used. The viscosity of chitosan was determined
using an AVS-350 viscometer (Schott-Geréte), type/capillary: Cannon-Fenske dinsige= 1.01mm, at 25°C using a
flow time determined in seconds. For electrochemical analyses a PalmSens® LabSolutions potentiostat with
data acquisition software PS-Trace® 4.2 were used.

2.3. Chitosan characterization
Infrared Spectroscopy (Deacetylation degree—DD%)
The degree of deacetylation (DD, %) for microbial chitin and chitosan were determined using the infrared
spectroscopy according to Domszy & Roberts [18]. The absorbance ratio A1655/A3450 and calculated
according to equation 1:

DD (%) = 100-[(A1655/A3450) x 100 / 1.33] Equation 1

Two milligrams sample of chitin and chitosan, which had been dried overnight at 60°C under reduced
pressure and then compressed with 100 mg of KBr, to produce disks (0.5 mm of thickness). The disks were
dried for 24 hrs at 110°C under reduced pressure. As reference disks KBr were used. The molecular weights of
chitosan were determined by viscosity, using the procedure described by Santos et al.[19]. Using the expression
in Equation 2 from Mark-Houwinks that gives a relation between intrinsic viscosity [n] and molecular mass M

[n] = KMm? Equation 2

From this equation the molecular weight of a polymer can be determined from data on the intrinsic viscosity and
vice versa. The Mark—Houwink parameters, a and K, depend on the particular polymer-solvent system. For
HAc/NaAc: K =0.076, a = 0.76.

2.4.Chitosan membranes production
Chitosan hydro-gels of 1.0, 2.5 and 4.0 % (w/v) were prepared in 1% (v/v) acetic acid aqueous solution. These
gels were obtained by continuous overnight stirring at 25° C and 1h of ultrasonication to avoid the presence of
bubbles. Chitosan membranes were casted using (3.0 x 3.0 x 0.2 cm) silicone molds and dried at 50°C for 18
hours.

2.5. Removal of Cd (I1)
Removal experiments were performed immersing each membrane of 1 cm? into 10 mL of aqueous solutions
containing 20 ppm of Cd*" as CdCl, in 0.02 mol L' HCI during 24 hours at 25°C with no stirring. After this
period of time each solution containing residual Cd were analysed by Anodic Stripping Voltammetric Analysis
(ASVA) and square wave voltammetry (SWV). Removal percentage was determined using equation 3:

Removal % = (C, — Cy)/ C, )*100 Equation 3

Where C, corresponds to the initial concentration of Cd(ll) and Cf the final concentration after the sorption
process.
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2.6.Electrochemical Analysis

All electrochemical analyses were performed using the same cyclic voltammetry technique and apparatus. The
electrochemical system was by a single electrochemical cell of 15 mL composed, a 0.5 cm diameter glassy
carbon working electrode, a Pt wire of 1.0 cm as counter-electrode and Ag|AgCl; in saturated KCI as reference.
As support electrolytes 100 mmol L HsPO4 or KCI solutions. The Cd quantification was performed from
calibration curves of Cd?* as CdCl, in HCI 1.0 mol L ranging 1.0 and 10.0 ppm throughout ASVA and SWV
according to the following parameters: Ec = 0.6 VV, Tc =60 s, Ed = — 1,4 V and td= 60 s. And square wave
parameters for stripping step of: F= 25Hz; EO = -1.4 V, Ef = 0.0, Estep = 0.005 and Amplitude of 0.025 mV.

3.Results and discussion

3.1.Chitosan Characterization

Despite to have used the same volume of hydrog-gels per casting and similar fabrication procedures, when some
dried membranes were removed from the castings, a more susceptibility to tear down was observed when lower
concentrations of chitosan and lower molecular masses were used. From more fragile to the strongest
membranes can be classified as follows: 1% LMM > 1% MMM > 2.5 % LMM > 2.5% MMM > 4.0% LMM. In
the case of chitosan membranes of 4.0% MMM, its rupture was related with its rigidity.

Deacetylation degree (DD%) is an important parameter associated with the physical-chemical
properties of chitosan, since it is directly related to its cationic behaviour in water dispersions [20]. Table 1
showed the results obtained for the intrinsic viscosity determination for LMM and MMM chitosan. It can be
seen values of 83% (+2,0) and 85% (+2,0) of DD, respectively. These results were in accordance with previous
observations made by Santos et al. [19] who reported similar DD values ranging 80 to 90%. The average
molecular masses for LMM and MMM chitosans were 2.25 x 10*and 5.6 x 10°g/mol, respectively. These
results were in accordance with previous works that showed values of 1.0 x 10* to 9.0 x 10° g/mol, for LMM
and MMM, respectively [19,21,22]. LMM chitosan was reported to reduce the tensile strength and elongation in
chitosan membranes but to increase its permeability.

Table 1. Values of Intrinsic viscosity, Molecular weight and Deacetylation degree of crustacean chitosan of low and medium
molecular weight.

Chitosan
Characterization
MMM LMM
Intrinsic viscosity [n] (mL/g) 0.4005 0.0088
Molecular weight (MW) 5.6 x 10°g/mol 2.25 x 10* g/mol
Deacetylation degree (DD) 85% (+2,0) 83% (£2,0)

3.2.Electrochemical analyses

The Anodic Stripping Voltammetric Analysis (ASVA) and square wave voltammetry is an electrochemical
technique used for the determination of metals at trace levels in aqueous solutions, replacing the spectroscopic
and titrimetric methods [23,24]. Anodic stripping voltammetry is a voltammetric method for quantitative
determination of specific ionic species. The analyte of interest is electroplated on the working electrode during a
deposition step, and oxidized from the electrode during the stripping step. The current is measured during the
stripping step. The oxidation of species is registered as a peak in the current signal at the potential at which the
species begins to be oxidized. Figure 1, shows the ASVA voltammograms (left) and the calibration curve
(right) obtained for the studied ion. As can be seen a current peak was observed at -600 mV and its intensity was
proportional to the increase in Cd(Il) concentration. The method showed high reproducibility and good
sensibility for the concentration range studied.
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Fig 1. Cyclic voltammetries responses obtained for Cd?* as CdCl2 in HCI 1.0 mol L™ ranging 1.0 and 10.0 ppm absorbed in
glassy carbon-paste electrodes throughout ASVA and SWV (left) and calibration curve obtained (right).

Table 2 shows that all the values of current in the Cd (1) electrolyte solutions decreased (8.982 to 1.71 pA)
when compared with the current (48.5046 pA) from the initial concentration (20 ppm of Cd?*) after exposure to
chitosan membranes for 24 hours. This was due to the lower concentration of the metal which was redissolved
in aqueous solution, since most of these metal ions retained in the chitosan membranes between 80.03 to
95.60%.

The efficiency of cadmium adsorption was directly proportional to the increase of the concentration and
molecular weight of the chitosan gels employed. The application of a membrane with low MW and the lowest
concentration of chitosan of 1.0%, showed good Cd adsortion of at least 80%, even when this value was lower
compared with the obtained for gels containing higher chitosan concentrations of 4.0%, where the Cd adsorption
reached 96%.

Table 2. Values of Current (uA) and Concentration (ppm) for Cd(I1) at the initial time (TO) and after 24 hours (T24h) for
chitosan membranes.

Samples Chitosan Chitosan Initial cad I?:ina|
No. (%0) (g mol) Concentration Current Concentration Current Removal
(ppm) pA (ppm) pA (%)
T0Oh T 24h

1 1 Low MW 20 48.5046 3.08168 6.715 84.592
2 1 Low MW 20 48.5046 3.99947 8.982 80.03
3 25 Low MW 20 48.5046 2.52745 5.346 87.363
4 25 Low MW 20 48.5046 2.72299 5.829 86.385
5 4 Low MW 20 48.5046 0.99592 1.563 95.02
6 4 Low MW 20 48.5046 0.99551 1.562 95.02
7 1 Medium MW 20 48.5046 1.24814 2.186 93.76
8 1 Medium MW 20 48.5046 1.4372 2.653 92.81
9 25 Medium MW 20 48.5046 1.79225 3.53 91.04
10 25 Medium MW 20 48.5046 1.28134 2.268 93.59
11 4 Medium MW 20 48.5046 0.88054 1.278 95.60
12 4 Medium MW 20 48.5046 1.05543 1.71 94.72

Liao et al.[25] related that the binding of metal cations to chitosan occurs between the hydroxyl groups and
the free electron pairs of the nitrogen in the amine group with the void orbitals of the metal. In contrast to chitin,
chitosan has superior adsorption ability for heavy metals due to its higher content of amino groups [26]. So,
these results showed that probably the largest concentration and molecular mass of chitosan in the membranes
provides more amine and hydroxyl groups available to interact and adsorb Cd? * ions. The removal of nearly
100% of metal ion by a low cost biopolymer membrane-shaped suggests a future alternative to supplement or
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even replace procedures with high cost and low efficiency for decontaminating industrial waste by heavy
metals. Since our results have shown good removal levels at higher concentration is to be expected that can be
applied to the removal of very low concentration as the ones described by the rule.

According to the Brazilian legislation on water pollution, the minimum acceptable concentration for Cd is
0.01 ppm. Since our results have shown good removal levels at higher concentration is to be expected that can
be applied to the removal of very low concentration as the ones described by the rule.
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Nos ultimos anos, a poluicdo do meio ambiente por metais pesados tem
despertado a atencdo internacional, principalmente devido as atividades industriais.
Esses poluentes séo altamente toxicos em baixas concentragcdes nos ecossistemas, ndo
biodegradaveis, e sua tendéncia a bioacumulacdo na cadeia alimentar pode resultar em
sérios problemas a satde dos organismos (HEIDARI et al., 2013; PAPAGEORGIOU et
al., 2009).

O cadmio (Cd?*) é um metal pesado muito utilizado em processos inddstrias como
revestimento anticorrosivo; na fabricacdo de baterias niquel-cadmio; em pigmentos para
tintas e plasticos; em varios tipos de ligas e revestimentos anticorrosivos; na producao
de fertilizantes; na queima de combustiveis fossies; durante a obtengdo de zinco, ferro e
aco e na producao de cimento. A presenca desse metal dissolvido em agua, mesmo em
baixas concentracdes, é extremamente prejudicial para 0 ambiente aquatico e a salde
humana, uma vez que pode provocar cdibras musculares, problemas pulmonares
crénicos, degradacdo renal, proteindria, deformidade Ossea, atrofia testicular (GODT et
al., 2006; MADALA et al., 2013; ZAINI et al., 2009). A Organizacdo Mundial da
Satide (OMS) definiu a concentragdo méaxima de 0,003 mg/L de Cd?* na agua potavel
(WHO, 2008) e no Brasil o Conselho Nacional de Meio-Ambiente (CONAMA)
estabeleceu uma menor tolerancia ambiental para este ion de 0,01 mg/L (JANEGITZ et
al., 2007).
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Vérios métodos sdo utilizados para a remocdo de metais pesados em &guas
residuais como por exemplo precipitacdo quimica, eletrodialise, eletrodeposi¢éo, troca
ibnica, osmose inversa, filtracdo, precipitacdo quimica e processos de extracdo com
solvente (ALIABADI et al., 2013; SALIM et MUNEKAGE, 2009). No entanto,
algumas dessas técnicas muitas vezes sao ineficazes para baixas concentracfes de metal,
demandam muito tempo de aplicacdo e consumo de energia, resultando em custo
elevado de manutencdo e operacdo. Desse modo, o método de adsorcdo pode ser
considerado processo eficaz e amplamente utilizado devido a sua simplicidade, as
condicBes operacionais moderadas e a viabilidade econdémica (IRANI et al., 2011;
SALIM et MUNEKAGE, 2009).

Os biopolimeros, com destaque para a quitosana, podem ser considerados
alternativas promissoras para a adsorgéo de metais pesados, uma vez que eles podem ser
reutilizados, sdo renovaveis, biodergradaveis, apresentam facil separacdo e elevada
capacidade adsortiva e seletividade (BARCICKI et al., 1980; TABAKCI et al., 2008;
VANDENBOSSCHE et al., 2013; WANG et al., 2001).

A quitosana € derivada da desacetilacdo da quitina, considerada o segundo mais
abundante polimero na natureza, sendo composta por unidades monoméricas de p-1,4
N-acetilglucosamina (NWE et al., 2010). A quitina € encontrada como elemento
estrutural no exoesqueleto de crustaceos, moluscos, anelideos, celenterados, insetos e
parede celular dos fungos, especialmente de Zygomycetes (FRANCO et al., 2004). A
quitosana € um polimero catiénico e linear, composta essencialmente de (B-1,4 D-
glicosamina, ligado residuos N-acetil-D-glicosamina (ANDRADE et al., 2000;
CAMPOS-TAKAKI et al., 2005; CHATTERJEE et al., 2005). A quitina e a quitosana
tem sido muito estudadas devido as suas propriedades Unicas, com destaque para:
biodegradabilidade, biocompatibilidade, atividades bioldgicas, aplicacdes quimicas
(STAMFORD et al., 2007), capacidade para formar membranas e adsor¢do de ions
metalicos. Entretanto, a quitina € extremamente insolivel o que dificulta sua
aplicabilidade em vérias areas. Em contraste, maior aplicacdo pode ser encontrada para
quitosana devido a sua solubilidade em solugdes &cidas , grupos amino reativos e
elevada densidade de carga (ZAMANI et al., 2007).

A quitina e a quitosana sdo obtidas comercialmente a partir da carapaca de
custaceos, matéria prima abundante na inddstria pesqueira, representando producédo
mundial de aproximadamente 1,44 milhdes de toneladas de matéria seca por ano
(KNORR et al., 1991; R@DDE et al., 2008). Porém, entre as principais limitagcdes
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apresentadas pelo uso desta fonte destaca-se a obtencgédo de quitosana com propriedades
fisico-quimicas heterogéneas e inconsistentes. Desse modo, a producdo de quitina e
quitosana por fungos da ordem Mucorales, classe Zygomycetes torna-se uma alternativa
promissora porque estes polimeros podem ser obtidos simultaneamente, com
propriedades fisico-quimicas homogéneas e mais apropriadas para determinada
aplicacdo, e o cultivo destes fungos em substratos nutricionais de baixo custo pode
reduzir em até 73 % as despessas com a producdo Além disso, as caracteristicas e 0s
rendimentos de quitina e quitosana podem ser otimizados, controlando parametros do
processo de fermentacdo tais como: o pH, a concentracdo de nutrientes no meio de
fermentacdo e o tempo de incubacdo (BATISTA et al., 2013; BERGER et al., 2011,
STAMFORD et al., 2007; CARDOSO et al., 2010).

A milhocina, residuo do processamento industrial do milho (CARDOSO, 2007),
e a casca de mamao, grupo Formosa (Carica papaya L.) podem ser considerados fontes
nutricionais ricas e de baixo custo com significantes quantidades de aminoacidos,
vitaminas e minerais, que sao essenciais para 0 crescimento dos microrganismos. Além
disso, 0 mamédo é produzido em todas as regides do Brasil, e consumido por grande
ndmero de pessoas, mas sua casca rica em nutrientes é descartada pela industria de
processamento de alimentos (RINALDI et al., 2010).

As caracteristicas da quitosana, entre elas o grau de desacetilacdo (GD%),
distribuicdo de grupos acetil, comprimento da cadeia, massa molecular e solubilidade
interferem na eficiéncia das membranas deste polimero no processo de adsor¢do dos
metais pesados (BATISTA, 2011). Desse modo o uso de quitosana microbiologica, com
caracteristicas mais homogeneas que o polimero comercial, para producdo de
membranas a serem aplicadas na remogdo de cadmio pode ser considerada uma
alternativa promissora do ponto de vista economico e ambiental.

O crescimento de fungos e a producdo de quitina e quitosana podem ser
otimizados através da utilizacdo da abordagem multivariada, onde todas as variaveis
independentes sdo considerados simultaneamente. O presente estudo tem como objetivo
comparar o crescimento e a producgéo de quitina e quitosana por R. arrhizus e C. elegans
usando diferentes quantidades de milhocina e suco de casca de mamao Formosa em
delineamento central composto rotacional de 22 (DCCR). Outro obijetivo foi comparar a
aplicacdo dessa quitosana fingica e da quitosana comercial na remocao de cadmio em

agua.
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2. Materiais e Métodos

2.1. Microrganismos

No presente estudo foram utilizados os fungos da ordem Mucorales,
Cunninghamella elegans (WFCC / UCP 542) e Rhizopus arrhizus (WFCC / UCP 402),
isolados de sedimento de mangue em Rio Formoso, Pernambuco, Brasil e depositados
na Colecdo de Culturas UCP (Universidade Catolica de Pernambuco), Ndcleo de
Pesquisas em Ciéncias Ambientais da Universidade Catdlica de Pernambuco, Brasil. A
colegdo esta registrada na “World Federation for Culture Collection — WFCC”. As
estirpes foram mantidas em meio BDA (Oxoid, Kansas City, EUA) em 5°C e

transferidas para um novo meio a cada quatro meses.

2.2. Reagentes, Milhocina e Suco da Casca de Mamao (SCM)

Todos os reagentes usados foram de grau analitico. O &cido acético, o hidréxido
de sodio, o &cido cloridrico e o cloreto de cadmio (CdClz) foram obtidos daVetec (Sdo
Paulo, Brasil). A milhocina, subproduto da industria de processamento de milho, foi
gentilmente cedido por “Corn Products do Brasil”, localizada em Cabo de Santo
Agostinho, Pernambuco, Brasil, e foi usado como substrato solGvel. A casca de mamao
(Carica papaya L.), do grupo Formosa, foi gentilmente cedido por uma industria local.
O suco foi produzido com casca fresca triturada com &gua destilada obtendo as
concentracgdes finais de 17,82, 25,00, 42,50, 60,00 e 67,18% (v/v). A milhocina e o suco
de casca de mamao (SCM) foram utilizados como fonte de carbono e nitrogénio no
meio de cultura, de acordo com delineamento composto central rotacional de 22
(CCRD).

As anélises elementares da milhocina e do suco de casca de mamé&o foram
realizadas no equipamento elementar analisador modelo EA 1110 Carlo Erba
Instruments.

Todas as solugbes usadas nos ensaios para remoc¢do de cadmio com membranas
de quitosana foram preparadas com agua Mili-Q. Nesses experimentos com as
membranas foram utilizados dois tipos de quitosanas de crustaceos de baixa (BMM) e

média massa molecular (MMM) como padrdes, da Sigma-Aldrich®, Bangalore, india.
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2.3. Condic0es de cultivo e producdo de biomassa

Cunninghamella elegans e Rhizopus arrhizus foram cultivados em placas de
Petri com BDA, pH 5.6, a 28 °C durante sete dias. Apds esse periodo, as placas forma
utilizadas para obtencéo de suspensdo com 107 esporangiolos/mL. Placas de Petri com
BDA foram inoculados com 1 ml dessa suspensé@o e mantidas durante 18 horas a 28 °C.
Em seguida, a partir dessas placas foram cortados o total de 20 discos com 1 cm de
diametro contendo cada um micélio jovem desses fungos crescidos em BDA. Os 20
discos foram utilizados para inocular Erlenmeyers de 500 mL, com 200 mL de cada
meio de producdo, como apresentado pelo Delineamento Central Composto Rotacional
de 2% (Tabelas 1). Esses frascos foram incubados em agitador orbital a 150 rpm, 28 ° C
durante 96 horas. No final do periodo de incubacdo, as biomassas foram filtradas,
lavadas duas vezes com agua destilada, submetidas ao processo de liofilizacdo e

mantidas em dessecador a vacuo.

2.4. Extracdo de quitina e quitosana

No presente trabalho foram utilizadas diferentes metodologias para extracdo de
quitina e quitosana a partir da biomassa liofilizada de C. elegans e R. arrhizus para
obtencdo de polimeros com diferentes massas molares, uma vez que 0s processos de
extracédo influenciam nesta e em outras caracteristicas fisico-quimicas.

As biomassas obtidas por cada condicdo do Delineamento Central Composto
Rotacional de 22 (Tabela 1 e 2) foram submetidas ao processo de extragdo de quitina e
quitosana proposto por HU et al, (1999). As etapas desse processo foram a
desproteinizacdo da biomassa liofilizada com NaOH a 1M na proporgéo de 1:40 (p/v),
seguida de autoclavagem (121 °C, 15 minutos), centrifugacdo (4000 rpm, 15 minutos).
O sobrenadante foi descartado e o precipitado submetido a hidrolise acida usando acido
acetico 2% (v/v), autoclavagem (100 °C, 10 minutos) e centrifugacdo (4000 rpm, 15
minutos). O precipitado correspondeu a quitina, que foi lavada com agua destilada
gelada até pH préximo a neutralidade, e com o sobrenadante foi realizada a corre¢édo do
pH para 10-12 ocorrendo a precipitacdo da quitosana. Em seguida, esse biopolimero foi
submetido a lavagens sucessivas com agua destilada gelada até pH proximo a

neutralidade e seco a temperatura ambiente.
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O processo de extracdo de quitina e quitosana proposto por FRANCO et al.,
(2004) foi utilizado a partir da biomassa obtida do ensaio do DCCR que mostrou melhor
rendimento de quitosana. Nessa metodologia a biomassa foi desproteinizada com
solucdo de NaOH 2 % p/v (30:1 v/p, 90°C, 2 h); seguida de centrifugacao (4000 rpm, 15
min), para separacdo da fracdo alcalina insoldvel. O material &lcali insolavel foi
hidrolisado com acido acético 10 % (40:1 v/p, 60°C, 6 h) e centrifugado (4000 rpm, 15
min), para separar 0 precipitada (quitina), da quitosana presente no sobrenadante. A
quitosana foi obtida por precipitacdo apds o ajuste do pH do sobrenadante para 9,
usando solucdo de NaOH a 10 N. A quitina e a quitosana foram lavadas com agua

destilada gelada e secadas a temperatura ambiente.

2.5. Delineamento Central Composto Rotacional de 22 e analise estatistica

Os fungos Cunninghamella elegans e Rhizopus arrhizus foram cultivados em
Delineamento Central Composto Rotacional de 22 com o objetivo de analisar os
principais efeitos e interages do suco de casca de mamé&o nas concentracdes finais de
17,82; 25,00; 42,50; 60,00 e 67,18% (v / v), e da milhocina em concentracdes finais de
0,32; 0,50; 2,50; 4,00 e 4,62,% (v / v).

As variaveis resposta foram os rendimentos de biomassa (g/L), quitina (mg/g) e
quitosana (mg/g) obtidos em cada condigéo de cultivo testada para anbos os fungos.
Essas concentracfes de milhocina e suco de casa de mamé&o foram definidas com base
em experimentos preliminares. A estimativa do erro experimental foi calculada a partir
de cinco repeticdes correspondentes ao ponto central do DCCR. As andlises dos dados e
os graficos foram feitos com o software STATISTICA versdo 7.0 (StatSoft Inc., OK,
EUA) e a significancia dos resultados foi calculada no nivel p <0,05.
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Tabela 1. Matriz do Delineamento Central Composto Rotacional (DCCR) de 22 para
estudo da influéncia das varidveis independentes (suco da casca de mamao, SCM, e
milhocina) na producdo de biomassa, quitina e quitosana por Cunninghamella elegans
UCP 542 e Rhizopus arrhizus UCP 402. Condigdo 9 a 12 sdo os pontos centrais. A
estimativa do erro puro experimental foi calculado a partir de quatro repeti¢cdes do ponto
central (9-12) do DCCR.

Condigdo  Milhocina® Suco de Maméo®

1 -1 -1
2 -1 +1
3 +1 -1
4 +1 +1
5 -1,41 0
6 +1,41 0
7 0 -1,41
8 0 +1,41
9 0 0
10 0 0
11 0 0
12 0 0

@ Concentracao de milhocina (%, v/v): 0,32 (-1,41); 0,5 (-1); 2,5 (0); 4,0 (+1); 4,62 (+1,41)
b Concentragéo de suco de maméao (%, v/v): 17,82 (-1,41); 25(-1); 42,5 (0); 60 (+1); 67,18 (+1,41)

2.6. Caracterizacdo da quitina e quitosana

Nesse estudo foram selecionadas para caracterizacdo fisico-quimica as quitinas e
quitosanas obtidas nos ensaios do DCCR de 22 que apresentaram os melhores
rendimentos destes polimeros para Cunninghamella elegans e Rhizopus arrhizus. As
analises realizadas foram a espectroscopia vibracional na regido do infravermelho,
difracdo de raio x, viscosidade, e massa molar. Essas caracterizacGes foram realizadas

na Central Analitica, Departamento de Quimica Fundamental da UFPE.

134



2.6.1. Espectroscopia vibracional na regido do infravermelho (Grau de desacetilagdo—
GD%)

O grau de desacetilacdo (GD%) da quitina e quitosana de C. elegans e R.
arrhizus foram determinados através da espectroscopia vibracional na regido do
infravermelho de acordo com BAXTER et al. (1992), utilizando a razdo das
absorbancias A1655/A3450 e a equacéo 1:

GD (%) = 100-[(A1655/A3450) x 115] Equacdo 1

Duas miligramas de amostra de quitina e quitosana secas durante a noite a 60 ° C,
sob pressdo reduzida, foram bem misturados com 100 mg de KBr para produzir discos
espessos de 0,5 mm. Os discos foram secos durante 24 horas a 110 ° C sob presséo
reduzida. O Espectrofotometro de infravermelho utilizado foi o Bruker 66 Spectrometer,
usando discos de KBr de 100 mg como referéncia.

2.6.2. Determinacéo da Viscosidade e Massa Molar da Quitosana

A massa molar foi determinado por viscosidade, segundo a metodologia
proposta por Santos et al. As medidas de viscosidade foram feitas utilizando um capilar
de vidro tipo Cannon-Fenske (diametro interno=1,01mm) termostatizado a (25+
0,01)°C, em um viscosimetro AVS-350 da Schott-Gerdte. Para a determinacdo da
viscosidade intrinseca, [n], foram preparadas solucdes de quitosana (utilizando tampao
de acido acético como solvente) com concentra¢cfes variando de 9,0 x 10-4 a 3,0 x 10-
3g.mLL. Os tempos de escoamento foram determinados em segundos. As amostras

foram feitas em quatro replicatas e a média das medidas foi calculada.

2.6.3. Difracdo de Raio-X

Os difratogramas de raios-X das quitinas e quitosanas foram obtidos em
aparelho de difracdo de raios-X modelo SIEMENS D5000, radiacdo de Cu-Ka sendo A
= 1,542A° em uma faixa de varredura entre 4° e 50° com taxa de 0,02°.min-1. O indice

de cristalinidade (ICR) foi determinado através da equagéo 2:

%ICR = (IC. 1A/ IC) x 100 Equacéo 2
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sendo: Ic e IA as intensidades dos sinais das regides cristalinas (260=20°) e amorfas

(20=12°), respectivamente.

2.6. Producdo de membranas de quitosana

Os Hidro-géis de quitosana de 2,5% (p/v) foram preparados em 1% (v/v) de
solucdo aquosa de acido acético. Estes géis foram submetidos a agitacdo magnética até
completa dissolucdo da quitosana, a 25 °C e em seguida sonicados por 1 hora em ultra-
som para evitar a presenca de bolhas. O volume total de 3 mL de cada hidro-gel foi
despejado em moldes de silicone (3,0 x 3,0 x 0,2 centimetros) e secos a 50 ° C durante
18 horas para obtencdo das membranas de quitosana.

Foram produzidas oito tipos de membranas classificadas como: QCr(MMM) =
quitosana de crustaceo de média massa molecular; QCr(BMM) = quitosana de crustaceo
de baixa massa molecular; 1QF:2QCr(MMM) = quitosana de fungo obtida pelo método
de extracdo (A) proposto por FRANCO et al., (2004) e quitosana de crustaceo de média
massa molecular na proporcdo de 1:2 (v/v); 1QF:1QCr(BMM) = quitosana de fungo
obtida pelo método de extracdo (B) proposto por HU et al., (1999) e quitosana de
crustaceo de baixa massa molecular na proporc¢éo de 1:1 (v/v); QF(MW) = quitosana de
fungo obtida pelo método de extragdo A; QCr(MMM)+NH4OH = quitosana de
crusticeo de média massa molecular tratadas com hidroxido de amonia;
QCr(BMM)+NHsOH = quitosana de crusticeo de baixa massa molecular tratadas com
hidroxido de amoénia; QF(MMM)+NH4OH = quitosana de fungo obtida pelo método de
extracao (A) tratadas com hidroxido de amonia.

O tratamento das membranas submetidas ao hidréxido de amdnia foi realizado
colocando-se as membranas secas em dessecador saturado com NH4OH por 1 hora e
depois mantidas a temperatura ambiente, dentro da capela quimica com exaustor ligado

por 1 hora.

2.7. Andlises eletroquimicas

No presente estudo foram escolhidos os métodos de Voltametria por
Redissolucdo Anddica (VRA) e de Voltametria de Onda Quadrada (VOQ), que sdo
técnicas eletroquimicas utilizadas para determinacdo quantitativa de baixas

concentracfes de metais pesados em solucBes aquosas, como substituintes dos métodos
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espectroscépicos e de titulacdo. Através das analises de VRA, a determinacdo
quantitativa da espécie idnica que se pretende analisar, neste caso os fons de Cd?*, é
obtida. Para essa determinacdo ocorrem duas etapas, sendo primeiro a etapa de
deposicdo ou pré-concentragdo, quando o analito de interesse (Cd?") é reduzido ao seu
estado elementar e é consequentemente eletrodepositado na superficie do eletrodo de
trabalho, neste caso o eletrodo de carbono vitreo, devido a aplicacdo do potencial
redutor. Em seguida, ocorre a segunda etapa com a aplicacdo de um potencial de
varredura anodico de forma pulsada por onda quadrada que causa a oxidag¢do do cadmio
(Cd?"), redissolvendo-o e resultando em uma corrente anddica com relaco linear a
concentracdo do metal. A corrente € medida durante a fase de extracdo. A oxidacao das
especies é registado como um pico no sinal de corrente para o potencial que a espécie
comeca a ser oxidada(SANNA et al., 2000; OLIVEIRA et al., 2004) .

Todas as analises eletroquimicas foram realizadas utilizando o mesmo aparelho
e a mesma técnica de voltametria ciclica. O sistema eletroquimico foi composto por
uma unica célula eletroquimica de 15 mL de capacidade com eletrodo de carbono vitreo
de 0,5 cm de diametro, como eletrodo de trabalho; um fio de platina de 1,0 cm como
contra-eletrodo e um eletrodo de Ag|AgCI2 em KCI saturado como eletrodo de
referéncia. Como eletrdlitos de suporte foram utilizadas solugdes 100 mmol L™ HsPO4
ou KCI. A quantificagdo Cd foi realizada a partir de curvas de calibragdo de Cd?* como
CdClz em HCI 0,02 N variando 1,0 a 20,0 ppm. Todas as leituras das amostras foram
realizadas atraves de andlise por voltamétrica de redissolucdo anddica (VRA) e
voltametria de onda quadrada (VOQ) de acordo com o0s seguintes parametros: Ec = 0,6
V,Tc=60s, Ed=-1,4Vetd=60s. E parametros de onda quadrada para a etapa de
redissolucdo forma de: F = 25Hz; EO = -1,4 V, Ef = 0,0, Estep = 0,005 e amplitude de
0,025 mV.

2.7. Remocao de Cd(Il) por membranas de quitosana

Os experimentos de remocdo foram realizados imergindo cada membrana de 1
cm? (0,0083 g de quitosana) em 10 mL de solugdo aquosa contendo as concentragoes
iniciais (Co) de 20, 200 e 2000 ppm de Cd?* como CdCl2 em 0,02 mol L de HCI, sem
ajuste do pH, durante 24 horas, a 25 °C, sem agitacdo. Apds este periodo de tempo cada
solucdo contendo Cd residual foi analisada por voltamétrica de redissolucdo anddica
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(VRA) e voltametria de onda quadrada (VOQ). A remocéo percentual foi determinada

através da equacéo 3:

Remocéo (%) = (Co-Ct/Co)*100 Equacéo 3

Onde C, corresponde a concentracgdo inicial de Cd (1) e Cr a concentracdo final, ap6s o

processo de sorgéo.
A capacidade de adsorcio de Cd?*, g, foi calculada de acordo com a equagio 4:

gt = V/m*(Co-Cf) Equacéo 4
Onde qt, Co, Cr, V e m sdo as quantidades de soluto adsorvido por unidade de massa do
adsorvente (mg/g) em t (min), a concentracdo inicial do ion metalico, a concentracdo
final do ion metalico (mg/L), volume de solucdo (L) e massa seca do adsorvente (g),

respectivamente.

Para o estudo do equilibrio da adsorcdo de Cd(Il) pelas membranas de quitosana foi

realizado o célculo de ge através da equagéo 5:

ge= V/m (Co-Ce) Equacédo 5
Nessa equacéo, ge e Ce s80 a quantidade de soluto adsorvido por unidade de massa de
adsorvente (mg/g) no equilibrio e a concentragdo de equilibrio de cadmio (mg/L),
respectivamente.

2.8. Isoterma de adsorcdo de Langmuir

Os dados experimentais foram analisados utilizando a equagdo 6 da isoterma de

adsorcdo de Langmuir na forma linear:

1/ge = (1/gmax.KL) . 1/Ce + 1/0 max Equacéo 6
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Onde gmax € a maxima capacidade de adsor¢do (mg/g) onde KL e gmax podem ser
calculados pelos coeficiente angular e intercepto da equacao linear do grafico de 1/ e
versos 1/Ce . Todas as equacdes 3, 4, 5, 6 foram utilizadas neste estudo de acordo com
HYDARI et al., (2012).

3. Resultados e Discussao

3.1. Anélise comparativa do efeito das concentracfes de milhocina e suco de casca de
mamé&o na producdo de biomassa, quitina e quitosana por Cunninghamella elegans e

Rhizopus arrhizus

Através do delineamento central composto rotacional (DCCR) foi possivel
avaliar a relagdo entre as diferentes concentracdes de milhocina e suco de casca de
mamado aplicados no meio de cultivo como fontes de C, N e outros nutrientes, e as
producdes de biomassa, quitina e quitosana por Cunninghamella elegans e Rhizopus
arrhizus. Esses fungos mostraram requisitos nutritivos especificos para aumentar a
resposta de uma variavel particular, como apresentado na Tabela 2. A maior producgéo
de biomassa foi obtida na presenca dos niveis mais elevados das fontes de C e N, como
mostra os ensaios 8, 4 e 6, com valores de 10,62, 11,00 e 12,00 g/L para C. elegans e
11,90, 14,20 e 12,75 g/L para R. arrhizus. Por outro lado, os ensaios com as menores
concentragfes de milhocina e suco de casca de mamao apresentaram 0s melhores
rendimentos de quitina de 126 mg/g, e quitosana, 77,78 mg/g para C. elegans e 137,14
mg/g para R. arrhizus. A presenca de menores concentracdes de suco de casca de
mam&o e das maiores concentragdes de milhocina proporcionaram maiores rendimentos

de quitosana por R. arrhizus.
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Tabela 2. Resultados para producdo de biomassa (g/L), quitina (mg/g) e quitosana
(mg/g) por C. elegans e R. arrhizus obtidas no Delineamento Central Composto
Rotacional 22 (DCCR) para estudo da influéncia de concentracdes de milhocina e suco
de casca de mamé&o. A estimativa do puro erro experimental foi calculado a partir de
quatro repeti¢des do ponto central (9-12) do DCCR.

Biomassa(g/L) Quitina (mg/g) Quitosana (mg/g)
Condicdo C.elegans R.arrhizus C.elegans R.arrhizus C.elegans R.arrhizus

1 4,11 3,75 126,0 137,14 77,78 47,50
2 5,19 7,23 74,53 99,90 69,00 70,18
3 10,2 10,55 99,90 101,58 45,35 77,76
4 11,0 14,20 76,50 97,96 50,00 64,67
5 5,04 5,26 92,36 123,67 67,85 43,98
6 12,0 12,75 100,48 77,01 49,37 72,37
7 7,69 6,64 98,58 109,77 55,22 70,90
8 10,62 11,90 94,04 97,39 68,11 72,80
9 9,69 9,38 112,64 110,57 53,54 71,75
10 9,28 9,42 120,10 101,89 57,88 73,74
11 9,43 9,94 119,27 108,25 52,73 74,44
12 9,47 9,61 120,47 111,82 53,35 75,00
13 9,62 9,61 116,19 111,82 51,34 75,00

Uma das primeiras aplicacGes da milhocina na microbiologia foi realizada por
Moyer e Coghill em 1986 que observaram 0 aumento do rendimento de penicilina com
a adicdo desta fonte nutritiva para modificar a solucdo de sais minerais Czapek-Dox.
Em 1984, a milhocina ja foi considerada fonte nutritiva viavel economicamente quando
comparada com susbtancias mais caras como o extrato de levedura e a peptona; e
utilizada com sucesso como suplemento para substituir extratos, ou como a principal
fonte de nitrogénio e carbono para todos os microrganismos (LIGGETT et KOFFLER,
1984).

Outros estudos também relatam semelhante influéncia positiva da milhocina no
crescimento e na producdo de quitina e quitosana por fungos da ordem Mucorales
(BERGER et al., 2011;LINS et al., 2010; CARDOSO et al., 2012; BATISTA et al.,
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2013; SANTOS et al., 2013), mas nenhum estudo foi encontrado, até 0 momento, sobre

a utilizacdo da casca de mamé&o para este objetivo. Os resultados obtidos neste estudo

sdo comparaveis aos obtidos pela literatura (tabela 3).

Tabela 3. Substratos, biomassa, quitina, quitosana e grau de desacetilagdo obtidos a

partir de varios trabalhos.

Microrganismo  Substrato  Biomassa Quitina  Quitosana GD Referéncia
Cunninghamella ~ Hesseltine 10,41 g/L 288 NA NA ANDRADE et
elegans et mg/g al. 2000

Anderson (28,8 %)

(1957)

modificado

Mucor javanicus  Hesseltine 8,71 g/L 23,9% NA NA ANDRADE et
et (239 al., 2003
Anderson mg/q)

(1957)
modificado
Cunninghamella Meio a 24,3 g/L 440mg/ 66mg/g 6,2% STAMFORD
elegans base de g (quitina et al. 2007
jacatupé ), 85%
(Pachyrhiz (quitos
us erosus ana)
L. Urban)
Meio NA 92mg/g 13mg/g 78%  CARDOSO et
Rhizopus arrhizus  Hesseltine al. (2010)
et
Anderson
(1957)
Meio NA 94mglg 14mglg 95% CARDOSO et

Rhizopus arrhizus ~ Andrade et al. (2010)

al.(2000)

Rhizopus arrhizus  Milhocina 13,1¢g/L 30,4 12,85 mg/g 95%  LINS et al
4% mg/g (2010)

Rhizomucor Sabouraod 4,1(gh NA 13,67% 98,6% TAJDINI et

miehei dextrose (136,7 mg/qg) al. (2010)
(SDB)

Mucor racemosus  Sabouraod 3,8(9Y NA 11,72% 97,1% TAJIDINI et
dextrose 117 mg/g) al. (2010)
(SDB)

Rhizopus arrhizus  Milhocina 8,80 g/L 54,38 20,51 mg/g 82%  BERGER et
e mg/g (quitos  al. (2011)
manipueira ana),

25%
(quitina
)

Mucor Yam bean 20,7 g/L 500 64 mg/g 83% FAIl et al,

circinelloides (jacatupe) mg/g DD (2011)

Rhizopus arrhizus  Milhocina 20,6 g/L NA 29,3 mglg 86%  CARDOSO et
e mel de al. (2012)
abelha
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A milhocina apresenta quantidade de nitrogénio de 3,85 a 4,1% , sendo grande
parte aminoacidos e polipeptidios, e também 11% de acucares redutores, glicose, e
vitaminas do complexo B. Entre os constiuintes desse substrato encontram-se: alanina,
arginina, &cido aspartico, cistina, acido glutdmico, histidina, isoleucina, leucina, lisina,
metionina, fenilalanina, prolina, treonina, tirosina, e valina (Ligget e Koffler, 1984). A
Tabela 4 mostra que a milhocina utilizada nestes estudo apresentou quantidades
significativas de nitrogénio e carbono, e a casca de mamao também apresentou similar

porcentagem de carbono e hidrogénio.

Tabela 4. Porcentagem de nitrogénio, carbono, hidrogénio e enxofre presentes na
composicao de milhocina e casca de maméo.
Amostra Nitrogénio (%) Carbono (%) Hidrogénio (%) Enxofre(%b)
Milhocina 6,49 37,77 6,74 0
Casca de maméo 2,20 37,80 6,59 0

Ao contrario da milhocina, a casca de mamao é pouco explorada pelo homem,
até mesmo como substrato para meios de cultivo de microrganismos. A exploracéo
dessa fonte nutricional subutilizada na composic¢éo de meios de cultura é reforcada pela
presenca de maiores quantidades de nutrientes como proteinas (3%), carboidratos (1%),
calcio e ferro (7%), magnésio (8%), zinco e cobre (4%) e grandes quantidades de
potassio (13%), em comparacdo a polpa, parte comestivel deste fruto (Gondim et al.,
2005). KHAN et al. (2009) relataram consideravel quantidade de proteinas em residuos
de frutos de maméo, e sugerem a obtencao de alta producdo de biomassa de Rhizopus
oligosporus utilizando este substrato como fonte de nutrientes, em compara¢do com
outras cascas de frutas.

Ambos 0s substratos também proporcionam outros nutrientes importantes para o
metabolismo do microrganismo (RINALDI et al., 2010). SANTOS et al. (2013)
sugerem que o aumento de biomassa é favorecido pela presenca de grande quantidade
de aminoacidos ( leucina, isoleucina, lisina, metionina, tirosina, fenilalanina, treonina e
serina) e vitaminas (biotina, colina, inositol, niacina, piridoxina, riboflavina, tiamina e
acido pantoténico) contido em milhocina que sdo essenciais para o desenvolvimento do
microrganismo.

Os diagramas de Pareto apresentados na figura 1 confirmam a influéncia positiva

da milhocina e do suco de casca de maméao, com significancia estatistica, na producéo
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de biomassa por C. elegans (A) e R. arrhizus (B). Semelhante resultado foi
anteriormente discutido para a condicdo 4 do DCCR (tabela 2), que apresentou 0s
melhores rendimentos de biomassa por ambos os fungos na presenca das maiores
concentragcOes de milhocina e suco da casca de maméo no meio de cultura.

Por outro lado, a producdo de quitina por C. elegans (C) e R. arrhizus (D)
mostrou ser inversamente proporcional as concentracdes desses substratos, ou seja, 0S
gréficos de Pareto (1C e 1D) evidenciam o efeito negativo do aumento de milhocina e
suco de casca de maméao na obtencdo de melhores rendimentos deste polimero. Esses
resultados também foram observados na condicdo 1 do DCCR, com as melhores
quantidades de quitina obtidas por esses fungos. Resposta semelhante também foi
obtida para a quitosana produzida por C. elegans, como mostra o grafico de Pareto (1E).
Em contrapartida, maiores e menores concentragfes de milhocina e casca de maméo,
respectivamente, favoreceram a producdo de quitosana por R. arrhizus.

Os maiores rendimentos de quitosana por C. elegans e de quitina para ambos 0s
fungos foram obtidos no ensaio 1 do DCCR, com as menores concentracGes de cada
uma das variaveis independentes (milhocina 0,5%, suco de casca de mamédo 25%).
Desse modo, quantidades inferiores de milhocina e suco de casca de mamao podem ser
suficientes para futuras obtenc¢des de melhores rendimentos destes biopolimeros por C.
elegans e R. arrhizus, o que seria interessante do ponto de vista econémico. Além disso,
em adi¢do a menor concentragdo de suco de casca de mamdo, também foi necessaria a
maior concentracdo de milhocina para obtencdo do melhor rendimento de quitosana por
R. arrhizus, como mostrado no ensaio 3 (milhocina 4%, suco de casca de mamao 25%),
tabela 2.
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Figura 1. Diagramas de Pareto evidenciando os efeitos das concentra¢des de milhocina
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3.2. Caracterizacdo fisico-quimica da quitosana

As quitosanas extraidas das biomassas de C. elegans e R. arrhizus mostraram
espectros de infravermelho (IFR), graus de desacetilacdo e indices de cristalinidade
similares aos reportados pela literatura (STAMFORD et al., 2007; FAI et al., 2011). Os
resultados de IFR desses polimeros apresentaram as bandas amida de 1657e 1660; 1558
e 1553; e 1320 e 1315 cm™; e a presenca da banda 3483cm™ e 3305cm™, na regido da
deformacédo axial do OH, a qual aparece sobreposta a banda de deformacdo axial do
NH. O grau de desacetilagdo (% GD) é um parametro importante associado as
propriedades fisico-quimicas da quitosana, porque esta envolvido diretamente com as
suas propriedades catidnicas. No presente estudo, as quitosana obtidas por ambos 0s
métodos de extracdo utilzados para C. elegans e R. arrhizus apresentaram 83 a 85% de
desacetilagdo, semelhantes aos observados para as quitosanas de crustaceo de baixa
(83%) e média massa molar (85%).

Os difratogramas de raios-X das amostras de quitosana de crustaceo, e extraidas
a partir desses dois fungos, apresentaram semelhanca quanto a cristalinidade e
apresentaram pico de maior intensidade proximo ao angulo de 20°. Os indices de
cristalinidade foram 25,8% e 21,17% para as quitosanas obtidas por Cunninghamella
elegans e Rhizopus arrhizus, também semelhantes aos obtidos pelas quitosanas
comerciais, com indices de 23,8% e 25,2%.

A viscosidade e a massa molecular das quitosanas microbioldgicas extraidas
pelos métodos propostos por FRANCO et al. (2004) foram, 4,08 x 10* g/mol e 120 cP,
resultados mais proximos aos valores apresentados pela quitosana de crustaceo de
média massa (6,59x10* g/mol, 287 cP) . As quitosanas extraidas pelo método de HU et
al. (1999) apresentaram menores valores de viscosidade e massa molecular de 3,71 cP e
5,05 x 102 g/mol que as quitosanas de crustaceo de baixa massa molar de 29,7 cP e 2,25
x 10% g/mol). Esses resultados eram esperados porque o método de extragdo influencia
nas caracteristicas fisico-quimicas desse polimero. O método sugerido por FRANCO et
al. (2004) provavelmente resultou na quitosana com maior massa molecular porque
utiliza temperaturas mais amenas (60°C e 90°C) durante o processo de extracdo, quando
comparado com o método de HU et al. (1999), que utiliza altas temperaturas (100 °C e

120°C) com uso de autoclave.
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3.3. Producdo e aplicagdo de membranas de quitosana para remocdo de Cd(Il) em

solugdes aquosas

Antes da leitura das correntes de cada solucdo de Cd(ll) do grupo A (Co=2000
ppm), do grupo B (Co= 200ppm), e do grupo C (Co=20 ppm), foram determinados os
valores de corrente para a curva de calibragdo com concentracdes de 1, 2, 5, 8, 10 e 20
ppm de Cd(ll).

Essa curva de calibragdo apresentou a equacgéo linear (y= -8,80967+3,99362x)
utilizada para converter os valores de corrente WA para ppm em cada amostra dos trés
grupos de experimentos. As amostras dos grupos A e B, com concentracdes iniciais de
Cd(Il) acima dos valores dessa curva de calibracdo, precisaram ser dissolvidas 200x e
20x em HCI 0,002N para leitura e adequacdo a curva. Ja as amostras do grupo C foram
lidas diretamente, sem necessitar de diluicdo. O método mostrou alta reprodutibilidade e
boa sensibilidade para a faixa de concentragao estudada.

As tabelas 5, 6 e 7 mostram os valores de corrente (LA) obtidos para cada
solucdo de Cd(ll) em contato com as oito membranas de quitosana, durante a leitura
apos 0, 6, 12, 24, 36 e 48 horas de tempo de contato. Esses valores de corrente
correspondem a media de quatro repeticdes por tratamento. Os resultados obtidos no
tempo zero hora correspondem a amostra do branco com os valores de 38,07 HA para o
grupo A e B, e 75,96 A para o grupo C, como observado nas tabelas 5, 6 e 7.

A intensidade das correntes foi proporcional ao aumento das concentragdes de
Cd(I1) em solugdo. Os menores valores de corrente foram observados apds 12, 36 e 24
horas de contato das solucBes i6nicas dos grupos A, B e C, com cada membrana de
quitosana. Além dessa diferenca dos tempos de contato, cada grupo de experimento
também mostrou a obtencdo dos menores e maiores valores de corrente por amostras em
diferentes tipos de membrana. Entre as amostras do grupo A, aquela que permaneceu
em contato com a membrana QCr(BMM)+NHsOH apresentou o menor valor de
corrente 8,04 YA e as amostras em contato com a membrana QF(MMM) mostraram o
maior valor de corrente de 11,34 pA. No grupo B, os menores e maiores valores de
corrente foram 5,48 pA e 12,78 YA para as amostras em contato com as membranas
QCr(MMM) e QCr(BMM)+NH4OH; j& as amostras do grupo C em contato com as
membranas QF(MMM) e 1QF:2QCr(MMM) apresentaram 0 menor e 0 maior valor de
corrente de 5,87 e 10,11 pA.
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Tabela 5. Valores de corrente (LA ) para Cd (I1) em solugdo aquosa apds os tempos de
contatos de 0, 6, 12, 24 e 48 horas na presenca de membranas de quitosana do grupo A.

Concentracdo inicial de Cd(I1) = 2000 ppm.

A (Cd?*=2000 ppm) Corrente (LA) x Tempo de Contato (h)
Tempo de contato (h)
Membranas
0 6 12 24 48
QCr(MMM) 38,07 238 10,18 12,56 18,59
QCr(BMM) 38,07 21,97 9,16 10,12 19,53
1QF:2QCr(MMM) 38,07 23,95 10,76 12,56 15,19
1QF:1QCr(BMM) 38,07 19,4 10,85 12,37 14
QF(MMM) 38,07 19,29 11,34 14,56 16,22
QCr(MMM)+NH4OH 38,07 16,21 9,54 12,58 12,68
QCr(BMM)+NH4OH 38,07 15,55 8,04 16,75 16,54

QF(MMM)+NH4sOH 38,07 15,25 10,23 18,72 13,61

Tabela 6. Valores de corrente (LA ) para Cd (I1) no tempo inicial (TO) e apds 6, 12, 24,
36 e 48 horas na presenca de membranas de quitosana do grupo B. Concentragéo inicial
de Cd(I1) = 200 ppm.

B (Cd?*=200 ppm) Corrente (LA) x Tempo de Contato (h)
Tempo de contato (h)
Membranas
0 6 12 24 36 48
QCr(MMM) 38,07 20,08 15,00 10,15 5,48 8,96
QCr(BMM) 38,07 31,24 19,77 14,64 9,37 10,45

1QF:2QCr(MMM) 38,07 30,42 18,32 15,44 10,42 12,09
1QF:1QCr(BMM) 38,07 24,86 19,33 13,76 10,62 13,23
QF(MMM) 38,07 19,96 17,81 14,07 11,24 13,18
QCr(MMM)+NH4OH 38,07 20,91 18,38 16,47 12,38 13,33
QCr(BMM)+NH4OH 38,07 19,77 18,01 16,66 12,78 13,12
QF(MMM)+NH4OH 38,07 17,77 15,33 13,53 11,27 13,4
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Tabela 7. Valores de corrente (LA) para Cd (I1) no tempo inicial (TO) e apos 6, 12, 24,
36 e 48 horas na presenca de membranas de quitosana do grupo C. Concentragéo inicial
de Cd(Il) = 20 ppm.

C (Cd?*=20 ppm) Corrente (LA) x Tempo de Contato (h)
Tempo de contato (h)
Membranas
0 6 12 24 36 48
QCr(MMM) 75,96 50,05 36,42 9,41 30,17 27,5
QCr(BMM) 75,96 47,47 37,01 10,4 26,4 23,28
1QF:2QCr(MMM) 75,96 44,47 16,12 10,11 23,85 25,67
1QF:1QCr(BMM) 75,96 46,99 9,86 6,89 19,06 24,14
QF(MMM) 75,96 45,63 17,11 5,87 18,38 24,6
QCr(MMM)+NHsOH 75,96 48,05 13,09 6,75 17,34 23,22
QCr(BMM)+NHs+OH 75,96 43,49 11 9,56 16,68 24,82
QF(MMM)+NH4OH 75,96 38,45 8,24 7,33 21,22 16,02

As maiores e menores intensidades de corrente obtidas por cada grupo de
experimentos A, B e C foram diretamente proporcionais as suas respectivas
concentragdes de Cd?* (ppm) livres em solucéo, ou seja, que ndo foram adsorvidos pelas
membranas de quitosana (Figura 2).

Os graficos da figura 2 mostram o efeito do tempo de contato das membranas na
adsorcdo de Cd(I1) com as concentragdes iniciais de 2000, 200 e 20 ppm, para 0S grupos
A, B e C, pH inicial da solugdo = 2,03+£0,01, a 25°C. Cada grupo de experimento
alcancou o equilibrio de adsorcéo, ou seja, 0 ponto maximo de adsor¢do, onde gt = ge,
nos diferentes tempos de contato de 12, 36 e 24 horas para os grupos A, B e C,
respectivamente. As membranas expostas a maior concentracao inicial de 2000 ppm de
Cd(Il) mostraram a mais rapida saturacdo dos seus sitios de adsor¢do devido a maior
probabilidade de contato deste ion metéalico com o adsorvente, como esperado.

Apdbs esse momento de saturacao, foi observado que o processo de readsor¢édo

iniciava, como observado para cada membrana nos graficos da figura 2.
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Figura 2. Influéncia do tempo de contato na remocdo de cadmio por membranas de
quitosana (pH = 2,03+0,01; 25°C; concentracio inicial de Cd?* para: o grupo A= 2000
mg/L, grupo B= 200mg/L, grupo C= 20mg/L; concentracdo de quitosana=2,5%, ou
8,3g/L; volume da solugédo de Cd?*=10mL).
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Durante o transcorrer de cada tempo de contato das membranas de quitosana
com as solucdes de Cd(ll), foi observado aumento do pH de 2,03+0,01 para 2,14 a 2,28
em todas as amostras. A mesma tendéncia de aumento do pH durante a remocédo de
cadmio foi observada por BENGUELLA et BENAISSA (2002) que observaram o
aumento de 5,70 para 5,02. De acordo com os autores, isso pode ter ocorrido devido a
competicdo entre os fons Cd?* e HsO* pelos sitios de ligacdo no adsorvente,
consequentemente apenas alguns atomos de nitrogénio das glucosaminas tornam-se
disponiveis para adsorcdo deste ion metélico.

A tabela 8 mostra os parametros constantes e os coeficientes de regressdo
obtidos durante a adequacdo dos resultados desse estudo no modelo de isoterma de
Langmuir. Os valores de R? > 0,99 permitem concluir que o modelo de isoterma de
Langmuir foi com aplicado com sucesso para o sistema de adsorcdo de ions de Cd?* -
membrana de quitosana, isto sugere que a adsor¢do por monocamada existiu nas

condicdes experimentais deste estudo.

Tabela 8. Parametros constantes e coeficiente de regressdo para o0 modelo de Langmuir.

_ 3 Modelo de Langmuir
Sistemas de adsorcao

0 max (Mg/g) KL (L/mg) R?
QCr(MMM) - cadmio 87,72 0,005138 0,999
QCr(BMM) - cadmio 58,48 0,00727 0,9973
1QF:2QCr(MMM) - cadmio 51,28 0,00852 0,9965
1QF:1QCr(BMM) - cadmio 44,25 0,01253 0,9948
QF(MMM) - cadmio 40,65 0,01489 0,9937
QCr(MMM)+NH4OH - cAdmio 39,22 0,01444 0,9927
QCr(BMM)+NH4OH- cadmio 42,37 0,01077 0,9939
QF(MMM)+NH4OH- cadmio 43,1 0,0125 0,9943

A isoterma de Langmuir é considerada de base tedrica simples e aplicavel para a
adsorcdo em superficie homogéneas com pouca interacdo com as moléculas adsorvidas.
De acordo com essa isoterma as moléculas sdo adsorvidas em pontos discretos da
superficie, chamados "sitios de adsor¢do™; a energia da espécie adsorvida é a mesma em
qualquer ponto da superficie, e é independente da presenca ou auséncia de moléculas
adsorvidas na vizinhanca, isto €, a superficie € completamente uniforme sob o ponto de

vista energético; a quantidade maxima possivel de adsor¢do é a que corresponde a
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monocamada; e a adsorcdo é localizada e ocorre por colisdo de moléculas com sitios
vazios (COONEY ,1999; CARVALHO, 2006).

Os valores calculados da maxima capacidade de adsorcéo, q max (mg/g), mostram
que as membranas de quitosana exibiram consideravel capacidade para adsorver cadmio
de solucdes aquosa. O maiores valores foram observados para as membranas com
quitosana de crustaceo de média massa molecular, QCr(MMM) = 87,72 e 58,48 mg/g,
provavelmente devido a maior resisténcia fisica destas membranas, em compara¢do com
as de fungo, como visualmente observado durante o transcorrer do tempo de contato.
Desse modo, sdo necessarios futuros estudos para melhorar a estabilidade fisica das
membranas de quitosana fungica, mas sem comprometer muito 0s seus sitios de
adsorcéo.

Mesmo com os melhores resultado de g max (Mg/g) para as membranas de
quitosana de crustaceo, as membranas com quitosana microbiologica conseguiram altos
percentuais de remocao de cadmio (tabelas 9, 10 e 11). Para as membranas do grupo A
(Co=2000ppm) a maior remocdo de Cd?* (61,71%) foi apresentada pela membrana
QCR (MMM) mas, sem diferenca significante em relacdo ao valor de 59,43% obtido
pela membrana de quitosana microbiolégica QF(MMM)+NH4OH, apo6s 12 horas de
contato com solugéo idonica. Em concentragdes inicias de Cd(ll) menores de 200 e 20
ppm as membranas de quitosana de crustaceo e de fungo também mostraram
semelhantes potenciais para adsor¢do deste metal. Os percentuais de remocgéao de cadmio
pelas membranas do grupo B (Co=200 ppm) foram de 69,55% a 57,21%; e para 0 grupo
C foram de 82,68 a 77,73%, ndo apresentando diferencas significativas entre estes

resultados.
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Tabela 9. Percentual de remocdo de Cd(Il) apresentado por cada membrana de

quitosana (grupo A) durante os tempo de contato de 0, 6, 12, 24 e 48 horas, a 25°C.

Concentracao inicial de Cd(11)=2000 ppm.

A (Cd?*=2000 ppm)

Remocéo de Cd?*(%) x Tempo de Contato (h)

Tempo de contato (h)

Membranas
0 6 12 24 48

QCr(MMM) 0 30,51 59,53 54,46 41,91
QCr(BMM) 0 34,41 61,71 59,66 39,61
1QF:2QCr(MMM) 0 30,19 58,30 54,46 48,86
1QF:1QCr(BMM) 0 39,88 58,10 54,86 51,39
QF(MMM) 0 40,12 57,06 50,20 46,66
QCr(MMM)+NH4OH 0 46,68 60,90 54,42 54,20
QCr(BMM)+NHsOH 0 48,09 64,09 45,53 45,98
QF(MMM)+NH4sOH 0 48,73 59,43 52,22 41,33

Tabela 10. Percentual de remocdo de Cd(ll) apresentado por cada membrana de

quitosana (grupo B) durante os tempo de contato de 0, 6, 12, 24, 36 e 48 horas, a 25°C.

Concentracéo inicial de Cd(11)=200 ppm.

B (Cd?*=200 ppm)

Remocéo de Cd?*(%) x Tempo de Contato (h)

Tempo de contato (h)

0 6 12 24 36 48

QCr(MMM) 0 29,91 49,26 59,6 69,55 62,13
QCr(BMM) 0 14,65 39,1 50,03 61,26 58,96
1QF:2QCr(MMM) 0 16,4 42,19 48,32 59,02 55,46
1QF:1QCr(BMM) 0 28,25 40,03 51,9 58,59 53,03
QF(MMM) 0 38,69 43,27 51,24 57,27 53,14
QCr(MMM)+NH4OH 0 36,67 42,06 46,13 54,84 52,82
QCr(BMM)+NH4OH 0 39,1 42,85 45,72 53,99 53,27
QF(MMM)+NH4OH 0 43,36 48,56 52,39 57,21 52,67
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Tabela 11. Percentual de remocdo de Cd(ll) apresentado por cada membrana de
quitosana (grupo C) durante os tempo de contato de 0, 6, 12, 24, 36 e 48 horas, a 25°C.
Concentracdo inicial de Cd(I1)=20 ppm.

C (Cd?*=20 ppm) Remocéo de Cd?*(%) x Tempo de Contato (h)
Tempo de contato (h)
Membranas
0 6 12 24 36 48
QCr(MMM) 0 3054 46,07 7828 5352 56,71
QCr(BMM) 0 33,59 45,93 77,73 58,45 62,13
1QF:2QCr(MMM) 0 37,13 70,58 77,67 61,46 59,31
1QF:1QCr(BMM) 0 34,16 77,97 81,47 67,11 61,12
QF(MMM) 0 35,76 69,41 8268 67,92 6058
QCr(MMM)+NH4OH 0 32,9 74,16 81,64 69,14 62,2
QCr(BMM)+NH4OH 0 38,29 76,62 78,32 69,92 60,32
QF(MMM)+NH4+OH 0 44,23 79,88 80,95 64,56 70,7

Os resultados obtidos no presente estudo confirmam a potencial da quitosana na
remocdo de ions metalicos. De acordo com LIAO et al. (2013) a ligacdo dos céations
metalicos na molécula de quitosana pode ocorrer com 0s grupos hidroxila e os pares de
elétrons livres do nitrogénio do grupo amina neste polimero. Em contraste com a
quitina, a quitosana apresenta maior capacidade de adsorcdo de metais pesados devido
ao seu maior grau de grupos amina. Assim, os resultados mostraram que,
provavelmente, a maior viscosidade e massa molecular da quitosana de crustaceo (QCr
MMM) forneceu mais grupos amina e hidroxila disponiveis para interagir e adsorver
fons de Cd? *. Mesmo com essa diferenca, todas as membranas testadas apresentaram
consideravel capacidade para remocdo de altas concentracfes de cadmio, superiores a
concentracdo minima aceitavel (0,01 ppm) pelo CONAMA, podendo ser consideradas
eficientes materiais para futuras aplicagdes em praticas de descontaminacdo ambiental

por este poluente.
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CONCLUSOES

Os fungos Cunninghamella elegans e Rhizopus arrhizus apresentaram
crescimento e producdo de quitina e quitosana satisfatorios, com
rendimentos destes biopolimeros semelhantes ou superiores aos encontrados

na literatura;

Os susbtratos sintéticos (glicose, tiamina e asparagina) e os alternativos
(milhocina, manipueira, melaco e casca de mamao) podem ser aplicados
como fontes de carbono e nitrogénio em meios de cultura para C. elegans e
R. arrhizus, otimizando e até mesmo reduzindo os custos de producdo de

quitina e quitosana;

Os maiores rendimentos de biomassa, quitina e quitosana apresentados por
C. elegans e R. arrhizus foram, respectivamente, obtidos nos diferentes
meios de cultura: Milhocina com Melaco, Hesseltine e Anderson (1957)

modificado, e Milhocina com Suco de Casca de Mamao;

As quitosanas extraidas de C. elegans e R. arrhizus apresentaram efeito
antimicrobiano contra 0s  microrganismos  patogénicos  Listeria
monocytogenes, Pseudomonas aeruginosa, Salmonella enterica, and

Yersinia enterocolitica, Staphylococcus aureus e Escherichia coli;

O potencial de remocdo de Cd(ll) em solucdes aquosas foi relativamente

similar para as membranas de quitosana de crustaceo e de fungo;

As membranas de quitosana de crustaceo e de fungo proporcionaram uma
consideravel remocdo de Cd(ll) em solugbes aquosas, podendo se tornar
uma alternativa de baixo custo na despoluicdo de ambientes contamindos

por metais pesados;
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Submission Checklist

During the submission process of your manuscript, you will be prompted for the following
information. This checklist is intended to help you to prepare the relevant information
beforehand.

Topical Section or Special Issue: please choose to either 1. submit your manuscript to
one of the topical sections of the IJIMS; or 2. to one of the special issues of the IIMS
that are currently accepting submissions:
1. Topical sections of the IJIMS:
» Bioactives and Nutraceuticals
= Biochemistry, Molecular Biology and Biophysics
=  Green Chemistry
= Material Sciences and Nanotechnology
» Molecular Diagnostics
= Molecular Pathology
= Molecular Recognition
» Molecular Toxicology
= Physical Chemistry, Theoretical and Computational Chemistry
2. List of special issues currently accepting submissions
Type of Paper: please choose an appropriate article type for your paper:
o Article: full research paper
o Communication: short communication of new research results
o Review: full review paper on a sinlge subject (a short review paper might be
published as Mini Review)
o Short Note: concise summary of a research work
o Technical Note: report on a new technique applied in research (description of a
new method)
Authors: collect the full given names, surnames, and e-mail addresses of all co-authors.
Coverletter and List of Potential Referees: prepare a short cover letter and the names
of exactly 5 possible referees (at least e-mail addresses and surnames must be given for
referees). Optional: list of maximum 3 excluded referees.
Manuscript and Possible Supplementary Files: you will be asked to submit the MS
Word or LaTeX version and a PDF version of your manuscript. All supplementary files
are to be zipped into one folder and uploaded as one single ZIP file.

Submission of Manuscripts

Submission Process: Manuscripts for IJMS should be submitted online at
susy.mdpi.com. To submit your manuscript, register and log in to this website. Once
you are registered, click here to go to the submission form for 1JMS.

Accepted File Formats:

o Microsoft Word: Manuscript prepared in MS Word must be converted into a
single file before submission. When preparing manuscripts in MS Word, the
1JMS Microsoft Word template file must be used. Please do not insert any
graphics (schemes, figures, etc.) into a movable frame which can superimpose
the text and make the layout very difficult.

o LaTeX: Manuscripts prepared in LaTeX must be zipped into one ZIP folder
(include all source files and images, so that the Editorial Office can modify the
manuscript before peer-review, if needed). Ensure to send a copy of your
manuscript as a PDF file also, if you decided to use LaTeX. When preparing
manuscripts in LaTeX, please use the 1JMS LaTeX template files.

Coverletter: Please provide a short cover letter where you detail the reasons why the
editors of 1IJMS should consider your paper for publication in this journal. Check in
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your cover letter whether you supplied at least 5 possible referees. Check if the English
corrections are done before submission.

Note Regarding Conference Papers: Expanded and high quality conference papers are
also considered in 1JMS if they fulfill the following requirements: (1) The paper should
be expanded to the size of a research article. (2) The conference paper should be cited
and mentioned as a note on the first page of the paper. (3) If the authors do not hold the
copyright to the published conference paper, authors should seek the appropriate
permission from the copyright holder. (4) Authors are asked to disclose the conference
paper in their cover letter including a statement on what has been changed compared to
the conference paper.

Manuscript Preparation

Paper Format: A4 paper format, the printing area is 17.5 cm x 26.2 cm. The margins
should be 1.75 cm on each side of the paper (top, bottom, left, and right sides). There is
no page limit. Full experimental details (for original research papers) must be provided
so that the results can be reproduced.

Formatting / Style: The paper style of IJMS should be followed. You may download a
template file from the IIMS homepage to prepare your paper. It is not necessary to
follow the manuscript structure showed in the template file for review papers.

Authors List and Affiliation Format: Authors' full first and last names must be given.
Abbreviated middle name can be added. For papers written by various contributors a
corresponding author must be designated. The PubMed/MEDLINE format is used for
affiliations: complete address information including city, zip code, state/province,
country, and email address should be added. All authors who contributed significantly
to the manuscript (including writing a section) should be listed on the first page of the
manuscript, below the title of the article. Other parties, who provided only minor
contributions, should be listed under Acknowledgments only. A minor contribution
might be a discussion with the author, reading through the draft of the manuscript, or
performing English corrections.

Abstract and Keywords: The abstract should be prepared as one paragraph of about
200 words. For research articles, abstracts should give a pertinent overview of the work,
its purpose, the main methods or treatments applied; summarize the article's findings or
facts and indicate the authors' conclusions or interpretation. As such, the abstract aims
at being an objective representation of the article and must not contain results or data
which are not presented and substantiated in the main text. Note that abstracts serve two
main purposes: on one hand abstracts are used by potential readers to assess the
relevancy of an article for their own work. On the other hand, abstracts are used by
indexing databases to catalog articles appropriately. Also, three to 10 pertinent
keywords need to be added after the abstract. We recommend that the abstract and the
keyword list use words that are specific to the article yet reasonably common within the
subject discipline.

Abstract Graphic: Authors are encouraged to provide a self-explanatory graphical
abstract of the paper to be used along with the abstract on the Table of Contents and
search results. The graphic should not exceed 550 pixels width/height and can be
provided as a PDF, JPG, PNG or GIF file. The minimum text size in the graphic should
be 12 pt.

Units: Sl units (International System of Units) should be used for this journal. Imperial,
US customary and other units should be converted to SI units whenever possible before
submission of a manuscript to the journal.

Figures, Schemes and Tables: Authors are encouraged to prepare figures and schemes
in color. Full color graphics will be published free of charge. We kindly request authors
to provide figures and schemes at a sufficiently high resolution (min. 600 pixels width,
300 ppi). Figures and schemes must be numbered (Figure 1, Scheme I, Figure 2,
Scheme I1, etc.) and a explanatory title must be added. Tables should be inserted into
the main text, and numbers and titles for all tables supplied. All table columns should

165


http://www.mdpi.com/journal/ijms/instructions#referees
http://www.mdpi.com/journal/ijms/instructions#english
http://www.mdpi.com/journal/ijms/instructions#english
http://www.mdpi.com/files/word-templates/ijms-template.dot

have an explanatory heading. To facilitate the copy-editing of larger tables, smaller
fonts may be used, but in no case should these be less than 10 pt in size. Authors should
use the Table option of MS Word to create tables, rather than tabs, as tab delimited
columns are often difficult to format for the final PDF output. Please supply captions
for all figures, schemes and tables. The captions should be prepared as a separate
paragraph of the main text and placed in the main text before a table, a figure or a
scheme.

e Equations: If you are using Word, please use either the Microsoft Equation Editor or
the MathType add-on in your paper. It should be editable, not in the format of a picture.

e Conflicts of Interest: Authors must identify and declare any personal circumstances or
interest that may be perceived as inappropriately influencing the representation or
interpretation of reported research results. If there is no conflict of interest, please state
"The authors declare no conflict of interest.” This should be conveyed in a separate
"Conflicts of Interest" statement immediately preceding the "References" section of the
manuscript. Financial support for the study must be fully disclosed under the
"Acknowledgments" section.

e Acknowledgments: Please clearly indicate grants that you have received in support of
your research work (including funds for covering the costs to publish in open access).
Note that some funders will not refund article processing charges (APC) if the funder
and grant number are not clearly identified in the paper. The Acknowledgments section
is placed just before the References section.

o References: Please ensure that a comprehensive list of all relevant references is
provided at the end of the manuscript, and that all references are cited within the paper
and numbered consecutively throughout the paper (including citations in tables and
legends). References should preferably be prepared with a bibliography software
package, such as Zotero, EndNote or ReferenceManager. If references are prepared
manually they must be checked for integrity and correctness.

o Reference Formatting: All the references mentioned in the text should be listed
separately and as the last section at the end of the manuscript, and be numbered
consecutively throughout the paper. Do not repeat references in the references list.
Reference numbers should be placed in square brackets [ ], and placed before the
punctuation; for example [4] or [1-3]. For embedded citations in the text with
pagination, use both parentheses and brackets to indicate the reference number and page
numbers; for example [5] (p. 10). or [6] (pp. 101-105). Include the full title for cited
articles. See the Reference Preparation Guide for more detailed information.

e Supplementary Material and Research Data: authors are encouraged to make their
experimental and research data openly available. Large datasets and files should be
deposited to specialized data repositories. Small datasets, spreadsheets, images, video
sequences, conference slides, software source code, etc. can be included with the
submission and published as supplementary material. Please read the information about
Supplementary Material and Data Deposit beneath for additional information and
instructions.

Authorship and Authors Contributions

For research articles with more than one author, authors are asked to prepare a short, one
paragraph statement giving the individual contribution of each co-author to the reported
research and writing of the paper. The paragraph should be titled "Author Contributions" and
placed in the paper after the "Acknowledgement™ section and before the "Conflicts of Interest”
statement.

Only major contributors should be listed as authors. Those with small or technical contributions
can be mentioned in the Acknowledgements section. Authors themselves are responsible for the
correct identification and attribution of authorship. According to the COPE standard, to which
this journal adheres, "all authors should agree to be listed and should approve the submitted and
accepted versions of the publication. Any change to the author list should be approved by all
authors including any who have been removed from the list. The corresponding author should
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act as a point of contact between the editor and the other authors and should keep co-authors
informed and involve them in major decisions about the publication (e.g. responding to
reviewers’ comments)." [1]

1. Wager, E.; Kleinert, S. Responsible research publication: international standards for
authors. A position statement developed at the 2nd World Conference on Research
Integrity, Singapore, July 22-24, 2010. In Promoting Research Integrity in a Global
Environment; Mayer, T., Steneck, N., eds.; Imperial College Press / World Scientific
Publishing: Singapore; Chapter 50, pp. 309-16.

Peer-Review and Editorial Procedure
Initial Check
All submitted manuscripts are received by the Editorial Office. The in-house Managing Editor
will perform a preliminary check of the manuscript to assess if: it suits the scope of the journal,
whether it is properly prepared, and whether the manuscript follows the ethical policies of the
journal. In case of doubt, the Managing Editor may consult with the journals’ Editor-in-Chief
or an Editorial Board member. Manuscripts that do not fit the journal or are not in line with our
ethical policy may be rejected before peer-review. Manuscripts that are not properly prepared
will be returned to the authors for revision and resubmission.
Expert Peer-Review
Once a manuscript passes the initial check, it will be assigned to several independent experts for
peer-review. Experts may include past and present Editorial Board members and Guest Editors
of the journal. However, we also actively seek other experts, which are identified during
literature searches. Potential referees suggested by the authors are also carefully considered. As
a general rule, referees should not have published with one or more of the co-authors during the
past five years and should not currently work or collaborate with one of the institutes of the co-
authors of the manuscript under consideration. At least two expert opinions will be collected for
each manuscript.
Revisions and Editorial Decision
Based on the comments from the outside referees, the Editorial Office will usually ask the
authors for minor or major revisions. If the comments are either very positive or very negative,
the Editorial Office may directly ask the academic editor (usually the Editor-in-Chief or a
Guest Editor) for a decision. Otherwise, the manuscript will be sent back to the authors for
minor or major revisions. In case of minor revisions, the Editorial Office will ask the academic
editor for a final decision on the revised version of the manuscript. In case of major revisions,
the manuscript will usually be sent back to one or more of the outside referees before sending
the paper to the academic editor for a decision. We allow a maximum of two rounds of major
revisions.
Author Appeals
Authors may appeal editorial decisions by sending an e-mail to the Editorial Office of the
journal. The Managing Editor of the journal will forward the manuscript and relating
information (including the identities of the referees) to an appropriate Editorial Board member
of the journal. If no appropriate Editorial Board member is available, the editor will identify a
suitable external scientist. The Editorial Board member may judge the paper by himself or
request additional expert opinions to judge the manuscript. The Editorial Board member will be
asked to give an advisory recommendation on the manuscript. If the manuscript is rejected
based on the Editorial Board member review, the decision will be final and cannot be revoked.
Production and Publication
Once accepted, a manuscript will undergo our standard production procedure. This entails
professional copy-editing of the paper, English editing, proofreading by the authors, final
corrections, pagination and publication on the www.mdpi.com website.
Peer-Review / Referees
During the submission process, authors are asked to suggest five potential referees with the
appropriate expertise to review the manuscript. The editors will not necessarily approach these
referees. Please provide as detailed contact information as possible (address, homepage, phone,
e-mail address). The proposed referees should be experts in the field who can provide an
objective report—they should not be current collaborators of the co-authors nor have published
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with any of the co-authors of the manuscript within the last 5 years. Proposed referees should be
from different institutions to the authors. You may identify appropriate Editorial Board
members of the journal as potential referees. Another possibility is to select referees from
among the authors that you frequently cite in your paper.

English Corrections

This journal is published in English, so it is essential that for proper refereeing and quick
publication all manuscripts are submitted in grammatically correct English. If you are not a
native English speaker, we strongly recommend that you have your manuscript professionally
edited before submission. Professional editing will mean that reviewers are better able to read
and assess your manuscript.

English-language editing will: improve grammar, spelling, and punctuation; improve clarity and
resolve ambiguity; and ensure that the tone of the language is appropriate for an academic
journal. We suggest that for this purpose your manuscript be revised by an English speaking
colleague before submission. Authors can also use one of the English editing services for this
purpose. Use of any editing supplier is not compulsory, and will not guarantee acceptance or
preference for publication in 1JMS. For additional information see the English Editing
Guidelines for Authors.

Publication Ethics Statement

IJMS is a member of the Committee on Publication Ethics (COPE). The editors of this journal
take the responsibility to enforce a rigorous peer-review process together with strict ethical
policies and standards to ensure to add high quality scientific works to the field of scholarly
publication. Unfortunately, cases of plagiarism, data falsification, image manipulation,
inappropriate authorship credit, and the like, do arise. The editors of IJMS take such publishing
ethics issues very seriously and are trained to proceed in such cases with a zero tolerance policy.
Authors wishing to publish their papers in IJMS are asked to abide to the following rules:

e Authorship and authors' contributions to the paper need to be fully and accurately
disclosed.

e Any facts that might be perceived as a possible conflict of interest of the author(s) need
to be disclosed in the paper prior to submission.

o All funding of the research needs to be precisely disclosed.

e Authors should accurately present their research findings and include an objective
discussion of the significance of their findings.

e Data and methods used in the research need to be presented in sufficient detail in the
paper, so that other researchers can replicate the work.

o Raw data should preferably be publicly deposited by the authors before submission of
their manuscript. At least, authors need to have the raw data readily available for
presentation to the referees and the editors of the journal, if requested. Authors need to
ensure appropriate measures are taken so that raw data is retained in full for a
reasonable time after publication.

e Plagiarism, data fabrication and image manipulation are not tolerated. Simultaneous
submission of manuscripts to more than one journal is not tolerated.

o Republishing content that is not novel is not tolerated (for instance, an English
translation of a paper that is already published in another language is not tolerated).

o If errors and inaccuracies are found by the authors after publication of their paper, those
need to be promptly communicated to the editors of this journal, so that editors can
issue a correction, amendment or retraction of the paper.

Supplementary Material Deposit

In order to maintain the integrity, transparency and reproducibility of research records, and to
retain important chemical and structural information, authors are strongly encouraged to make
their experimental and research data openly available either by depositing into data repositories
or by publishing the data and files as supplementary information in this journal. Supplementary
data and files can be uploaded as "Supplementary Files" during the manuscript submission
process. The supplementary files will be offered to the referees as part of the peer-review
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process, although referees are not specifically asked to review supplementary files. Accepted
file formats include (but are not limited to):

e spectral data (NMR, IR, Raman, ESR, etc.) in JCAMP (JDX) format
3D coordinate structures (in PDB, MOL, XYZ or other common format)
crystallographic information (in CIF format)
data tables and spreadsheets (text files, MS Excel, OpenOffice, CSV, XML, etc.)
text documents (text files, PDF, MS Word, OpenOffice, etc.; text documents will be
preferably converted to PDF files for the publication)
images (JPEG, PNG, GIF, TIFF, BMP, etc.)
videos (AVI, MPG, QuickTime, etc.)
executables (EXE, Java, etc.)

o software source code
Large data sets and files should be deposited to specialized service providers (such as Figshare)
or institutional/subject repositories, preferably those that use the DataCite mechanism. For a list
of specialized repositories for the deposit of scientific and experimental data, please consult
databib.org or re3data.org. The data repository name, link to the data set (URL) and accession
number, doi or handle number of the data set must be provided in the paper. The journal Data
(ISSN 2306-5729) is also accepting submissions of data set papers, and the publication of small
data sets and/or software source code along with the paper is encouraged.
Ethical Guidelines for the Use of Animals in Research

The editors will require that the benefits potentially derived from any research causing harm to
animals are significant in relation to any cost endured by animals, and that procedures followed
are unlikely to cause offense to the majority of readers. Authors should particularly ensure that
their research complies with the commonly-accepted '3Rs"

e Replacement of animals by alternatives wherever possible,

e Reduction in number of animals used, and

o Refinement of experimental conditions and procedures to minimize the harm to

animals.

Any experimental work must also have been conducted in accordance with relevant national
legislation on the use of animals for research. For further guidance authors should refer to the
Code of Practice for the Housing and Care of Animals Used in Scientific Procedures [1].
Manuscripts containing original descriptions of research conducted in experimental animals
must contain details of approval by a properly constituted research ethics committee. As a
minimum, the project identification code, date of approval and name of the ethics committee or
institutional review board should be cited in the Methods section. During the electronic
submission process, authors will be asked to inform the Editor-in-Chief of any potential
conflicts of interest.
1. Home Office. Animals (Scientific Procedures) Act 1986. Code of Practice for the Housing
and Care of Animals Used in Scientific Procedures. Available online: http://www.official-
documents.gov.uk/document/hc8889/hc01/0107/0107.pdf.
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Bioresource Technology- Guide for Authors

INTRODUCTION

Bioresource Technology publishes original articles, review articles, case studies and short
communications on the fundamentals, applications and management of bioresource technology.
The journal's aim is to advance and disseminate knowledge in all the related areas of biomass,
biological waste treatment, bioenergy, biotransformations and bioresource systems analysis, and
technologies associated with conversion or production.

Topics include:

* Biofuels: liquid and gaseous biofuels production, modeling and economics

* Bioprocesses and bioproducts: biocatalysis and fermentations

* Biomass and feedstocks utilization: bioconversion of agro-industrial residues

* Environmental protection: biological waste treatment

» Thermochemical conversion of biomass: combustion, pyrolysis, gasification, catalysis

For more details, authors should consult the Subject Classifications in the Guide for Authors.
The journal does not consider articles dealing with crop cultivation, breeding and agronomy,
plant extracts and enzymes, composites, marine organisms (except microorganisms and algae
for bioprocesses), soil and air pollution, and performance of fuel combustion in engines.
Bioresource Technology does not consider part papers.

Types of paper

When submitting a manuscript to the journal, authors must choose one or more classifications
that best describe their manuscript. A list of classifications can be found here

Submission of papers:

Papers from all over the World: Please use Elsevier's online submission system to submit to the
journal. The direct link is http://ees.elsevier.com/bite/

Covering letter to the editor:

When submitting the manuscript, it is mandatory to include a covering letter to the editor. The
covering letter must state:

(1) Subject Classification selected from the list (see guide for authors and select the most
suitable ONE ONLY).

(2) That all the authors mutually agree that it should be submitted to BITE.

(3) It is the original work of the authors.

(4) That the manuscript was not previously submitted to BITE.

(5) State the novelty in results/findings, or significance of results.

Types of contributions: Original research papers, review articles, case studies, short
communications, book reviews. Review articles would be generally solicited by the editors from
the experts. However, these can be contributed by others also. In this case, authors must consult
the editor by sending the extended summary (300-400 words), outline and the list of
publications of authors on the topic.

BEFORE YOU BEGIN

Ethics in publishing

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.
Conflict of interest

All authors are requested to disclose any actual or potential conflict of interest including any
financial, personal or other relationships with other people or organizations within three years of
beginning the submitted work that could inappropriately influence, or be perceived to influence,
their work. See also http://www.elsevier.com/conflictsofinterest. Further information and an
example of a Conflict of Interest form can be found at:
http://help.elsevier.com/app/answers/detail/a_id/286/p/7923.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract or as part of a published lecture or academic thesis or as an
electronic preprint, see http://www.elsevier.com/postingpolicy), that it is not under
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consideration for publication elsewhere, that its publication is approved by all authors and
tacitly or explicitly by the responsible authorities where the work was carried out, and that, if
accepted, it will not be published elsewhere in the same form, in English or in any other
language, including electronically without the written consent of the copyright-holder. To verify
originality, your article may be checked by the originality detection service CrossCheck
http://www.elsevier.com/editors/plagdetect.

Changes to authorship

This policy concerns the addition, deletion, or rearrangement of author names in the authorship
of accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove an
author, or to rearrange the author names, must be sent to the Journal Manager from the
corresponding author of the accepted manuscript and must include: (a) the reason the name
should be added or removed, or the author names rearranged and (b) written confirmation (e-
mail, fax, letter) from all authors that they agree with the addition, removal or rearrangement. In
the case of addition or removal of authors, this includes confirmation from the author being
added or removed. Requests that are not sent by the corresponding author will be forwarded by
the Journal Manager to the corresponding author, who must follow the procedure as described
above. Note that: (1) Journal Managers will inform the Journal

Editors of any such requests and (2) publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete, or
rearrange author names in an article published in an online issue will follow the same policies as
noted above and result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your rticle
is more suitable in one of our other participating journals, then you may be asked to consider
transferring the article to one of those. If you agree, your article will be transferred
automatically on your behalf with no need to reformat. More information about this can be
found here: http://www.elsevier.com/authors/article-transfer-service.

Copyright

This journal offers authors a choice in publishing their research: Open Access and Subscription.
For Subscription articles

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement’ (for more information on this and copyright, see
http://www.elsevier.com/copyright). An e-mail will be sent to the corresponding author
confirming receipt of the manuscript together with a 'Journal Publishing Agreement' form or a
link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for
internal circulation within their institutions. Permission of the Publisher is required for resale or
distribution outside the institution and for all other derivative works, including compilations and
translations (please consult http://www.elsevier.com/permissions). If excerpts from other
copyrighted works are included, the author(s) must obtain written permission from the copyright
owners and credit the source(s) in the article. Elsevier has preprinted forms for use by authors in
these cases: please consult http://www.elsevier.com/permissions.

For Open Access articles

Upon acceptance of an article, authors will be asked to complete an 'Exclusive License
Agreement’ (for more information see http://www.elsevier.com/OAauthoragreement).
Permitted reuse of open access articles is determined by the author's choice of user license (see
http://www.elsevier.com/openaccesslicenses).

Retained author rights

As an author you (or your employer or institution) retain certain rights. For more information on
author rights for:

Subscription articles please see http://www.elsevier.com/journal-authors/author-rights-and-
responsibilities.

Role of the funding source
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You are requested to identify who provided financial support for the conduct of the research
and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in study
design; in the collection, analysis and interpretation of data; in the writing of the report; and in
the decision to submit the article for publication. If the funding source(s) had no such
involvement then this should

be stated.

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authors whose articles
appear in journals published by Elsevier, to comply with potential manuscript archiving
requirements as specified as conditions of their grant awards. To learn more about existing
agreements and policies please visit

http://www.elsevier.com/fundingbodies.

Open access

This journal offers authors a choice in publishing their research:

Open Access

* Articles are freely available to both subscribers and the wider public with permitted reuse

* An Open Access publication fee is payable by authors or their research funder

Subscription

* Articles are made available to subscribers as well as developing countries and patient groups
through our access programs (http://www.elsevier.com/access)

* No Open Access publication fee

All articles published Open Access will be immediately and permanently free for everyone to
read and download. Permitted reuse is defined by your choice of one of the following Creative
Commons user licenses:

Creative Commons Attribution (CC BY): lets others distribute and copy the article, to create
extracts, abstracts, and other revised versions, adaptations or derivative works of or from an
article (such as a translation), to include in a collective work (such as an anthology), to text or
data mine the article, even for commercial purposes, as long as they credit the author(s), do not
represent the author as endorsing their adaptation of the article, and do not modify the article in
such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for
noncommercial purposes, lets others distribute and copy the article, to create extracts, abstracts
and

other revised versions, adaptations or derivative works of or from an article (such as a
translation), to include in a collective work (such as an anthology), to text and data mine the
article, as long as they credit the author(s), do not represent the author as endorsing their
adaptation of the article, do not modify the article in such a way as to damage the author's honor
or reputation, and license their new adaptations or creations under identical terms (CC BY-NC-
SA).

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND): for
noncommercial purposes, lets others distribute and copy the article, and to include in a
collective work (such as an anthology), as long as they credit the author(s) and provided they do
not alter or modify the article.

To provide Open Access, this journal has a publication fee which needs to be met by the authors
or their research funders for each article published Open Access.

Your publication choice will have no effect on the peer review process or acceptance of
submitted articles.

The publication fee for this journal is $3300, excluding taxes. Learn more about Elsevier's
pricing policy: http://www.elsevier.com/openaccesspricing.

Language and language services

Please write your text in good English (American or British usage is accepted, but not a mixture
of these). The Editors suggest avoidance of usage of first person (we, us, our) in the text.
Authors who require information about language editing and copyediting services pre- and
postsubmission please visit http://www.elsevier.com/languageediting or our customer support
site at http://epsupport.elsevier.com for more information.
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Please note that poor language may cause the rejection of the manuscript.

Submission

Submission to this journal proceeds totally online and you will be guided stepwise through the
creation and uploading of your files. The system automatically converts source files to a single
PDF file of the article, which is used in the peer-review process. Please note that even though
manuscript source files are converted to PDF files at submission for the review process, these
source files are needed for further processing after acceptance. All correspondence, including
notification of the Editor's decision and requests for revision, takes place by e-mail removing
the need for a paper trail.

Submit your article

Please submit your article via http://ees.elsevier.com/bite.

Referees

Please submit, with the manuscript, the names, addresses and e-mail addresses of 5 potential
referees. Note that the editor retains the sole right to decide whether or not the suggested
reviewers are used.

The Executive Editor first evaluates all manuscripts on technical aspects such as compliance to
the Guide For Authors, quality of grammar or English language. Revision can be requested.
Manuscripts accepted at this stage are passed to the handling editor who can also reject on the
basis of insufficient originality, serious scientific flaws, or because the work is considered
outside the aims and scope

of the journal. Those that meet the minimum criteria are passed on to experts for review.
Referees advise the editor, who is responsible for the final decision to accept or reject the
article. Please note:

Any Editor's decision is final.

Manuscripts previously rejected by the Journal will not be re-considered by the Editors, and
therefore will be rejected without review.

PREPARATION

Manuscript Preparation

General:

Authors must follow guide for authors strictly, failing which the manuscripts would be rejected
without review. Editors reserve the right to adjust the style to certain standards of uniformity.
Structure:

Follow this order when typing manuscripts: Title, Authors, Affiliations, Abstract, Keywords,
Introduction, Materials and Methods, Results and Discussion, Conclusions, Acknowledgements,
References, Figure Captions, Tables and Figures. The corresponding author should be identified
with an asterisk and footnote. All other footnotes (except for table footnotes) should be avoided.
Collate acknowledgements in a separate section at the end of the article and do not include them
on the title page, as a footnote to the title or otherwise.

Text Layout:

Use double spacing and wide (3 cm) margins on white paper. (Avoid full justification, i.e., do
not use a constant right-hand margin.) Ensure that each new paragraph is clearly indicated.
Present tables and figure legends on separate pages at the end of the manuscript. If possible,
consult a recent issue of the journal to become familiar with layout and conventions. Number all
pages consecutively, use

12 pt font size and standard fonts.

Page length: Maximum page length should be 15, 35 and 40 pages for Short Communication,
Original article/case study and review paper, including text, references, tables and figures. Each
figure and table must be put separately on a single page.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. In particular, do not
use the word processor's options to justify text or to hyphenate words. However, do use bold
face, italics, subscripts,
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superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align
columns.

The electronic text should be prepared in a way very similar to that of conventional manuscripts
(see also the Guide to Publishing with Elsevier: http://www.elsevier.com/guidepublication).
Note that source files of figures, tables and text graphics will be required whether or not you
embed your figures in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and ‘grammar-
check' functions of your word processor.

LaTeX

You are recommended to use the Elsevier article class elsarticle.cls
(http://www.ctan.org/tex-archive/macros/latex/contrib/elsarticle) to prepare your manuscript and
BibTeX (http://www.bibtex.org) to generate your bibliography.

For detailed submission instructions, templates and other information on LaTeX, see
http://www.elsevier.com/latex.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may
be given a brief heading. Each heading should appear on its own separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a detailed
literature survey or a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already published should
be indicated by a reference: only relevant modifications should be described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in
the Introduction and lay the foundation for further work. In contrast, a Calculation section
represents a practical development from a theoretical basis.

Results and Discussion

Results should be clear and concise, and be part of a single section, discussing the significance
of the results of the work, not repeat them. Extensive citation and discussion of the published
literature should be avoided.

Conclusions

The main conclusions drawn from results should be presented in a short Conclusions section
(maximum 100 words).

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and
equations in appendices should be given separate numbering: Eq. (A.1), Eg. (A.2), etc.; in a
subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1,
etc.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

» Author names and affiliations. Where the family name may be ambiguous (e.g., a double
name), please indicate this clearly. Present the authors' affiliation addresses (where the actual
work was done) below the names. Indicate all affiliations with a lower-case superscript letter
immediately after the author's name and in front of the appropriate address. Provide the full
postal address of each affiliation, including the country name and, if available, the e-mail
address of each author.

 Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that phone numbers (with country
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and area code) are provided in addition to the e-mail address and the complete postal
address.

Contact details must be kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, a 'Present address' (or 'Permanent address’) may be
indicated as a footnote to that author's name. The address at which the author actually did the
work must be retained as the main, affiliation address. Superscript Arabic numerals are used for
such footnotes.

Abstract

A concise and factual abstract is required. Each paper should be provided with an abstract of
about 100-150 words. The abstract should state briefly the purpose of the research, the principal
results and major conclusions. An abstract is often presented separately from the article, so it
must be able to stand alone. For this reason, References should be avoided, but if essential, then
cite the author(s)

and year(s). Also, non-standard or uncommon abbreviations should be avoided, but if essential
they must be defined at their first mention in the abstract itself.

Graphical abstract

A Graphical abstract is optional and should summarize the contents of the article in a concise,
pictorial form designed to capture the attention of a wide readership online. Authors must
provide images that clearly represent the work described in the article. Graphical abstracts
should be submitted as a separate file in the online submission system. Image size: Please
provide an image with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The
image should be readable at a size of 5 x 13 cm using a regular screen resolution of 96 dpi.
Preferred file types: TIFF, EPS, PDF or MS Office files. See
http://www.elsevier.com/graphicalabstracts for examples.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images also in accordance with all technical requirements: Illustration
Service.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate file in the online
submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points

(maximum 85 characters, including spaces, per bullet point). See
http://www.elsevier.com/highlights for examples.
Keywords

Immediately after the abstract, provide a maximum of 5 keywords to be included in an article,
using American spelling and avoiding general and plural terms and multiple concepts (avoid,
for example, "and", "of"). Be sparing with abbreviations: only abbreviations firmly established
in the field may be eligible. These keywords will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their
first mention there, as well as in the footnote. Ensure consistency of abbreviations throughout
the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references
and do not, therefore, include them on the title page, as a footnote to the title or otherwise. List
here those individuals who provided help during the research (e.g., providing language help,
writing assistance or proof reading the article, etc.).

Units

Follow internationally accepted rules and conventions: use the international system of units (SI).
If other units are mentioned, please give their equivalent in SI.

Math formulae

Present simple formulae in the line of normal text where possible and use the solidus (/) instead
of a horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be
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presented in italics. Powers of e are often more conveniently denoted by exp. Number
consecutively any equations that have to be displayed separately from the text (if referred to
explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this feature
may be used. Should this not be the case, indicate the position of footnotes in the text and
present the footnotes themselves separately at the end of the article. Do not include footnotes in
the Reference list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Artwork

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol, or

use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the printed version.

* Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given
here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,
Excel) then please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the
resolution requirements for line drawings, halftones, and line/halftone combinations given
below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of
1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a
minimum of 500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically
have a low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF),
or MS Office files) and with the correct resolution. If, together with your accepted article, you
submit usable color figures then Elsevier will ensure, at no additional charge, that these figures
will appear in color on the Web (e.g., ScienceDirect and other sites) regardless of whether or not
these illustrations are reproduced in color in the printed version. For color reproduction in
print, you will receive information regarding the costs from Elsevier after receipt of your
accepted article. Please indicate your preference for color: in print or on the Web only. For
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further information on the preparation of electronic artwork, please see
http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by converting color figures to
'gray scale' (for the printed version should you not opt for color in print) please submit in
addition usable black and white versions of all the color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure.
A caption should comprise a brief title (not on the figure itself) and a description of the
illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and
abbreviations used. Note that the maximum number of figures allowed for Original article, case
study, and review papers is 6. Multiple figures can be expressed as one figure (for e.g. 1a, 1b, 1c
etc...), while retaining the maximum limit of 6.The Journal discourages publication of simple
one line graphs/figures, pattern figures, conventional spectra (X-ray, FTIR, UV, NMR, etc) and
SEM photographs of a routine nature.

Tables

Number tables consecutively in accordance with their appearance in the text. Place footnotes to
tables below the table body and indicate them with superscript lowercase letters. Avoid vertical
rules. Be sparing in the use of tables and ensure that the data presented in tables do not duplicate
results described elsewhere in the article. Note that the maximum number of figures allowed for
Original article, case study, and review papers is 6. The Journal discourages publication of
simple one

parameter tables; such information should be preferably described in the text itself.

References

Maximum 20, 35 and 75 references for short communication, original research paper/case study
and review papers, respectively.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and
personal communications are not recommended in the reference list, but may be mentioned in
the text. If these references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the publication date with
either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press'
implies that the item has been accepted for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed.
Any further information, if known (DOI, author names, dates, reference to a source publication,
etc.), should also be given. Web references can be listed separately (e.g., after the reference list)
under a different heading if desired, or can be included in the reference list.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any citations
in the text) to other articles in the same Special Issue.

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al." and the year of publication.
Citations may be made directly (or parenthetically).

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al.
(2010) have recently shown ...."

List: References should be arranged first alphabetically, THEN NUMBERED
NUMERICALLY, and then further sorted chronologically if necessary. More than one
reference from the same author(s) in the same year must be identified by the letters 'a’, 'b', 'c',
etc., placed after the year of publication.

Examples:
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Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J.
Sci. Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.
Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in:
Jones, B.S,,

Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281—
304.

References in the list should be placed first alphabetically, then numbered chronologically.

1. Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in:
Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New
York, pp. 281-304.

2. Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

3. Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article.
J. Sci. Commun. 163, 51-59.

4.

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word Abbreviations:
http://www.issn.org/services/online-services/access-to-the-ltwa/.

Video data

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article
are strongly encouraged to include links to these within the body of the article. This can be done
in the same way as a figure or table by referring to the video or animation content and noting in
the body text where it should be placed. All submitted files should be properly labeled so that
they directly

relate to the video file's content. In order to ensure that your video or animation material is
directly usable, please provide the files in one of our recommended file formats with a preferred
maximum size of 50 MB. Video and animation files supplied will be published online in the
electronic version of your article in Elsevier Web products, including ScienceDirect:
http://www.sciencedirect.com.

Please supply 'stills' with your files: you can choose any frame from the video or animation or
make a separate image. These will be used instead of standard icons and will personalize the
link to your video data. For more detailed instructions please visit our video instruction pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be
embedded in the print version of the journal, please provide text for both the electronic and the
print version for the portions of the article that refer to this content.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published
article.

AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own
words and to help readers understand what the paper is about. More information and examples
are available at http://www.elsevier.com/audioslides. Authors of this journal will automatically
receive an invitation e-mail to create an AudioSlides presentation after acceptance of their
paper.

Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your scientific
research.

Supplementary files offer the author additional possibilities to publish supporting applications,
highresolution images, background datasets, sound clips and more. Supplementary files
supplied will be published online alongside the electronic version of your article in Elsevier
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Web products, including ScienceDirect: http://www.sciencedirect.com. In order to ensure that
your submitted material is

directly usable, please provide the data in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and supply a concise and
descriptive caption for each file. For more detailed instructions please visit our artwork
instruction pages at http://www.elsevier.com/artworkinstructions.

During the upload process, please select the option "Electronic Annex™ from the drop-down
menu for supplementary files Since supplementary files will be published only as an electronic
annex to the online article, and not in the print version, such material should not be referred to
directly in the text. However, it may be mentioned in a sentence following the conclusion.
Submission checklist

The following list will be useful during the final checking of an article prior to sending it to the
journal for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

* Full postal address

* Phone numbers

All necessary files have been uploaded, and contain:

» Keywords

* All figure captions

+ All tables (including title, description, footnotes)

Further considerations

» Manuscript has been 'spell-checked' and ‘grammar-checked'

* References are in the correct format for this journal

» All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including
the Web)

* Color figures are clearly marked as being intended for color reproduction on the Web (free of
charge)

and in print, or to be reproduced in color on the Web (free of charge) and in black-and-white in
print

« If only color on the Web is required, black-and-white versions of the figures are also supplied
for

printing purposes

For any further information please visit our customer support site at http://support.elsevier.com.
AFTER ACCEPTANCE

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The
DOl consists of a unique alpha-numeric character string which is assigned to a document by the
publisher upon the initial electronic publication. The assigned DOI never changes. Therefore, it
is an ideal medium for citing a document, particularly 'Articles in press' because they have not
yet received their

full bibliographic information. Example of a correctly given DOI (in URL format; here an
article in the journal Physics Letters B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to
change.

Publication of Articles

After acceptance the Journal will publish articles quickly both online and in print. Requests for
delayed publication of the accepted articles are generally not acceptable.

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system,
allowing annotation and correction of proofs online. The environment is similar to MS Word: in
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addition to editing text, you can also comment on figures/tables and answer questions from the
Copy Editor.

Web-based proofing provides a faster and less error-prone process by allowing you to directly
type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in the e-mail we send to authors, including alternative
methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately - please
upload all of your corrections within 48 hours. It is important to ensure that all corrections are
sent back to us in one communication. Please check carefully before replying, as inclusion of
any subsequent corrections cannot be guaranteed. Proofreading is solely your responsibility.
Note that Elsevier may proceed with the publication of your article if no response is received.
Offprints

The corresponding author, at no cost, will be provided with a PDF file of the article via email
(the PDF file is a watermarked version of the published article and includes a cover sheet with
the journal cover image and a disclaimer outlining the terms and conditions of use). For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once

the article is accepted for publication. Both corresponding and co-authors may order offprints at
any time via Elsevier's WebShop (http://webshop.elsevier.com/myarticleservices/offprints).
Authors requiring printed copies of multiple articles may use Elsevier WebShop's

'Create Your Own Book' service to collate multiple articles within a single cover
(http://webshop.elsevier.com/myarticleservices/offprints/myarticlesservices/booklets).
AUTHOR INQUIRIES

For inquiries relating to the submission of articles (including electronic submission) please visit
this journal's homepage. For detailed instructions on the preparation of electronic artwork,
please visit http://www.elsevier.com/artworkinstructions. Contact details for questions arising
after acceptance of an article, especially those relating to proofs, will be provided by the
publisher.

You can track accepted articles at http://www.elsevier.com/trackarticle. You can also check our
Author FAQs at http://www:.elsevier.com/authorFAQ and/or contact Customer Support via
http://support.elsevier.com.

180





