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RESUMO

A busca por alternativas que possam suprir a demanda de o6leos vegetais esta recebendo
consideravel aten¢cdo dos pesquisadores. Esta premissa associada a utilizagdo de residuos do
setor agricola tem sido considerada, pois a necessidade de proteger o meio ambiente sdo
questdes que tem fortalecido a pratica da sustentabilidade no ambito industrial. Em vista
disso, a presente pesquisa buscou contemplar trés objetivos principais: (i) avaliar a
possibilidade de utilizagdo das cascas de arroz oriundas do beneficiamento de arroz no Estado
de Roraima em escala industrial, (ii) estabelecer condigdes 6timas de utilizagao das cascas de
arroz para a obtencdo de acucares fermentaveis e (iii) avaliar o potencial de produgdo de o6leo
microbiano por leveduras selvagens isoladas de solos roraimenses. Para isto, inicialmente foi
realizada uma pesquisa qualiquantitativa referente a produgdo e o beneficiamento do arroz em
Roraima, em seguida, as cascas cedidas por quatro beneficiadoras localizadas no Distrito
Industrial da cidade de Boa Vista/RR foram testadas por hidrolise 4cida e enzimatica, por
meio de delineamento experimental. E por fim, as leveduras foram testadas quanto ao
acumulo de lipidios intracelular em meio convencional e em meio alternativo utilizando os
hidrolisados obtidos em condicdes acidas e enzimaticas, em testes independentes, e assim,
avaliada a composicdo de acidos graxos presentes para indicar o potencial de utilizagdo dos
6leos produzidos pelos microrganismos. Todos os testes laboratoriais foram realizados em
triplicata e submetidos a analise estatistica. Os resultados indicam que o volume de cascas
gerados no beneficiamento do arroz em Roraima pode ser utilizado no desenvolvimento de
produtos em escala industrial, agregando assim valor ao residuo. Foi possivel estabelecer
protocolos para a utilizagdo das cascas para fins fermentativos, em especial, na area da
Microbiologia. Em condigdes convencionais, as leveduras de linhagens selvagens do género
Yarrowia acumularam lipidios intracelulares com rendimento semelhantes ao rendimento
lipidico de leveduras oleaginosas. Uma cepa da espécie Rhodotorula mucilaginosa produziu
acido araquidonico (C20:4), um acido graxo de interesse médico, utilizando protocolos ndo
otimizados. Em condi¢des alternativas, a utilizagdo do hidrolisado enzimatico da casca de
arroz como substrato apresentou resultados proximos ao uso da glicose. Concluiu-se que,
novas linhagens de leveduras apresentaram a capacidade em produzir quantidades
consideraveis de lipideos, com composicdo de 4cidos graxos aplicdveis a produgdo de
biodiesel, industria médica e cosmética, e que Roraima possui potencial para o
desenvolvimento de produtos fabricados com residuos da rizicultura.

Palavras-chave: Acidos graxos. Beneficiadoras. Lipidios microbianos. Residuos soélidos.
Roraima.



ABSTRACT

The search for alternatives that can meet the demand for vegetable oils is receiving
considerable attention from scientists. This premise associated with the use of waste from the
agricultural sector has been considered, as the needs to protect the environment are issues that
have strengthened the practice of sustainability in the industrial sphere. In view of this, the
present research aimed to address three main objectives: (i) to evaluate the possibility of using
rice husks from rice processing in the state of Roraima on an industrial scale, (ii) to establish
optimal conditions for the use of rice husks to obtain fermentable sugars and (iii) to evaluate
the potential of microbial oil production by wild yeasts isolated from roraimensi soils. To this
end, a qualitative and quantitative research was initially conducted regarding rice production
and processing in Roraima, and then the husks provided by four processors located in the
Industrial District of Boa Vista/RR were tested by acid and enzymatic hydrolysis by
experimental design. Finally, the yeasts were tested for intracellular lipid accumulation in
conventional and alternative media using hydrolysates obtained in acidic and enzymatic
conditions, in independent tests, and thus evaluated the composition of fatty acids present to
indicate the potential of use of oils produced by microorganisms. All laboratory tests were
performed in triplicate and subjected to statistical analysis. The results indicate that the
volume of husks generated in rice processing in Roraima can be used in the development of
industrial scale products, thus adding value to the residue. It was possible to establish
protocols for the use of peels for fermentative purposes, especially in the area of
microbiology. Under conventional conditions, yeasts from wild strains of genus Yarrowia
accumulated intracellular lipids with yield similar to the lipid yield of oil yeasts. One strain of
Rhodotorula mucilaginosa produced arachidonic acid (C20:4), a fatty acid of medical interest,
using non-optimized protocols. Under alternative conditions, the use of rice husk enzymatic
hydrolyzate as substrate showed results close to the use of glucose. It was concluded that new
yeast strains showed the ability to produce considerable amounts of lipids, with fatty acid
composition applicable to biodiesel production, medical and cosmetic industry, and that
Roraima has potential for the development of products made with rice residues.

Keywords: Fatty acids. Beneficiaries. Microbial lipids. Solid waste. Roraima.
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1 INTRODUCAO

O rapido e intenso desenvolvimento da tecnologia tem possibilitado a expansdo dos
processos biotecnoldgicos industriais, o que tem favorecido o aumento de pesquisas, que
visem obter metabolitos que beneficiem os seres humanos. Essas pesquisas ganham destaque
pela relevancia tanto do ponto de vista social como também ambiental, pois representam a
possibilidade de uso de recursos naturais renovaveis, bem como, a obtencdo de um grande
numero de compostos de interesse industrial nesses processos. Destacam-se nessas pesquisas,
os microrganismos que, além das diversas vantagens para andlises in vitro, possuem varias
possibilidades de replicagdo em escala industrial, o que os tornam interessantes para o
mercado.

Desde as civilizagdes mais antigas, a levedura Saccharomyces cerevisiae € o
microrganismo mais estudado, principalmente por sua utilizacdo na preparacdo de paes e
bebidas. No entanto, aos poucos, a aten¢do vem sendo direcionada para as demais espécies
desse grupo. Atualmente, as leveduras sao utilizadas nos mais diversos segmentos industriais,
tais como os téxteis, farmacéutico, quimico, de alimentos, petroquimica, entre outras. A
capacidade das leveduras produzirem enzimas tem sido investigada incansavelmente nesses
organismos, mas recentemente a acumulacdo de lipideos também tem despertado grande
atengdo pelos microbiologistas.

Nesse sentido, entram em cena os Oleos microbianos ou SCOs, sigla que inglés
significa single cell oils. O emprego desses Oleos visa diminuir a competi¢do da industria de
alimentos com a oleoquimica, e de biocombustiveis. Para a industria, eles apresentam diversas
vantagens tais como perfis semelhantes aos 6leos comercializados, facilidade em replicacio
de forma controlada, e a reducao dos impactos ambientais causados pelas extensas plantacdes
de graos com a finalidade de obtencdo de 6leos vegetais.

Pelo fato de o estado de Roraima possuir riquezas naturais ainda longe de serem
totalmente exploradas, principalmente pelos microbiologistas, ha necessidade de aprofundar o
conhecimento sobre o estudo dos 6leos microbianos, e nesse caso, das leveduras ocorrentes e
a capacidade destas em produzir 6leos com caracteristicas compativeis aos que as industrias
utilizam. Isso agregarda mais dados ao perfil do potencial biotecnologico desses
microrganismos.

Outra realidade ¢ o acumulo de lixo e a falta de planejamento na gestdo desses

residuos, que embora discutida em conferéncias internacionais, estdo longe de serem
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solucionados. A casca de arroz que esta entre os maiores residuos agroindustriais produzidos
no planeta, e que tem como principal forma de descarte, a queima, configura-se como um dos
residuos mais gerados no Estado de Roraima pelo fato de haver produ¢do o ano inteiro, e
consequentemente, geracao de subprodutos, dentre estes a casca de arroz.

A busca por uma alternativa para a utiliza¢ao desse residuo industrial, a partir do seu
emprego como fonte de carbono para as leveduras oleaginosas foi uma das propostas da
presente pesquisa, para desta forma, eliminar o residuo gerado pelo beneficiamento de arroz, a
casca; e fabricar produtos com valor agregado, neste caso, o 6leo microbiano. Além disso,
levando em consideragdo que boa parte das pesquisas tém se concentrado nas regides sul e
sudeste, e que nenhum microrganismo e substrato local tenham sido testados nesta linha, a
presente pesquisa foi pioneira em Roraima. Assim, o trabalho teve duas perguntas
norteadoras: Existem leveduras oleaginosas na Colecdo de Culturas do PRONAT/UFRR?
Cascas de arroz podem ser utilizadas como fontes de carbono na Biotecnologia?

A pesquisa teve como objetivo geral utilizar casca de arroz na producdo de oleo
microbiano a partir de leveduras amazonicas oleaginosas, tendo como objetivos especificos:
levantar informagdes sobre a producgdo de arroz irrigado e descarte dos residuos gerados em
Roraima; obter aglicares fermentaveis por meio da hidrélise das cascas de arroz; avaliar a
capacidade de acumulacao de lipideos por leveduras depositadas na Cole¢ao do Laboratorio
de Microbiologia do PRONAT-UFRR; determinar a biomassa, o rendimento lipidico e o teor
lipidico dos 6leos produzidos por meio convencional; testar a capacidade de producdo de 6leo
microbiano utilizando casca de arroz hidrolisada como fonte de carbono; determinar a
biomassa, o rendimento lipidico e o teor lipidico produzidos por casca de arroz hidrolisada
como fonte de carbono; e, caracterizar os 4cidos graxos presentes nos 0leos extraidos

De acordo com as “Normas para apresentacdo de trabalhos técnico-cientificos da
UFRR, aprovado pela Resolucao n°08/2017-CEPE/UFRR, que permite a estruturagdo de tese
utilizando artigos cientificos, esta Tese foi construida em trés artigos, os quais estao dispostos
de forma ordenada, seguindo os objetivos, para uma melhor compreensdo dos temas que vao
ser abordados ao longo da mesma. No primeiro artigo, apresenta-se a avaliacdo da
necessidade de buscar novas alternativas para a utilizagdo das cascas de arroz, onde, por meio
de analise documental e visitas técnicas, foi realizada uma estimativa de geragcdo de residuos
agroindustriais e forma de descarte do mesmo na cidade de Boa Vista/RR. Este artigo foi
encaminhado a Revista Ibero-americana de Ciéncias Ambientais (RICA), que possui Qualis
BI.

No segundo artigo, encontra-se consolidado o protocolo para obtencdo do mosto com
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a concentragdo de acucares ideal para a fermentagdo de leveduras. Foram testadas a hidrdlise
acida e a hidrolise enzimatica das cascas de arroz, utilizando o amido residual do processo de
descasque como fonte de carbono. Este artigo foi encaminhado a Revista Biocatalysis and
Agricultural Biotechnology, que possui Qualis A2.

O terceiro artigo discorre sobre as leveduras oleaginosas e a necessidade de
aperfeigoar a producdo do 6leo microbiano para que possa concorrer com os demais 6leos
comercializados, para isso, incluindo os residuos agroindustriais no processo de fermentacao.
Além disso, neste artigo foram selecionadas as leveduras oleaginosas € um protocolo de
produgdo 6tima para cada cepa testada. Este artigo foi encaminhado a Revista Biotechnology

Advances, que possui Qualis Al.



2 ARTIGO 1: Rizicultura em Roraima e o gerenciamento dos residuos

Autores: Andreia da Silva Alencar
Lindemberg de Matos Galvao
Marcos José Salgado Vital
Adriana Flach

15
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RIZICULTURA EM RORAIMA E O GERENCIAMENTO DOS RESIDUOS

Resumo

O Brasil permanece se destacando mundialmente na producdo de arroz em casca. No entanto, vale
destacar que durante o processo de beneficiamento, ocorre a geragao de alguns residuos, dentre estes, a
casca do arroz, que representa aproximadamente 20% do total do arroz em casca produzido. Portanto, o
objetivo desse estudo é identificar a producdo de arroz irrigado e a destinagdo dos residuos provenientes
do processo de beneficiamento de arroz em Boa Vista, capital do Estado de Roraima. Por meio de uma
metodologia qualiquantitativa, com visitas as beneficiadoras e pesquisa documental, foi possivel realizar a
atualizacdo dos dados de producdo e identificar a destinacdo da casca de arroz em trés beneficiadoras
situadas no municipio. Desse modo, observou-se que, em geral, as empresas incineram as cascas de arroz
resultantes do processo de beneficiamento, utilizando como combustivel para a etapa da secagem do
arroz, além de venderem a terceiros para ser utilizado em trabalhos pastoris e o excedente é descartado no
aterro sanitario. Sendo assim, faz-se necessdrio buscar outras destinacGes que sejam economicamente
vidveis e ambientalmente sauddveis para o aproveitamento deste residuo, os quais possuem um grande
potencial no setor industrial, tornando o ciclo do arroz em Roraima menos poluente, efetivamente
sustentavel e ainda mais rentdvel, agregando um maior valor ao produto.

Palavras - chave: Arroz irrigado. Cascas de arroz. Beneficiadoras. Briquete. Boa Vista.

INTRODUCAO

Um dos principais produtos agricolas de Roraima, o arroz é considerado um dos alimentos mais
cultivados e consumidos no mundo. O plantio do arroz esta presente em mais de 100 paises e atende as
necessidades de consumo de, aproximadamente, dois tercos da populacdio mundial. O setor tem
participado de forma crescente na composicdo do Produto Interno Bruto (PIB), do pais e das regides
produtoras, como é o caso de Roraima. A producdo de arroz no Estado até a década de 1980 era
tipicamente de sequeiro (lavrado); a mudanca para plantio irrigado visou eliminar os efeitos da estiagem no
ciclo de produgdo no modelo anterior e para conter pragas e doencas que geravam perdas significativas na
producdo do arroz. Desde entdo, predomina o plantio irrigado em varzeas, com técnicas e tecnologias
usadas pelos Estados produtores do sul do pais (FEITOSA et al., 2016).

Cordeiro et al. (2010) relatam que o cultivo de arroz no Estado é realizado duas vezes ao ano, 70%
no periodo seco (setembro a mar¢o) e o restante no periodo chuvoso (abril a agosto). O sistema de
producdo é desenvolvido por cerca de 20 produtores que cultivam em média 600 hectares/ano, sendo as
maiores lavouras com dreas acima de 1.000 hectares/ano. Apesar de tamanha importdncia e de ser
considerada uma das principais atividades agricolas, poucas sdo as publicagdes com relato histérico e
analise do cultivo do arroz em Roraima.

Quando se fala na franca expansdo das atividades econdmicas dos ultimos anos, ocorre um grande
debate sobre os impactos causados ao meio ambiente. Isto porque ndo ha como se preocupar com a
necessidade de introduzir a sustentabilidade neste contexto, haja vista que tudo que é produzido foca ao

consumo e, por conseguinte, gera a eliminacdo da producdo que sobra e a transformacdo desta nos mais
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diversos tipos de residuos sélidos (COSTA, 2015). Desta forma, com o crescimento da populagdo mundial
verifica-se uma maior demanda de alimentos, e conseqiientemente sdo geradas grandes quantidades de
residuos agricolas, que normalmente s3o jogados em rios ou langados em depdsitos a céu aberto,
acarretando em contaminacdo do meio ambiente e prejuizos a saude humana, principalmente quando tais
residuos sdo depositados em areas urbanas (CORDEIRO et al., 2007).

A casca de arroz entra neste cendrio por ser um dos residuos agroindustriais mais abundantes, pelo
elevado volume gerado e por sua baixa densidade. E dentre os principais cereais, € o que produz maior
percentual de cinzas, seguido por bagaco de cana-de-aglcar, palha de arroz, folha de milho e folhas de
sorgo (MEHTA, 1992). Além disso, quando descartada de forma inadequada, o acimulo de camadas de
casca desencadeia um processo de decomposicdo anaerdbica, produzindo gases poluentes como o metano
e o oxido nitroso, que sdo danosos a camada de ozbnio. J4 as cinzas, por possuirem uma elevada
guantidade de carbono residual, quando descartadas diretamente sob o solo sdao altamente poluentes, e
em contato com os lengéis freaticos. Outro maleficio causado pelas cinzas é a doenca silicose que ataca os
pulmdes ao inalar com certa freqiiéncia este residuo (COSTENARO et al., 2003; FOLETTO et al., 2005).

A NBR 10004 (ABNT, 2004) conceitua residuos solidos como residuos nos estados solido e semissoli-
do, que resultam de atividades de origem industrial, doméstica, hospitalar, comercial, agricola, de servicos
e de varricdo. A Lei n. 12.305/2010 determina que a gestdo e gerenciamento de residuos sdlidos sdo de res-
ponsabilidade do poder publico municipal e prescreve san¢Ges em caso de descumprimento (BRASIL, 2010).
Nesse sentido, dentre os diversos problemas locais com residuos sdlidos, cumpre destacar o mais atual que
a capital vem enfrentando: a questdo do despejo dos residuos sélidos no aterro sanitario que ja se encontra
saturado e ocasiona danos ambientais, que podem ocasionar diversos tipos de doengas por ser préximo a
habita¢Oes urbanas (COSTA, 2015).

Além disso, o aterro sanitario municipal construido em 2002 estd a menos de cento e cinquenta
metros das margens do Igarapé Wai Grande, afluente do Rio Branco, principal rio do Estado, e que
apresenta exaustdo e saturacdo de residuos sdélidos tais como: residuos domésticos, entulhos de construcdo
civil, galhadas. Estes estdo dispostos de forma inadequada em toda a area do aterro, propiciando diversos
impactos ambientais no solo, ar e lencol fredtico (FALCAO et al., 2012).

Com base nisso, hd uma preocupacao com os residuos gerados durante o beneficiamento do arroz
que, neste caso, por ser um volume exorbitante, tenderia a aumentar o problema, caso as empresas ndo
buscassem novas formas de reaproveitar as cascas de arroz. A Lei n° 416/2004, em seu artigo 90, prevé que
as empresas instaladas e que venham se instalar no Estado sdo responsaveis pelo acondicionamento,
armazenamento, coleta, transporte, transferéncia, tratamento e disposicao final de seus residuos, sendo
passiveis de responsabilidade ao dano causado ao meio ambiente, incluindo no processo de dano

ambiental, os transportadores e receptores dos residuos (RORAIMA, 2004).
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Nesse sentido, pretendeu-se levantar informagdes sobre a producdo de arroz irrigado e descarte
dos residuos gerados em Roraima, buscando novas formas de utilizacdo para o material lignocelulésico, a

fim de agregar valor e reduzir danos ambientais.

MATERIAL E METODOS

Segundo Gil (2010), a metodologia das pesquisas cientificas pode ser classificada e definida
conforme sua abordagem, finalidade e procedimentos técnicos empregados, sendo divida em qualitativa e
guantitativa. Dentre as metodologias de pesquisa que apresentam abordagem qualitativa, o estudo de
caso, a etnografia e a pesquisa documental configuram-se como aqueles comumente utilizados, apesar de
sua flexibilidade ndo excluirem outras possibilidades de estratégias (GODQY, 1995). Enquanto que na
pesquisa quantitativa, a coleta de dados é realizada através de questiondrios que apresentam varidveis
distintas, cujas andlises sdo geralmente apresentadas através de tabelas e graficos (FACHIN, 2006).

Desta forma, o presente estudo foi realizado na cidade de Boa Vista, capital do Estado de Roraima,
assumindo uma definicdo qualiquantitativa, pois apesar de ndo empregar ferramental estatistico para a
andlise do problema, utilizou-se de quantificagGes e percentuais para tanto, fazendo uso também da
observacdo e da descricdo do objeto de estudo. A fragdo qualitativa foi do tipo descritiva e exploratéria,
visando descrever a producdo de arroz e a forma de descarte dos residuos produzidos pelas beneficiadoras,
para assim, observar e analisar os dados, sem nenhuma interferéncia do pesquisador.

Quanto aos procedimentos técnicos, esta pesquisa classifica-se como documental e observacional
realizada por visitas técnicas as beneficiadoras, a associacdo dos arrozeiros, a EMBRAPA/RR e a ADERR.
Segundo Andrade (2009), pesquisa descritiva é aquela pesquisa em que os fenémenos/dados sdo
estudados sem serem manipulados pelo pesquisador; e exploratéria é aquela que proporcionar maiores

informacGes sobre determinado assunto ainda pouco abordado.

RESULTADOS
PRODUCAO DE ARROZ IRRIGADO EM RORAIMA
A Tabela 1 apresenta os dados nacionais de area colhida, produgdo de arroz e a produtividade de
arroz irrigado de 2015 a 2018, e uma estimativa até agosto de 2019 (CONAB, 2018). Excluindo os dados de
estimativa, nos ultimos trés anos tabulados, Roraima teve uma média de 11.100 hectares de area colhida,
com produc3o de 78.100 toneladas de arroz em casca e produtividade de 7.058,3 Kg.ha™ (CONAB, 2018).
Desta forma, em producdo (Area x Produtividade), Roraima é o quarto maior produtor de arroz
irrigado (em varzeas), devido a area plantada ser de apenas 10.000 ha (em média), perdendo apenas para
Rio Grande do Sul, Santa Catarina e Tocantins. No entanto, em produtividade (kg produzidos por ha),
Roraima é o terceiro, ficando atrds apenas de Rio Grande do Sul e Santa Catarina. Estes dados tornam a

geracdo dos residuos bem como sua forma de descarte fatores passiveis de andlise cientifica.
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j AREA (ha) PRODUTIVIDADE (t/ha) PRODUCAO (t)
REGIAO/UF 2015/16 2016/17 2017/18 2018/19 (") 2015/16 2016/17 2017/18 2018/19(") 2015/16 2016/17 2017/18 2018/19 ()
NORTE 110.6 1224  124.7 122.9 5799 5970 5,478 5,637 6413  730.7  683.1 692.9
RR 8.6 12.3 12.3 10.4 7,023 7,077 7,075 7,075 60.4 87.0 87.0 73.6
PA 4.9 5.1 5.6 5.6 4,000 4,433 3,446 4,733 19.6 22.6 19.3 26.5
TO 97.1 105.0  106.8 .106.9 5781 5915 5,401 5,545 561.3 621.1  576.8 592.8
NORDESTE 17.1 15.9 21.2 15.1 5260 5,732 5,697 5,614 90.1 91.1 114.0 84.8
MA 1.8 1.4 3.8 2.5 3,700 5,020 4,500 4,833 6.7 7.0 17.1 12.1
PI 5.9 5.2 5.3 4.7 4212 4,453 4,478 4,478 24.9 23.2 23.7 21.0
CE - 0.6 0.1 0.4 - 5900 5,500 6,440 - 3.5 0.6 2.6
RN 1.0 1.0 1.1 0.8 2,931 3,766 3,945 3,354 2.9 3.8 43 2.7
PE 0.3 0.2 0.4 0.4 4,500 4,000 5,259 8,150 1.4 0.8 2.1 3.3
AL 3.0 2.8 5.8 2.4 5720 6,220 6,500 6,090 17.2 17.4 37.7 14.6
SE 5.1 4.7 4.0 3.9 7,255 7,540 7,125 7,310 37.0 35.4 28.5 28.5
CENTRO-
OESTE 16.0 41.3 35.0 35.0 4,753 5532 5,489 5,229 76.0 228.5 192.1 183.0
MT 2.0 10.9 5.8 7.7 4,000 3,815 3,659 2,772 8.0 41.6 21.2 21.3
MS 14.0 15.5 14.3 10.7 4,860 6,000 5,700 5,800 68.0 93.0 81.5 62.1
GO - 14.9 14.9 16.6 - 6,300 6,000 6,000 - 93.9 89.4 99.6
SUDESTE 13.9 9.0 8.9 8.3 3,399 4,429 4,501 5,669 47.3 39.9 40.1 47.1
MG 5.5 1.3 1.3 0.9 2,580 6,043 5,577 6,631 14.2 7.9 7.3 6.0
SP 8.4 7.7 7.6 7.4 3,935 4,157 4,317 5,552 33.1 32.0 32.8 41.1
SuL 1,242.7 1,267.9 1,2440 1,165.8 6,853 7,893 7,827 7,391 8,515.7 10,0069 9,736.4  8,616.2
PR 19.3 19.8 19.7 20.2 5533 7,704 6,324 6,737 106.8 152.5 124.6 136.1
sC 1474 1474  146.7 144.5 7,139 7,638 7,850 7,550 1,052.3 1,125.8 1,151.6  1,091.0
RS 1,076.0 1,100.7 1,077.6 .1,001.1 6837 7,930 7,851 7381 753566 87286 84602  7,389.1

(") Estimativa em agosto/2019.

Fonte: Conab (2018)
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AGROINDUSTRIAS DE ARROZ IRRIGADO E O BENEFICIAMENTO DO ARROZ EM RORAIMA

A Tabela 2 apresenta o nome fantasia das empresas registradas como beneficiadoras, marcas
comercializadas pelas respectivas empresas e o tipo de grdo vendido, conforme dados obtidos pela Agéncia
de Defesa Agropecudria do Estado de Roraima. S3o seis beneficiadoras, as principais beneficiadoras, em um

total de 18 marcas comercializadas dos tipos 1 e 3, além de marcas fora de Tipo.

Tabela 2. Beneficiadoras registradas na Agéncia de Defesa Agropecuaria do Estado de Roraima.

BENEFICIADORA MARCA TIPO
Faccio Tipo 1
1 Faccio Alimentos LTDA Integral Tipo 1
Dona Elly Fora de Tipo
. Prato Chic Tipo 1
2 G Faccio Safrinha Fora de Tipo
Tropical Tipo 1
3 Casarin e Ferrari LTDA Do Norte Fora de Tipo
Rio Branco Fora de Tipo
Itikawa Gold Tipo 1
. Integral Tipo 1
4 Itikawa Ind. e Com. LTDA . .
Oriental Tipo 1
Mais Sabor Fora de Tipo
5 M. H. Ferronatto cia LTDA Tia Maria Tipol
Garimpeiro Tipo 3
Tio Ivo Tipo 1
6 Ivo Barili Ind. e Com. LTDA Integral Tipol
Macuxi Tipo 3
Popular Fora de Tipo

Das seis beneficiadoras, apenas trés aceitaram receber a visita técnica e ceder os dados necessarios
ao desenvolvimento da presente pesquisa: Itikawa Ind. e Com. LTDA, Ivo Barili Ind. e Com. LTDA, e M. H.
Ferronatto cia LTDA. A Tabela 3 dispGe dos dados obtidos na visita técnica e analise documental realizada
nas beneficiadoras. Pode-se notar que com a demarca¢do da Raposa Serra do Sol e a retirada dos
arrozeiros, houve uma migracdo dos fazendeiros para areas vizinhas ao municipio de Pacaraima, além do
estabelecimento de fazendeiros na Guyana Inglesa, pais vizinho as areas de plantio. As beneficiadoras
visitadas servem a quatro arrozeiros, beneficiando em torno de 13.000 toneladas de arroz sem casca ao
ano proveniente de sete fazendas.

Na industria, o grdo passa por varias etapas até atingir as condi¢gdes necessdrias a comercializagao.
Inicialmente, o arroz é colhido no ponto ideal de colheita que é determinado basicamente pelo aspecto da
panicula, pela duragdo de estddios de desenvolvimento da cultura e pelo teor de umidade dos graos (entre
18% e 27%). Admite-se uma observacdo visual cuidadosa para determinar, com bastante precisdo, o
momento mais favordvel para a colheita. O maior rendimento é obtido quando, aproximadamente, dois
tercos superiores do raquis estdo amarelecidos, ocorrendo o curvamento da panicula (Figura 1A).

Chegando as beneficiadoras, o arroz é colocado em moegas onde ocorre a pré-limpeza, que é
realizada através de uma peneira, onde ocorre a retencdo das impurezas mais grosseiras como talos da

planta, pedras, terra, pedacos dos sacos de estopa que foram usados no transporte do grao, entre outros
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(Figura 1B). Na sequéncia, é realizada a secagem, onde se utilizam ar e calor em equilibrio para que os
graos estejam na umidade correta, finalizando o processo com a transferéncia dos graos para o silo de
espera, até que o arroz seja beneficiado (Figura 1C).

Figura 1. Inicio do beneficiamento do arroz. (A) arroz recém
chegado a beneficiadora. (B) entrada do arroz no sistema de
beneficiamento. (C) Fornos e Silos de espera.

Na etapa de beneficiamento propriamente dita, ocorre uma nova limpeza utilizando peneiras de
crivo menor para retirar algum material que ndo foi retido na pré-limpeza. Em seguida, ocorre o
descascamento do arroz, separando o arroz integral da casca. Para isso, utiliza-se um mecanismo que utiliza
dois roletes de borracha girando em dire¢des opostas e com velocidades diferentes. Neste momento que o
arroz integral é classificado em inteiro ou quebrado. Apds o descasque, o produto é encaminhado ao
brunidor de arroz, um equipamento que ira lixar o arroz utilizando um sistema de pedras abrasivas,
transformando-o de arroz em estado integral para arroz branco, através retirada do farelo.

Na etapa seguinte, o arroz é polido retirando o farelo que ainda permanece impregnando no grao,
e entdo, passado por duas peneiras: de marinheiro e de gesso, e uma selecionadora, onde ocorre a
classificacdo dos graos de arroz, separando os grdos inteiros que possuem valor comercial dos grdos
quebrados. Os subprodutos sdo separados em maior quantidade nesta etapa, sendo a quirera, o farelo de
arroz e o arroz quebrado, os mais abundantes. Por fim, os grdos sdo embalados, sdo montados fardos e,
entdo, encaminhados ao mercado local ou exportados. Os demais subprodutos e residuos sdo

armazenados nas beneficiadoras para comercializacao ou descarte.



Tabela 3. Dados de origem, produgao e destino dos residuos do arroz irrigado beneficiado em Roraima.

INFORMACOES

BENEFICIADORAS

A

B

Locais de origem dos graos

Amajari e Bonfim

Amajari, Bonfim e Normandia

Cantd e Guyana Inglesa

Quantidade de arrozeiros que
utilizam a beneficiadora

02

01

01

Quantidade média de arroz
beneficiado ao més

500 toneladas

504 toneladas

400 toneladas

Produtos e subprodutos gerados

Arroz integral
Arroz quebrado
Farelo de arroz
Quirera de arroz
Casca

e Arrozintegral
o Arroz%

e Xerem fino

e Xerem grosso
e Cuim

e (Casca

e Arrozintegral

o Arroz%
e Cuim

e Xerem
e (Casca

Destino das cascas de arroz

Aterro sanitario
Estdbulos de animais
Sitios

Fornalhas

e Fornalha (combustivel)
e Fornecimento das cinzas as
hortas e olarias

e Fornalhas
e Venda a terceiros

22
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DESTINO DOS RESIDUOS

Todas as beneficiadoras observadas utilizam as cascas nas fornalhas, como fonte de energia
(Figuras 2A). Uma das empresas otimizou o processo utilizando um equipamento que compacta o residuo e
o transforma em briquete, semelhante a pedagos de troncos de arvore, para posteriormente ser utilizada
nas fornalhas, no processo de secagem dos grao (Figuras 2B e 2C). No entanto, mesmo com a utilizagdo das
cascas como combustivel, as beneficiadoras ndo conseguem utilizar todo o residuo, necessitando dar

outros destinos para que nao fique acumulado na proépria beneficiadora (Figura 3).

Figura 2. Utilizagdo das cascas pelas beneficiadoras locais. (A) cascas utilizadas in natura nas fornalhas. (B) maquina
de fabricar briquete. (C) briquete.
A e — By e

A casca excedente é cedida para olarias ou para utilizacdo como adubo por hortas. Donos de

estabulos e sitios utilizam como cama para seus animais. Uma das beneficiadoras comercializam a
terceiros, outra transforma em cuim para que seja incluido na racdo de animais. O residuo que ndo tem
nenhum dos destinos anteriores é descartado no aterro sanitario.

As beneficiadoras visitadas geram, ao ano, cerca de 3.370 toneladas de cascas. Isso gera diversas
reflexdes sobre os efeitos que a deposicao incorreta deste subproduto pode ocasionar ao meio ambiente.
Em muitos lugares, os produtores tém pouco ou nenhum conhecimento dessas desvantagens. Cabe ao
pesquisador apontar a problematica e ir mais além, indicando medidas que consigam ser aceitas por essas

pessoas, e que beneficiem tanto ao meio ambiente como ao produtor/beneficiador. Estas alternativas, para
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serem adotadas rapidamente, devem ser economicamente vidveis e ambientalmente corretas, caso
contrario, ird estacionar na fase de planejamento.

Figura 3. Volume de cascas apos o beneficiamento.

INDICATIVOS DE UTILIZACAO

Na industria do arroz, a producdo de casca pode ser rentdvel para a industria, podendo ser
empregado em diversos setores, especialmente as cinzas, pelo alto teor de silica que apresenta. Desse
modo, o ideal tanto do ponto de vista econdmico quando ambiental é buscar uma forma de utilizar os
residuos de forma completa. Ferro et al. (2017) relatam que as cinzas das cascas de arroz, por possuir 96%
de diéxido de silicio, podem substituir o talco, como carga, na industria automotiva, mais especificamente
na fabricacdao de autopegas, o que pode contribuir para a diminuicdo de possiveis problemas ambientais.

Fonseca et al. (2016) ao avaliar a influéncia da concentracdo inicial da solugdo padrao, pH e tempo
de contato na adsor¢do de cromo hexavalente (Cr VI) pela casca de arroz, demonstraram que as solugdes
de pH 2 obtiveram as maiores quantidades adsorvidas, com remo¢dao maxima de 78,4% de cromo
hexavalente na solu¢do padrao de concentragdo de 1 ppm, apds uma hora de contato, podendo ser
utilizada na descontaminagdo da dgua por metais pesados.

Alves et al. (2018) verificaram a aplicagdo das cinzas das cascas de arroz na produgdo de argamassa.
Por meio de andlises dessa cinza, percebeu-se que ela é rica em silica e possivelmente pozolanica. A partir
disso, buscou-se incorpora-la em misturas de argamassa no lugar de fragdes massicas de cimento Portland
(5, 10, 15 e 20%) e comparar a resisténcia a compressdo das misturas fracionadas com a argamassa padrdo.
Foram realizados ensaios buscando caracterizar a cinza como material pozolanico e leve, como analise
microestrutural, de infravermelho, colorimétrica, densidade e granulometria. Posteriormente, foram
realizados ensaios de compressdao, de expansibilidade e de pasta normal para determinar as mudancas
obtidas ao incorpora-la ao cimento. Os ensaios mostraram uma menor expansibilidade com a adicdo de

cinza e um aumento na resisténcia a compressdo para composicdes em torno de 10% de massa.
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Outro emprego das cinzas é na producao do silicato de sédio, pois € um processo caro e requer alto
consumo energético, sendo fabricada a uma temperatura proxima de 1400 °C a partir de areia e carbonato
de sédio, gerando a emissdo de gases como diéxido de carbono, nitrogénio e enxofre. A cinza da casca de
arroz torna-se uma opc¢ao interessante para producao do silicato alternativo por possuir alto teor de silica
amorfa, podendo ser dissolvida em solugdo alcalina, o que é favorecido pelo fato da casca do arroz ser o
principal residuo vegetal na producdo de cinza quando realizado o processo de incineracdo. A silica amorfa
proveniente do residuo é dissolvida em uma solucdo alcalina, onde ocorre o aumento do teor de silica,
tornando-se uma solucdo altamente reativa, e quimicamente similar ao silicato de sédio comercial

(TCHAKOUTE, 2016).

DISCUSSAO

Feitosa et al. (2016) afirmam que Roraima que devido a demarcacdo de terras indigenas que
reduziu as areas de plantio do arroz, o Estado perdeu o segundo lugar de produtor nacional. No que tange a
produtividade, a posicdo de Roraima mostra-se promissora, pois segundo Saath et al. (2018), diante das
restricdes sobre a expansdo do uso de terra para uso agropecudrio no Brasil, a ampliacdo da produtividade
se apresenta como um caminho necessario para a ampliagdo da oferta. Sendo exatamente o crescimento
da produtividade que permitiu elevar a oferta acima da demanda mundial de alimentos no periodo pds-
revolucgdo tecnolégica no campo (FAO, 2013).

Ha dez anos, esses numeros eram superiores: faziam parte da Cadeia Produtiva, 14 agroindustrias
qgue comercializam 27 marcas de arroz (BRAGA et al., 2009). Isso mostra uma expressiva reducdo
ocasionada pela demarcagdo, o que levou os produtores a migrarem para outros espagos e recomegar,
muitas vezes, do zero e seguindo novas dinamicas de plantacdo, colheita e processamento. Nao foi possivel
verificar quais os subsidios ofertados pelo poder publico aos arrozeiros, tendo em vista, a importancia da
producdo do grdao em nivel nacional.

Na natureza, as cascas de arroz tém um lento processo de decomposi¢cdo natural, gerando um
grande impacto ao meio ambiente quando seu descarte é realizado sem nenhum planejamento, ainda mais
que as beneficiadoras, em sua maioria, estdo localizadas préximas aos centros urbanos, como no caso das
beneficiadoras desta pesquisa. De acordo com Walter et al. (2008), cerca de 20% de toda produgdo total de
arroz corresponde a sua casca. Considerando os dados de producdo de arroz em casca para Roraima nos
ultimos anos, que foi de 78.100 toneladas, em média, houve a geragdo de 15.620 toneladas de cascas, que
sem um destino ou descarte adequado, vira um residuo, poluindo o meio ambiente.

Lima et al. (2013) avaliando a concepgdes dos trabalhadores sobre o uso de agrotdxicos em
projetos de irrigacdo em Tocantins, demonstraram que ha uma dificuldade para a protecdo dos
ecossistemas naturais principalmente pelos diferentes entendimentos a respeito dos valores e da

importancia entre os individuos de culturas diferentes que desempenham fung¢ées distintas nos ambientes.
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Assim, os agricultores, de modo geral, adotam medidas de acordo com suas necessidades para
producdo e consequentemente geracdo de renda, sem ter a dimensdo da problemadtica. A busca por
alternativas que fagam com que cada producgado seja utilizada o maximo possivel, auxilia na minimiza¢do dos
impactos ocasionados pelo uso acentuado dessas substancias tdo nocivas. Haja em vista, que Tocantins é
um exemplo de grande produtor de arroz irrigado. Sendo assim, os indicativos de utilizacdo da cascas de
arroz que tratados neste trabalho sdo de grande importancia, tanto para producgdes industriais, quanto em

escala menor, por agricultores familiares.

CONSIDERAGOES FINAIS

Foi possivel verificar que a cadeia produtiva do arroz em Roraima permanece consolidada ao longo
dos anos, indo desde a producdo do grao, passando pelo beneficiamento até a completa distribuicdo do
produto final. O processo de beneficiamento é realizado de forma mecanizada na capital do Estado, com o
aproveitamento dos subprodutos e dos residuos. No entanto, o volume de cascas geradas ndo tem sido
totalmente utilizado, resultando no despejo em aterros e meio ambiente. O trabalho permitiu trazer novas
possibilidades de utilizacdo do residuo, ja empregada em outros locais, para que os agricultores locais
possam tornar o agronegdcio do arroz ainda mais sustentavel, fechando o ciclo de producdo de forma

correta, agregando valor ao residuo gerado e contribuindo para a qualidade ambiental.
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As normas de submissdo sdo requisitos basicos para aceitacdo de trabalhos a serem
publicados em qualquer uma das revistas da CBPC — Companhia Brasileira de Produ¢ao
Cientifica. Admitem-se dois tipos de trabalhos académicos: artigos ou notas cientificas. Para
cada um dos tipos de trabalhos admitidos os autores deveram observar requisitos de estrutura,
formatacao, citagcoes e referéncias.

Nao sdo aceitos autores que ndo tenham cadastro e curriculo ativo na Plataforma

Lattes (http://lattes.cnpg.br) do Conselho Nacional de Pesquisa do Brasil (CNPQ) ou no

ORCID (https://orcid.org/). Os pesquisadores brasileiros s6 poderdo receber bolsas de estudo
da CAPES e do CNPQ com estes cadastrados efetivados. O link para o LATTES deve ser

inserido no campo URL, e o link para o ORCID deve ser inserido no campo ORCID do
sistema de submissao.
1.1. ESTRUTURA
1.1.1. Secao Artigos

Na se¢do Artigos serdo publicados artigos originais ou de revisdo. Artigos originais
sdo aqueles que apresentam temas e abordagem originais, enquanto artigos de revisdo sao
aqueles que melhoram ou atualizam significativamente as informacdes de trabalhos
anteriormente publicados. A estrutura do artigo, entre 10 e 20 laudas', deve conter os
elementos pré-textuais, os textuais no formato IRMRDC (Introducdo, Revisdo, Metodologia,
Resultados, Discussdo e Conclusdes) para trabalhos com resultados de campo, ou IMDTC
(Introdugdo, Metodologia, Discussdo Teorica e Conclusdes) para pesquisas de revisdo tedrica
sem resultados de campo, e ainda os elementos pds-textuais, como segue:
Elementos pré-textuais: titulo, subtitulo (se houver), nome e biografia dos autores (apenas
no sistema, pois na fase de submissio, devem ser excluidos do arquivo em Word ou
Open Office), resumo, palavras-chave (3 a 5), tradugdo para o inglés do titulo, subtitulo,
resumo (abstract) e palavras-chave (keywords);
e Elementos textuais (IRMRDC) para pesquisas com resultado de campo:

1. Introdugdo: contextualizagdo historica, fundamentacdo e delimitagdo do assunto, objetivos
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e justificativas;

2. Revisdo teorica: parte opcional que deverd ser concisa e clara e pode ser dividida em
subsecdes ou capitulos;

3. Metodologia (ou materiais ¢ métodos): elaborada de forma que permita a replicabilidade
da pesquisa;

4. Resultados: preferencialmente usando figuras, graficos, tabelas, quadros, claros e legiveis,
para proporcionar posterior discussdo e comparacao com outras pesquisas;

" Os editores poderdo admitir trabalhos maiores que 20 laudas, a critério da necessidade de
publicacdo do mesmo.

5. Discussdo: explicagdo ou comparacao dos resultados, no mesmo trabalho ou com outras
pesquisas semelhantes;

6. Conclusdes: opinido ou reflexdo pessoal sobre o assunto, bem como proposituras de cunho
cientifico.

e Elementos textuais (IMDTC) para pesquisas de revisio tedrica sem resultados de
campo:

1. Introducdo: contextualizacdo histérica, fundamentagdo e delimitacdo do assunto, objetivos
e justificativas;

2. Metodologia (ou materiais ¢ métodos): elaborada de forma que permita a replicabilidade
da pesquisa;

3. Discussao Teorica: explicagdes ou comparagdes resultantes da discussao teorica, dividida
em subsecdes ou capitulos;

Conclusdes: opinido ou reflexdo pessoal sobre o assunto, bem como proposituras de cunho
cientifico.

o Elementos pés-textuais: referéncias (ver item 9).

O manuscrito deve ser iniciado com o Titulo, que deve ser conciso e informativo, com
no maximo 15 palavras, todo em maiusculas, negrito e centralizado. Os subtitulos incluidos
no texto devem ser em maiusculas, nao numerados e alinhados a esquerda. Nao deverdo ser
colocados os dados dos autores para preservar o sigilo da avaliagdo por pares cegas.

Logo apos o Titulo, inserir o Resumo, que deve ter carater informativo, apresentando
as ideias mais importantes do trabalho, escrito em espagcamento simples, em um tnico
paragrafo que devera ter entre 200 e 400 palavras. Incluir, ao final, de 03 (trés) até 05 (cinco)
Palavras-chave. Na continuidade, o autor devera traduzir para a lingua inglesa o Titulo, o
Resumo e as Palavras-chave, nomeando a tradugdo para o inglés de Abstract ¢ Keywords,

respectivamente.
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Nas Referéncias, as obras/autores devem ter sido citadas no texto do trabalho e
devem obedecer as dispostas no final deste documento, que foram constituidas com base nas
orientagdes da ABNT, bem como as orientagdes no final deste documento. Trata-se de uma
listagem dos livros, artigos e outros elementos de autores efetivamente utilizados e
referenciados ao longo do artigo. Nao podem existir referéncias sem as devidas citacdes, e
vice-versa.

1.1.2. Secao Notas Cientificas (Estudos de Caso)

Na sec¢do Notas Cientificas serdo publicados relatos e estudos de caso que ndo se
adéquam a secdo de artigos pelo carater simplificado, mas que devem conter no minimo a
estrutura apresentada abaixo. A estrutura da Nota Cientifica no formato IRDC (Introdugao,
Relato, Discussdo e/ou Considera¢des Finais, incluindo pré e pds-textuais) devera ter até 10
laudas, e compreende:

o Elementos pré-textuais: titulo, subtitulo (se houver), nome e biografia dos autores
(apenas no sistema, pois na fase de submissao, devem ser excluidos do arquivo em Word
ou Open Office), resumo, palavras-chave (3 a 5), tradu¢do para o inglés do titulo, subtitulo,
resumo (abstract) e palavras-chave (keywords);

o Elementos textuais (IRDC):

1. Introducdo: contextualizagdo histérica, fundamentacao e delimitagdo do assunto, objetivos
e justificativas;

2. Relato: preferencialmente usando textos, figuras, graficos, tabelas, quadros, claros e
legiveis, para proporcionar clareza no estudo do caso;

3. Discussdo: explicagdo ou comparacao dos resultados, no mesmo trabalho ou com outras
pesquisas semelhantes; e/ou

4. Consideracdes Finais: opinido ou reflexdo pessoal sobre o assunto, bem como proposituras
de cunho cientifico.

o Elementos pés-textuais: referéncias (ver item 9).

1.13. Sec¢do Registro de Obras Artisticas (fotografias, musicas, poesias, poemas,
sonetos etc.)

Na secao Registro de Obras Artisticas (exclusiva da revista Social Evolution) serfio
publicadas individualmente ou em acervo (maximo 20 obras): fotografias, musicas,
poesias, poemas, sonetos e similares, que devem conter no minimo a seguinte estrutura:

o Elementos pré-obra: titulo da obra ou do acervo (neste caso apresentar o titulo junto a
cada obra do acervo), apresentagdo da obra ou acervo, palavras-chave.

e Obra: inserir no arquivo de word ou open office, a obra ou conjunto de obras (acervo) a
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ser registrado (fotografias, musicas, poesias, poemas, sonetos e similares). Se a opgao de
registro for por acervo, as obras contidas precisam ter similaridade.
7. FORMATACAO

O manuscrito deve ser editado em Microsoft Word ou Open Office, sendo formatado
em tamanho A4 (210 x 297 mm), texto na cor preta e fonte Calibri, tamanho 11 para o texto
geral, e tamanho 10 para citagdes longas, legendas de figuras, tabelas e referéncias. Todas as
margens do manuscrito (superior, inferior, esquerda e direita) devem ter 2,0 cm.

Os manuscritos deverdo ter espacamento entre linhas de 1,5, contendo espacamento
entre paragrafos, e estes, em alinhamento justificado e com recuo especial da primeira linha
de 1,25. As notas de rodapé, as legendas de ilustragdes e tabelas, e as citagdes textuais longas
devem ser formatadas em espago simples de entrelinhas. Os resumos, em qualquer uma das
secdes, deverdo manter espagamento simples em um Unico pardgrafo e alinhamento
justificado.

Ilustragdes e fotografias podem ser coloridas ou em escala cinza. As ilustragdes que
compreendem tabelas, graficos, desenhos, mapas e fotografias, laminas, plantas,
organogramas, fluxogramas, esquemas ou outros elementos autonomos devem aparecer
sempre que possivel na propria folha onde esta inserido o texto a que se refere.

8. CITACOES

Citagdes sdo informacdes extraidas de outra fonte, e podem ser classificadas em:
citaciio direta (quando ¢ feita a partir de uma transcrigao literal, ou seja, palavra por palavra,
de trecho do texto do autor da obra consultada); citacdo indireta (quando sdo inseridas de
forma ndo-literal, ou seja, ideias pertencentes ao autor ou a diversos autores); citacdo de
citacdo (¢ aquela citagdo, direta ou indireta, de uma obra original a que ndo se teve acesso,
mas que se teve conhecimento por citagdo existente em outra obra, desta vez com acesso
efetivo).

8.1. Citacoes diretas

Na forma direta devem ser transcritas entre aspas, quando ocuparem até trés linhas
impressas, onde devem constar o autor, a data e opcionalmente a pagina, conforme o
exemplo: “Sabe-se que ha muito tempo o ser humano vem causando alteragdes na natureza e
que algo urgente precisa ser feito no sentido de minimizar os efeitos provenientes dessa acao
danosa” (NEIMAN, 2005).

As citagdes de dois ou mais autores sempre serdo feitas com a indicacdo do sobrenome
do primeiro autor seguindo por “et al.”’, conforme o exemplo: Sato et al. (2005) afirmam que

“a EA situa-se mais em areias movedicas do que em litorais ensolarados”.
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Quando a citacdo ultrapassar trés linhas, deve ser separada com um recuo de paragrafo
de 4,0 cm, em espago simples no texto, com fonte 10, conforme o exemplo:

Severino (2002) entende que:

A argumentacdo, ou seja, a operagdo com argumentos, apresentados com objetivo de
comprovar uma tese, funda-se na evidéncia racional e na evidéncia dos fatos. A evidéncia
racional, por sua vez, justifica-se pelos principios da logica. Nao se podem buscar
fundamentos mais primitivos. A evidéncia ¢ a certeza manifesta imposta pela for¢a dos modos
de atuagdo da propria razao.

8.2. Citacao indireta

A citag¢ao indireta, denominada de conceitual, reproduz ideias da fonte consultada,
sem, no entanto, transcrever o texto. Esse tipo de citacdo pode ser apresentado por meio de
parafrase, que se caracteriza quando alguém expressa a ideia de um dado autor ou de uma
determinada fonte. A parafrase, quando fiel a fonte, é geralmente preferivel a uma longa
citacdo textual, mas deve, porém, ser feita de forma que fique bem clara a autoria. Nao se
faz necessario constar o numero da péagina, pois a pardfrase pode ser uma sintese de um
pensamento inteiro.

8.3. Citacao de citacao

Evitar utilizar material bibliografico ndo consultado diretamente, mas se
imprescindivel, referenciar através de “citado por”. A citagdo de citagdo deve ser indicada
pelo sobrenome do autor seguido da expressdo “citado por” e do sobrenome da obra
consultada, em minusculas, conforme o exemplos:

o Freire (1988, citado por SAVIANI, 2000)
o (FREIRE, 1988, citado por SAVIANI, 2000)
9. REFERENCIAS

Entende-se por referéncias bibliograficas o conjunto de elementos que permitem a
identificac¢do, no todo ou em parte, de documentos impressos ou registrados em diversos tipos
de materiais. As referéncias bibliograficas sdo uma lista de fontes consultas e citadas ao longo
do corpo do trabalho, estas devem ser listadas em ordem alfabética de autor, alinhadas a
esquerda, em tamanho 9, espaco simples entre linhas, e duplo entre as referéncias. Em nossa
plataforma, e consequentemente em todos os periddicos da mesma, as referéncias seguem as
orientacoes da ABNT.

ATENCAOQ: as obras que tiverem registro internacional do tipo DOI da CrossRef
devem ter obrigatoriamente ao final o numero de registro, como segue no exemplo

abaixo:
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SILVA, C. E.; PINTO, J. B.; GOMES, L. J.. Ecoturismo na Floresta Nacional do Ibura como
potencial fomento de sociedades sustentaveis. Revista Nordestina de Ecoturismo, Aracaju,
v.1,n.1, p.10-22, 2008. DOI: http://doi.org/10.6008/ESS1983- 8344.2008.001.0001

ATENCAO: O “et al.” sé pode ser utilizado nas CITACOES e niio nas

REFERENCIAS, onde deve constar obrigatoriamente o nome de todos os autores.

De forma genérica as referéncias devem ter os seguintes elementos: autor (quem?); titulo (o
que?); edicdo; local de publicagdo (onde?); editora; e data de publicacdo da obra (quando?).
Seguem orientagdes especificas para listagem de referéncias de alguns tipos mais usuais de
obras consultadas:

a) periodicos (artigos de revistas cientificas)

ARAUIJO, P. C.; CRUZ, J. B.; WOLF, S. M.; RIBEIRO, T. V. A. R.. Empreendedorismo e
educacdo empreendedora: confrontagdo entre a teoria e a pratica. Revista de Ciéncia da
Administragao, Florianopolis, v.8, n.15, p.45-67, 2006.

TAYRA, F.; RIBEIRO, H.. Modelos de indicadores de sustentabilidade: sintese ¢ avaliagao
critica das principais experiéncias.

Satide e Sociedade, Sao Paulo, v.15, n.1, p.84-95, 2006.

SILVA, C. E.; PINTO, J. B.; GOMES, L. J.. Ecoturismo na Floresta Nacional do Ibura como
potencial fomento de sociedades sustentdveis. Revista Nordestina de Ecoturismo, Aracaju,
v.1,n.1, p.10-22, 2008.

b) livros

MARCONI; M. A.; LAKATOS, E. M.. Técnicas de pesquisa: planejamento e execugdo de
pesquisas, amostragens e técnicas de pesquisas, elaboragdo, analise e interpretacdo de dados.
6 ed. Sao Paulo: Atlas, 2007.

KAPLAN, R. S.; NORTON, D. P.. A estratégia em ac¢ao: balanced scorecard. 26 ed. Rio de
Janeiro: Elseiver, 1997.

QUIROGA, R.. Indicadores de sostenibilidad ambiental y de desarrollo sostenible: estado
del arte y perspectivas. Santiago do Chile: CEPAL, 2001.

SEGNESTAM, L.; WINOGRAD, M.; FARROW, A.. Desarrollo de indicadores: lecciones
aprendidas de América Central. Washington: CIAT-BM-PNUMA, 2000.

c) capitulos de livro

BOO, E.. O planejamento ecoturistico para areas protegidas. In: LINDBERG, K.
HAWKINS, D. E.. Ecoturismo: um guia para planejamento e gestdo. Sdo Paulo: Senac Sao
Paulo, 1999. p.65-80.

PEDRINI, A. G.. A educacdo ambiental no ecoturismo brasileiro: passado e futuro. In:


http://doi.org/10.6008/ESS1983-
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SEABRA, G.. Turismo de base local: identidade cultural e desenvolvimento regional. Jodo
Pessoa: EDUFPB, 2007. p.30-56.

d) anais de eventos

SILVA, C. E.. Ecoturismo no Horto Florestal do Ibura como potencial fomento de sociedades
sustentaveis. In. ENCONTRO PARANAENSE DE EDUCACAO AMBIENTAL, 9. Anais.
Guarapuava: Unicentro, 2006.

PAIVA JUNIOR, F. G.; CORDEIRO, A. T.. Empreendedorismo e o espirito empreendedor:
uma andlise da evolugcdo dos estudos na producdo académica brasileira. In: ENCONTRO
ANUAL DA ASSOCIACAO NACIONAL DOS PROGRAMAS DE POS- GRADUACAO
EM ADMINISTRACAO, 27. Anais. Salvador: UFBA, 2002.

e) revistas de noticias

NILIPOUR, A. H.; BUTCHER, G. D.. Manejo de broilers: las primeras 24 horas. Industria
Avicola, Mount Morris, v.46, n.11, p.34-37, nov. 1999.

f) teses, dissertacoes e monografias

CARVALHO, F.. Praticas de planejamento estratégico e sua aplicacio em organizacdes
do terceiro setor. Dissertagdo (Mestrado em Administracdo) — Universidade de Sdo Paulo,
Sdo Paulo, 2004.

BETTIOL JUNIOR, A.. Formacio e destinacio do resultado em entidades do terceiro
setor: um estudo de caso. Tese (Doutorado em Ciéncias Contdbeis) — Universidade de Sao
Paulo, Sao Paulo, 2005.

g) leis ou normas juridicas

BRASIL. Lei n.11428 de 22 de dezembro de 2006. Dispde sobre a utilizagdo e protecao da
vegetagdo nativa do bioma Mata Atlantica, e da outras providéncias. Brasilia: DOU, 2006.
SERGIPE. Decreto n.13713 de 14 de junho de 1993. Institui a criagdo da Area de Protegio
Ambiental Morro do Urubu. Aracaju: DOE, 1993.

h) documentos governamentais ou empresariais

BRASIL. Diretrizes e prioridades do plano de acdo para implementacio da Politica
Nacional da Biodiversidade. Brasilia: MMA, 2006.

PETROBRAS. Indicadores de desenvolvimento sustentavel: campos de petrdleo e gas
2008. Rio de Janeiro: CENPES, 2009. MMA; MEC. Coletivos jovens de meio ambiente:
manual orientador. Brasilia: Dreams, 2005.

OBSERVACAO RELEVANTE: a CBPC — Companhia Brasileira de Produ¢do Cientifica,
através de seus selos editoriais, ndo ¢ contraria a utilizagdo de materiais coletados na internet,

inclusive a maioria de nossos trabalhos sdao divulgados e publicados neste meio. No entanto
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para referenciar estes materiais, os autores deverdo utilizar um dos itens anteriores, se nao for
possivel fazer referéncia nas formas acima citadas, a mesma nao sera valida.

E proibida a utilizagio dos itens “Disponivel em: http:/site.com” e “Acessado em:
DD/MM/AAAA”, conforme exemplo abaixo:

MMA; MEC. Coletivos jovens de meio ambiente: manual orientador. Brasilia: Dreams, -

2005. Pispoentvelem: http://stte-eom. Aeessadoem:-DBD/MMAAAA.


http://site.com/
http://site.com/
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Highlights

The biotransformation of residues into fermentable sugars is economically viable.
Acid hydrolysis of biomass generates polluting residues.

Enzymatic hydrolysis reduces environmental impacts.

Rice husk is hydrolyzed in fermentable sugars.

ABSTRACT

The use of lignocellulosic biomass for obtaining biofuels and other products via microbial
fermentation is a promising approach. Rice (Oryza sativa L.) has worldwide importance, and
its husks are one of the most abundant agricultural wastes in the world. Because of their
abundance and low cost, rice husks may be a promising raw material in fermentative
processes. The aim of this research was to evaluate the hydrolysis of rice husks produced in
Roraima, Brazil, via a factorial experiment. Total reducing sugar was used as a response
variable. Acid hydrolysis presented the highest total reducing sugar yield and a total reducing
sugar concentration of 163.71 g.kg” and 33.97 g.L"', respectively. These results were obtained
using intact husks, a sulfuric acid concentration of 1.5% and a solid:liquid ratio of 1:8. Time
was not a significant factor. Enzymatic hydrolysis presented the highest total reducing sugar
yield and total reducing sugar concentration of 91.57 g.kg” and 19.00 g.L", respectively,
which was obtained using triturated husks. Therefore, subsequent efforts should be employed
to establish hydrolysis processes that may be used in rice processing industries.

Keywords: a-amylase, Aspergillus oryzae, lignocellulosic waste, Oryza sativa, reducing
sugar, sulfuric acid.
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1. INTRODUCTION

From an environmental as well as from an economical point of view, the use of biomass for
developing new products such as biofuels, vegetable oils and biogas is a promising strategy,
mainly because it allows sustainable production and avoids inadequate discard of waste. In
the near future, different kinds of biomass will be an important source of energy and raw
material for numerous economic activities (Mota et al., 2017). The growing need to become
more environmentally friendly has increased the use of agro-industrial wastes for biofuel
production. lignocellulosic biomass, such as as sugarcane bagasse, wood wastes and rice
husks have been highlighted, mainly because of their high availability and renewable nature
(Singh et al., 2014).

Rice (Oryza sativa L.) is a globally important crop. For the same year, Brazil produced 237.7
million tons (Santos Junior, 2018), and is the greatest producer of rice outside of Asia
(Ottonelli and Grings, 2017). Because of its abundance, rice husk is commonly burned,
producing ash, environmental pollution and creating health problems for the human
population. Another common destination for this waste is disposal in rivers, directly or
indirectly, which results in eutrophication and greenhouse gas production (Della et al., 2006;
Foletto et al., 2005).

The husks correspond to 20-33% of rice gross weight and are composed of cellulose (~29%),
hemicelluloses (~29%), lignin (~24%) and some amount of protein, extractives, inorganics
and starch (~18%), according to Abaide et al. (2019) and Potumarthi et al. (2013). Its
hydrolysis may be performed using diluted acids or enzymatic complexes, according to the
purpose of the hydrolysate. Enzymatic hydrolysis normally requires rigorous control of
temperature and pH, while acid hydrolysis is relatively low cost, though requires
neutralization after processing (Li et al., 2014; Pereira Jr. et al., 2008).

Acid hydrolysis is the breaking of the amorphous regions of cellulose by the addition of acid
under specific conditions. The acid acts quickly on polymers of cellulose, releasing
monomeric sugars, and because of this, the reaction must be controlled (Silva and D’almeida,
2009). The acid may be diluted or concentrated, and the breaking of lignocelluloses occurs in
two stages, because of differences between hemicellulose and cellulose. In the first stage, the
hemicellulose is broken, according to pretreatment conditions, and in the second stage, high
temperatures must be used with the aim of hydrolyzing the cellulose fraction (Silva et al.,
2010).

Despite some advantages, acid hydrolysis produces pollution in the form of solid waste and
by-products, such as furfural, ketones, acetic acid, di-phenols, phenyl-propane and derivatives
that may to inhibit the microbial fermentation of the hydrolysate (Aguiar and Menezes, 2000;
Irwin et al., 1993; Ogeda and Petri, 2010). Acid hydrolysis has been less used than enzymatic
hydrolysis mainly because of the specificity of enzymes, which results in a hydrolysate with
better defined physicochemical properties (Severo et al., 2010).

Because of the aforementioned reasons, enzymatic saccharification has been more commonly
used in studies that aim to reduce costs in the long term, when compared to acidic processes
that generate polluting residues and, in most cases, products that end up inhibiting further
fermentation. The use of enzymes reduces the requirement for high temperatures, organic
solvents and extreme conditions of pH, besides resulting in a high purity hydrolysate and
reducing the environmental footprint (Cherry and Fidantsef, 2003).

Enzymatic hydrolysis of cellulose is performed by cellulases, an enzymatic complex that acts
by cleaving glicosidic bonds, and releasing oligosaccharides, cellobiose and glucose
(Meyabadi et al., 2014). The main variables that affect the enzymatic hydrolysis are the type
and concentration of enzyme, pH, temperature and time of treatment (George et al., 2011).
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Therefore, the aim of this research was to evaluate the effect of the concentration of sulfuric
acid on acid hydrolysis and a-amylase during enzymatic hydrolysis of rice husks, with the
aim of aggregating value to by-products of the rice processing industry.

2. MATERIAL AND METHODS
2.1 Lignocellulosic waste

The rice husks (Oryza sativa L.), used as substrate in this research work, were ceded by rice
processing industry in the municipality of Boa Vista, Roraima state, Brazil. For hydrolysis
assays, intact or triturated (particle size < 2mm) husks were used and were stored at room
temperature until the start of the experiments.

2.2 Acid hydrolysis

In accordance with Hickert et al. (2013), rice husks were mixed with sulfuric acid at different
concentrations and stored at room temperature for 24 h. After this time, the hydrolysis assays
were evaluated using a factorial experiment (2° + 3c). A total of 11 assays were performed, as
described in Table 1. The following aspects were evaluated: (factors) solid: liquid ratio, acid
concentration (%) and time (min) of heat shock (121 °C), and the total reducing sugar
concentration [TRS] (g.L™") was the response variable.

Table 1. Acid hydrolysis assays detailing use of the factorial

experiment.
Solid:Liquid Acid Time
Assay ) concentration )

Ratio (%) (min)

1 1:6 0.5 40°

2 1:6 0.5 80°

3 1:6 1.5 40°

4 1:6 1.5 80’

5 1:10 0.5 40°

6 1:10 0.5 80’

7 1:10 1.5 40°

8 1:10 1.5 80’

9(c) 1:8 1.0 60’

10 (c) 1:8 1.0 60’

11 (c) 1:8 1.0 60’

Key: (c) = central points.

After heat shock, the liquid content was separated by compression (10 tons) and pH was
adjusted to 5.0 by adding Ca (OH),. The precipitate salt and solid waste from the assays were
discarded.
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2.3 Enzymatic hydrolysis

Enzymatic hydrolysis was performed as described by Ferreira et al. (2013), using freeze-dried
a-amylase of Aspergillus oryzae (Granotec do Brasil S.A.) at pH 5.0 (sodium acetate buffer
0.025M) and at 40 °C in a water bath with horizontal shaking (Dubnoff type).

The hydrolysis was evaluated using a factorial experiment (23 + 3c), being factors: substrate
concentration (%), enzyme concentration (%) and time of reaction. Total reducing sugar
concentration (g.L ") was the response variable. Complete details are presented in Table 2.

Table 2. Enzymatic hydrolysis assays detailing the experimental design.

Substrate Enzyme Time
Assay concentration concentration h
(%) (%) (hours)
1 16 3 36
2 16 3 12
3 16 1 36
4 16 1 12
5 4 3 36
6 4 3 12
7 4 1 36
8 4 1 12
9(c) 10 2 24
10 (c) 10 2 24
11 (¢) 10 2 24

Key: (c) = central points.

2.4 Total reducing sugar concentration and yield

Total reducing sugar concentrations ([TRS], g.L™') were determined using the Di-Nitro
Salicylic Acid (DNS) method (Miller, 1959), with modifications. In a microtube, 20 uL of
diluted (10™") sample was mixed with 180 uL of distilled water and 300 puL of DNS solution.
After being boiled for 5 min, 1500 pL were added and absorbance at 540 nm was evaluated.
The [TRS] (g.L™") was calculated according to the standard curve “ABS = [TRS]*0.064 +
0.017” (R?=0.999).

Total reducing sugar yield (Y1rs, g.kg™") was calculated according to Hernandez-Salas et al.
(2009), with adaptations, using the formula “Yrs= ([TRS]u*Vu)/mw”, [TRS]u4 being the total
reducing sugar concentration (g.L™') of the hydrolysate, Vu the recovered volume (L) of
hydrolysate and my the mass (kg) of biomass used in the assay.

2.5 Statistical analysis

The factorial experiment and the difference between intact and triturated husks were analyzed
using ANOVA (o= 0.05) using the software R (R Core Team, 2018). Significant effects were
represented in conditional graphs, which show the relationship between the dependent
variable and a given independent variable while keeping the remaining independent variables
constant (Breheny and Burchett, 2017).
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3. RESULTS
3.1 Acid hydrolysis

The assays using intact rice husk resulted in [TRS] from 14.83 to 33.97 g.L ™', while triturated
rice husk presented [TRS] from 7.41 to 16.98 g.L ', and thus presented significant difference
(p= 0.0002). The total reducing sugar yield varied from 35.73 g.kg™, for triturated husk, to
163.71 gkg" for intact husk. Complete results of acid hydrolysis and yield are presented in
Table 3.

Table 3. Complete results of total reducing sugar concentrations [TRS (g.L™")] and total
reducing sugar yield [Yrs (g.kg™)] of each assay using intact and triturated rice husk for acid
hydrolysis.

Assay [TRS] Yrs
Intact husk Triturated husk Intact husk Triturated husk

1 17.39 8.70 83.81 41.90
2 18.33 9.17 88.34 44.17
3 31.04 15.52 149.59 79.80
4 33.97 16.99 163.71 81.86
5 14.83 7.42 71.47 35.73
6 18.04 9.02 86.94 43.47
7 29.29 14.65 141.16 70.58
8 16.18 8.09 77.98 38.99
9(c) 13.45 13.45 129.59 64.80
10(c) 14.47 14.47 139.47 69.73
11(c) 13.49 13.49 130.02 65.01

Key: (c)= Central points.

The results of ANOVA (R*= 0.85) indicate that there are no significant interactions between
the factors, and the factor “time” has not significant effect (p= 0.5357). The highest values for
[TRS] were obtained when using “solid: liquid ratio” of 1:8 (p= 0.01632), “acid
concentration” of 1.5% (p= 0.0004) and intact husks, as presented in figure 1.
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Figure 1. Total reducing sugar concentration ([TRS], g.L™") of acid hydrolysis according to
solid: liquid ratio (a), acid concentration (b) and state of rice husk (intact/tritured) (c).

3.2 Enzymatic hydrolysis

Enzymatic hydrolysis presented [TRS] from 0.00 to 19.00 g.L ', and ANOVA (R>= 0.90) and
analysis indicated significant effects of “substrate concentration” (p= 0.0369), “enzyme
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concentration” (p= 0.0000) and “time” (p= 0.0001). Triturated husks presented the highest
[TRS] value when compared to intact husks (p= 0.0008). Furthermore, a significant
interaction was identified between “substrate concentration” and the state of the husk (p=
0.0101). The highest [TRS] values were obtained using triturated husks, with a substrate
concentration of 0.1%, enzyme concentration of 0.03% and 36-hour reaction time. Complete
results are presented at Table 4 and Figure 2.
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Figure 2. Total reducing sugar concentration ([TRS], g.L ") according to ‘“substrate
concentration” and “state of husk”, “enzyme concentration” (b) and “time” (¢).

Table 4. Complete results of total reducing sugar concentration ([TRS], g.L ') and total

reducing sugar yield (Yrrs, g.kg') of each assay using intact and triturated rice husks for
enzymatic hydrolysis.

Assay [TRS] Yrs
Intact husk Triturated husk Intact husk Triturated husk
1 18.00 13.30 84.51 64.10
2 8.70 6.60 41.93 31.81
3 4.00 9.60 18.74 46.27
4 0.00 0.00 0.00 0.00
5 10.00 19.00 49.87 91.57
6 7.30 12.40 35.18 59.76
7 0.00 7.50 0.00 36.14
8 0.00 0.00 0.00 0.00
9(c) 1.40 2.10 6.75 31.81
10(¢c) 1.90 5.50 9.16 44.34
11(c) 0.30 6.30 1.45 42.89

Key: (c)= Central points.

4. DISCUSSION

When using 0.5% of H,SO, for rice husk hydrolysis, Ang et al. (2013) obtained 7.2 £ 0.3 g.L ™!
of [TRS], close to the level obtained in our study under the same conditions. Kim et al. (2014)
obtained 43.8 g.L' of [TRS] using sulfuric acid, but observed that when the acid
concentration or length of treatment time was increased, the [TRS] was decreased because of
the conversion of D-xylose into furfural, which could explain the low values of [TRS]
obtained in this study when using triturated rice husks. The mechanical rupture of the fibers,
which occurs during trituration, aids in the exposure of the biomass to sulfuric acid and leads
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to oxidation of the sugars and conversion into furfural and hydroxy-methyl-furfural. This was
not observed when using intact rice husks.

Sukumaran et al. (2009) evaluated the best reaction time for enzymatic hydrolysis of rice
husks; highest [TRS] was reached at 48 hours of reaction. In this study, a preliminary assay
(data not shown) indicated that [TRS] had not increased at 48 hours, and the maximum values
were reached at 36 hours. This may have occurred because the enzyme used, a-amylase, has
expected low specificity for lignocellulosic wastes.

According to Ferreira et al. (2013), treatments using acid have the disadvantage of the need
for neutralization of the product. The using of sulfuric acid requires the addition of a strong
base, such as calcium hydroxide, resulting in calcium sulfate as precipitate salt and turning the
hydrolysate into a high osmolarity medium. Therefore, it can reduce the total reducing sugar
yield and compromise the fermentability of this substrate. Furthermore, as a solid waste, rice
husks continue to be a toxic waste, and require an adequate destination. However, the solid
waste from enzymatic hydrolysis may be more easily used for other purposes in agricultural
activities.

Current global climatic changes create a need for productive processes that are
environmentally friendly. Thus, industries should provide adequate destination for solid
wastes, which at the same time do not increase production costs (Busch and Ribeiro, 2009;
Lorenzett et al., 2012). The most adequate hydrolysis process must be chosen according to the
characteristics of the rice industry and the purpose of the resulting hydrolysate. According to
Silva e Almeida (2009), the rice industry has to seek alternative destinations for the husks,
such as use as biomass in power plants and in other activities, in order to close the rice
production cycle.

5. CONCLUSION

Acid hydrolysis of rice husks was shown to be more efficient when using intact husks, since
they released a hydrolysate with a total reducing sugar concentration and yield close to other
alternative lignocellulosic substrates used for fermentation.

The enzymatic hydrolysis method used in this experiment was proved to be efficient for
obtaining a hydrolysate with a low total reducing sugar concentration, but with a total
reducing sugar yield close to that obtained from optimized processes. Furthermore, this
hydrolysate may be used for specific purposes, and is a low toxicity solid waste after
hydrolysis.

Subsequent efforts should be employed to establish hydrolysis processes that may be used in
other substrates besides those from the rice processing industry.
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ABSTRACT

Microbial lipids had attracted, recently, some attention as promising feedstock for obtaining
biofuels and other added value chemical compounds. In this context, the production of yeasts
single-cell oil (YSCO) by oleaginous yeasts, using industrial and lignocellulosic wastes as
carbon source, is an alternative to reduce the costs of production and environmental pollution.
The aim of this research was to select strains of oleaginous yeasts and evaluate the fatty acids
profiles under different cultivation conditions. Nine strains previously isolated and preserved
in culture’s collection from Laboratorio de Microbiologia (PRONAT, UFRR, Brazil) were
reactivated and cultured in medium containing glucose PA and different nitrogen
supplements. Others medium composed of Rice Husks Acid Hydrolysate (RHAH) or Rice
Husks Enzymatic Hydrolysate (RHEH) were used as alternative carbon source. The microbial
oil was extracted from the biomass and fatty acids were derivatized and analyzed by Gas
Chromatography (GC). Highest lipid content were obtained when using glucose PA, but poly-
unsaturated fatty acid concentration increased when RHEH was provided as carbon source.
These results indicates the high potential of RHEH as substrate for obtaining poly-unsaturated
fatty acid, and subsequent efforts must to establish this bioprocess.

Keywords: Fatty Acids, Biotechnology, Gas Chromatography, Microbial Oil.
1. Introduction

All eukaryotic and some Gram-positive bacteria accumulate tri-acyl-glycerol in
intracellular compartments, with similar structure for all cell types, about 6 to 8 percent of dry
weight, mainly for plasmatic membrane composition (Mlickova et al., 2004; Schulze et al.
2014). When the percentage corresponds to more than 20 percent of dry weight, the
microorganism is defined as oleaginous. Among the yeasts, some of these may to reach until
70 percent of the dry weight corresponding to lipids, named microbial oil or Yeast Single-Cell
Oil (YSCO), according to Angerbauer et al. (2007).

Microbial oil presents different biotechnological applications, and may be used in
various by-products. The using of yeasts has some advantages, mainly because these microbes
present highest growth rates, are more commonly used in fermentative processes and are
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minimally affected by environmental conditions, as microalgae (Ageitos et al., 2011; Leiva-
Candia et al., 2014).

Oleaginous microorganisms, including yeast, bacteria, filamentous fungi and
microalgae, share the special feature of producing over 20% of dry biomass lipids as carbon
storage reserves with similar fatty acid compositions with vegetable oils. Among the yeasts,
only 5% of all known specie are considered oleaginous (Leiva-Candia et al., 2014 and Meng
et al.,, 2009). The genera Yarrowia, Candida, Rhodotorula, Rhodosporidium, Cryptococcus
and Lipomyces have remarkable potential, accumulating up to about 70% of their dry lipid
biomass, using glucose as carbon source (Leiva-Candia et al., 2014;. Hu et al., 2009; Schulze
etal., 2014).

Microbial lipid accumulation has as main factor the Carbon:Nitrogen ratio (C:Ng),
being as greater the C:Ng, as greater will be the lipid accumulation. Furthermore, other factor
may affect lipid accumulation, as carbon source, nitrogen supply (organic or inorganic), pH,
temperature and aeration. The most common carbon source is pure glucose, but various
studies has been dedicated to use others sources available in plant biomass and agro industrial
wastes (Hou, 2008; Papanikolaou et al., 2003; Zhu; Whu, 2008).

According to Hungenholtz and Smid (2002), microbial oil can have many uses, such
as nutraceutical applications, biodiesel production and antimicrobial activity. The term
“nutraceutical” is defined as a wide variety of foods and nutritional components applied to
promote health.

To reduce the costs of microbial oil, other sources of carbon instead of glucose have
been explored. Agricultural and industrial wastes have been reported to be used as carbon
source for oil accumulation in yeast (Li, Du, Liu, 2008). Some Cryptococcus strains are
recognized as good lipid producers, especially C. curvatus, which has been widely studied in
fermentations using different substrates, such as sorghum bagasse hydrolysate (Liang et al.,
2012), wheat straw hydrolysate (Yu et al., 2011), glucose (Zhang et al., 2011) and crude
glycerol (Thiru; Sankh; Rangaswamy, 2011).

The aim of this work was to select wild-type strains of oleaginous yeasts, evaluating
the fatty acids profiles obtained from different culture conditions, using glucose or rice husks
hydrolysates as carbon sources.

2. Material and Methods
2.1 Yeasts Strains

Were used nine yeasts previously isolated from soils samples obtained in Parque
Nacional do Virud, Caracarai city, Roraima state, Brazil (01°30°36”N, 60°42°59”W) and
preserved in the culture’s collection of Laboratorio de Microbiologia / PRONAT / UFRR —
Brazil, being three isolates of Criptococcus podzolicus(VR520, VR535 and VR558), two of
Candida pseudointermedia(VR544 e VR545), one of Rhodotorula mucilaginosa(VR543) and
three of Yarrowia sp. (VR546, VR 547 and VRS571). Saccharomyces cerevisiae (CBS 1171)
and Yarrowia lipolytica(QU 21) were used as negative and positive control, respectively.

2.2 Yeasts Reactivation and Pre-inoculum Preparation

For reactivation, the isolates, preserved at —80 °C, were cultured in plates containing
GYMP Agar (Glucose 20 g.L™', Yeast Extract 5 g.L ™', Malt extract 10 g.L"' NaHPO, 2 g.L ",
Agar 20 g.L™"), incubated at 25 °C for 48 h (Kurtzman; Fell, 1998). The pre-inoculum was
prepared in tubes containing 10 mL of GYMP broth, standardized for absorbance 0,8 (A= 600
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nm), corresponding to 2,0 * 10* cells/mL, incubated at 28°C and 200 rpm for 18h (Bussamara
etal., 2010).

2.3 Conventional Culture Medium

Conventional culture medium was prepared with glucose PA as carbon source (100
g.L™), nitrogen source (1 g.L™"), monobasic potassium phosphate (1 g.L™"), and magnesium
chloride hexahydrate (0,5 g.L™"), autoclaved at 121 °C. for 15 minutes. To compare whether
there is any change in the lipid yield and fatty acids profiles of the YSCO obtained, three
nitrogen sources were tested separately: peptone, yeast extract and ammonium sulfate.

2.4 Rice Husks Hydrolysates Preparation

Rice Husks Hydrolysates were obtained by two different methods: acid hydrolysis
(RHAH) and enzymatic hydrolysis (RHEH). Rice Husks were obtained from four processors
located in Boa Vista city, Roraima State, Brazil. The wastes collected at each site were stored
in bags, transported to the laboratory, where the composite sample was prepared, by weighing
the residue obtained from each beneficiary, forming the substrate. After this step, the residues
were triturated (particle size: 2 mm) and then the rice husks hydrolysates were prepared
according to Alencar et al. (2019). Total Reducing Sugar concentration was determined
according to Miller (1959).

2.5 Yeast Single-Cell Oil Obtention

The pre-inoculum content was transferred to Erlenmeyer flasks of 250 mL containing
90 mL of conventional culture medium or Rice Husks Hydrolysate, totalizing 100 mL in each
assay. The flasks were incubated at 25°C, 150 rpm for 96 h, according to da Rosa et al. (2014,
2015). After this, each flask content was centrifuged (3000 rpm, 5 min), frozen at —30 °C for
48h, lyophilized and final biomass determined (g.L™).

The YSCO was extracted according to Folch et al. (1957), with modifications. The
lyophilized biomass was submerged in methanol: chloroform (1:2) for 24h, and then
submitted to ultrasound for 30 min. After centrifuged (3000 rpm, 5 min), the liquid phase was
concentrated using nitrogen gas and dried in silica desiccator until constant weight was
observed.

The YSCO yield (%) was determined by the formula “Yy= {[YSCO](g.L™")/[final
biomassa](g.L™")}*100”, according to Kraisintu, Yongmanitchai, Limtong,(2010).

2.6 Qualitative analysis

The obtained YSCO were analyzed by thin layer chromatography (TLC) to verify the
presence of triglycerides and free fatty acids, using soybean oil and oleic acid, respectively as
standards. After derivatization, the reaction was confirmed by the same technique verifying
the conversion of microbial oils to methyl esters, being included as standard methyl esters
obtained from soybean oil. All samples eluted on GF254 silica chromatographs in a solvent
mixture composed of hexane, ethyl ether and acetic acid in 8: 2: 0.1 ratios. The results were
obtained by visualization in UV light, (254 and 365nm), and by revelation using
phosphomolybdic acid solution in methanol (1.25%), followed by heating to 150 °C.

2.7 Fatty Acids Profiles Determination
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A gas chromatograph with flame ionization detector (Shimadzu, model GC-2010) was
used for the analysis of methyl esters solutions (Smg.mL-1). Separation was performed using
a fused silica capillary column (Omegawax 250 (30 m x 0.25 mm x 0.25 um, EUA Supelco).
The injector temperature was 260°C, the GC oven temperature program started at 50°C (hold
time 2 min), heated to 220 °C at 4 °C min™, and the final temperature was maintained for 35
min. Fatty acids were quantified and identified using a standard composed of 37 FAME Mix
Components (Supelco).

2.8 Statistic Analysis

To evaluate the best yieldsof biomass and YSCO in conventional medium, was
performed an ANOVA (a = 0.05) for each strain. To verify the best yields in medium
containing rice husks, the “t” test was performed for each strain, using the “R software” (R
Core Team, 2018).

3. Results and Discussion
3.1 Microbial Biomass and YSCO Production in Conventional Medium

The results of microbial biomass, YSCO production and respective yields in media
composed of glucose PA with different nitrogen sources are shown in table 1.

Y. lipolytica QU21 was used as positive control because it has already been evaluated
in previous work by Poli et al. (2013), where the highest yield was 26.5% using ammonium
sulfate as nitrogen source and extraction was performed with maceration using liquid nitrogen
followed by ultrasound treatment.

Table 1 — Final microbial biomass, YSCO and yield for each strain in medium composed of glucose
PA and different nitrogen sources.

Yeast strain Nitrogen source Biomass YSCO Yield
g/L g/L %
Y. lipolytica (Positive control)
Peptone 11.04+0.21 3.64+0.24 33
QU21 Ammonium Sulfate 16.81+£0.4 2.28+0.14 14
Yeast Extract 14.73+0.27 2.31£0.12 16
S. cerevisiae (Negative control)
Peptone 6.2+0.36 0.0+0.00 0
CBS1171 Ammonium Sulfate 3.01+£018 0.0+0.00
Yeast Extract 10.28+0.5 0.0+0.00 0
Cr. podzolicus
Peptone 9.124+0.29 1.21£0.1 13
VR520 Ammonium Sulfate 9.41+0.22 1.3140.15 14
Yeast Extract 13.2140.1 1.4+014 11
Peptone 12.79+0.16 0.85+0.17 7
VR535 Ammonium Sulfate 15.6+0.08 0.93+0.15 6
Yeast Extract 19.09+0.16 1.38+0.02 7
Peptone 6.68+0.18 1.11+0.12 16
VR558 Ammonium Sulfate 16.37+0.12 1.17+0.12 7

Yeast Extract 20.09+0.16 1.48+0.14 7
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R. mucilaginosa

Peptone 10.9140.13 2.12+0.18 19
VR543 Ammonium Sulfate 11.39+0.20 1.12+0.16 10
Yeast Extract 15.44+0.21 0.73+£0.12 5
C. pseudointermedia

Peptone 9.17+0.12 0.98+0.05 11

VR544 Ammonium Sulfate 8.1940.23 1.23+0.08 15
Yeast Extract 8.16+0.18 1.16+0.14 15

Peptone 21.77+0.12 1.33+0.08 6

VR545 Ammonium Sulfate 20.15+0.18 0.47+0.1 2
Yeast Extract 17.87+0.22 1.64+0.18 9

Yarrowia sp.

Peptone 13.89+0.17 0.64+0.08 4

VR46 Ammonium Sulfate 16.15+0.22 0.6+0.17 4
Yeast Extract 17.7240.18 3.23+0.16 18

Peptone 12.81+0.16 1.79+0.12 14

VR547 Ammonium Sulfate 10.45+0.23 2.09+0.12 20
Yeast Extract 12.41+0.18 2.56+014 21

Peptone 8.16+0.25 1.5340.17 18

VR 571 Ammonium Sulfate 16.2+0.21 0.84+0.14 5
Yeast Extract 8.2+0.14 1.84+0.14 22

Only by this protocol was possible to obtain yields greater than 20 percent of the dry
weight. From the analysis of the data presented in table 1 it can be affirmed that the nitrogen
source affects the YSCO production, which associated with the tested extraction method made
it possible to establish a new protocol to optimize the oil production by the strain, with yield
reaching 33%.

The negative control, S. cerevisiae CBS1171, did not produce sufficient oil
concentrations to calculate yield, and it was possible to verify only the natural production of
cell membrane fatty acids and triglycerides by TLC. According to the literature, this species
does not produce any intracellular lipid droplets (Vorapreeda et al., 2012).

Highest biomass production was reached by the strain VR545 (C. pseudointermedia)
using peptone as nitrogen source, with concentration on average of 21.77 g.L”'. The highest
YSCO production using the conventional medium was 3.6 g.L™' for the control strain QU21
(Y. lipolytica) with the same nitrogen source. However, by the values of YSCOyield, were
considered oleaginous strains: QU21, VR547 and VR571, all of the genus Yarrowia, in the
presence of different sources of organic nitrogen, with yields between 20 and 33%. R.
mucilaginosa strain VR543 with 19% yield may be a promising oleaginous microorganism
using other protocols for intracellular lipid accumulation, such as: inclusion of new carbon
and / or nitrogen sources, temperature, pH, aeration, among others.

Statistical analysis (table 4, supplementary material) indicates the influence of
nitrogen sources tested with significance level <0.05. Yeast extract had a significant influence
on other sources in the biomass production of CBS 1171 (negative control) strains of Cr.
podzoliccus (VR520, VR535 and VR558), R. mucilaginosa (VR543) and Yarrowia sp.
(VR546 and VR547). Peptone influenced the biomass growth of C. pseudointermedia
(VR544 and VR545) and Yarrowia sp. (VR547). Ammonium sulfate influenced the growth of
QU21 and Yarrowia sp. (VR571).
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Regarding to YSCO production, yeast extract had a significant influence for C.
pseudointermedia (VR545) and Yarrowia sp. (VR546, VR547 and VR571). Peptone
influenced YSCO production by the strains QU21 (positive control), C. pseudointermedia
(VR545), R. mucilaginosa (VR543) and Yarrowia sp. (VR571). Ammonium sulphate had
influence only with C. pseudointermedia (VR544), and none of the sources tested had a
significant influence when compared to the others on oil production by Cr. podzoliccus
(VR520, VR535 and VR558), meaning there was no preference of strains for a specific
nitrogen source.

In this study, was possible to verify that the new strains evaluated, which are of genera
described in the literature as a source of oleaginous species, someof them are capable to
accumulating greater than 20% of their dry weight in lipids and may be promising sources of
YSCO.

3.2 YSCO production using Rice Husks Hydrolysate

The results of biomass, YSCO and yields using rice husk acid (RHAH) and enzymatic
(RHEH) hydrolysate are presentedat table 2.

Table 2 — Final biomass,YSCO final concentration and yieldfor each strain according to the of rice husk
hydrolysate (RHH).

Biomass YSCO Yield
Yeasts RHH _ _
(eL™ (gL (%)
Y. lipolytica (Positive Control)
Acid 8.23+0.42 0.37+0.01 5
QU21 .
Enzymatic 9.93+0.45 0.96+0.01 10
S. cerevisiae (Negative Control)
Acid 13.23£1.02 0.01+0.06 0
CBS 1171 .
Enzymatic 3.3+0.4 0.02+0.05 0
Cr. podzolicus
Acid 19.6+0.66 0.7+0.21 4
VR520 .
Enzymatic 8.3+0.3 0.3+0.11 4
Acid 20.5+0.26 0.6+0.24 3
VR535 .
Enzymatic 8.7+0.36 0.2+0.13 2
Acid 18.63+0.21 0.6+0.27 3
VR558 .
Enzymatic 17.73+0.95 1.9+0.4 11
R. mucilaginosa
Acid 22.77+0.15 0.9+0.32 4
VR543 E . 3
nzymatic 16.07+0.21 0.4+0.09
C. pseudointermedia
Acid 6.27+0.6 0.440.15 6
VR544 i
Enzymatic 12.33+£0.55 0.52+0.08
Acid 17.57+0.35 0.5+0.18 3
VR545 i
Enzymatic 11.63+0.15 1.4+£0.41 12
Yarrowia sp.
Acid 15.77+1.06 0.4+0.29 3
VR546 .
Enzymatic 7.9+£0 0.4+0.02

VR547 Acid 8.57+0.35 0.5+0.30 6
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Enzymatic 15.8+0.3 1.0+0.07 6
Acid 15.9+0.5 0.7+0.17
VR571 .
Enzymatic 8.77+0.06 0.5+0.1 6

In these assays, the positive control showed much lower oil productivity when
compared to the results presented in Table 1, but in medium using RHEH the result was
higher than that obtained with RHAH. Highest biomass production was reached by strain
VR543 (R. mucilaginosa) using RHAH, with an average of 22,8 g.L”'. However, the highest
YSCO production was 1,9 g.L "', reached by the strain VR558 (Cr. podzolicus) cultured in
RHEH.

The highest yields were 10%, 11% and 12% for the strains QU21, VR558 and VR545,
respectively, using RHEH as carbon source. However, none of the strains reached YSCO
productivity higher than 20%, including yeasts that were considered oleaginous when cultured
in conventional medium. Enshaeieh et al. (2012), testing the influence of rice bran on the
production of biomass and YSCO by strains of Rhodotorula sp. and Candida sp., found
biomass of 18,16 g.L " and 17,70 g.L,with yields of YSCO about 29% (5,45g.L" and 4,25
gL', respectively). Liang et al. (2014) evaluated lipid production by Cr. curvatus in
hydrolysates derived from corn fiber and sweet sorghum bagasse after pretreatment with
sulfuric acid and obtained biomass yields of 10,8 g.L ' and YSCO yield of 40%.

Statistical analysis (table 5, supplementary material) indicates the significance of the
alternative methods tested. The RHAH had a significant influence on biomass production by
most strains: CBS 1171 (negative control), Cr. podzoliccus (VR520 and VRS535), C.
pseudointermedia (VR545), R. mucilaginosa (VR543) and Yarrowia sp. (VR546 and VR571).
The RHEH resulted in better biomass yields when tested for the strains QU21, C.
pseudointermedia (VR544) and Yarrowia sp. (VR547). There was no preference of Cr.
podzoliccus (VR558) by specific type of hydrolysate.

However, when YSCO production in RHEH was evaluated, this substrate had the best
influence on the yield of most strains: QU21 (positive control), C. pseudointermedia (VR544
and VR545), Cr. podzoliccus (VR558) and Yarrowia sp. (VR546, VR547 and VR571). Only
R. mucilaginosa (VR543) and Cr. podzoliccus (VR520) had higher YSCO yield when using
RHAH. The strain Cr. podzoliccus (VR535) showed no selectivity for any of the hydrolysates
tested.

The yeasts behavior in the present research, when compared to the production in
conventional and alternative medium, was similar to that observed by Silva et al.(2018) when
evaluating the effect of the concentration of manipueira, cassava processing residue, on
biomass and YSCO production by R. mucilaginosa, obtaining 4.1; 6.95; 5.77 g.L! of biomass
and 13,33%; 7,71% and 8,47% of YSCO yield in 50%, 75% and 100% of manipueira
cultures, respectively.In the cultivation performed in conventional medium, there was the
production of 9.39 g.L'of biomass and 41.92% of YSCO.

3.4 Fatty Acids Profiles

The fatty acids profiles obtained in conventional medium using different nitrogen
sources are shown in Table 3. Most of the yeasts produced mostly oleic acid (C18:1) and
secondly palmitic acid (C16:0). Expressive production of stearic acid (C18:0) and linoleic
acid (C18:2) was also observed for all strains.

Poli et al.(2013) obtained fatty acid methyl esters (FAME) of QU21 strain composed
of myristic acid (C14:0), myristoleic acid (C14:1), palmitic acid (C16:0), palmitoleic acid
(C16:1), heptadecanoic acid (C17:1), stearic acid (C18:0) and oleic acid (C18:1), however
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there is no specification of relative percentages of each component. In the present research,
this strain produced palmitic acid (C16:0), palmitoleic acid (C16:1), stearic acid (C18:0) and
oleic acid (C18:1) as main content. Heptadecanoic acid (C17:1) was observed only when
ammonium sulfate was used as nitrogen source. In addition, new acids were produced by the
strain, such as linoleic acid (C18:2) in all tests with the control strain, and docosaexanoic acid
(C22:6), DHA, when peptone was used as a nitrogen source.

When analyzing the table 3, is remarkable that most of fatty acids have between 16
and 18 atoms of carbon, some having less or more than this range, but with low relative
intensity. Most of the assays produced unsaturated fatty acids with high added value. In
various samples, the ratio omega 6:omega 3 series is in the range.

Most of strains, when cultured using glucose PA as carbon source, produced mainly
oleic acid (C18:1), followed by palmitic acid (C16:0), and remarkable stearic (C18:0) and
linolenic acid (C18:2). The percentage of oleic acid decreased when RHAH was provided for
the strains VR544, VR545, VR546 and VR558. Furthermore, this fatty acid was not detected
to the strains VR520 (A) and VR547 (A). Despite of this, for these last cases, was detected the
di-homo-y-linolenic acid (C20:3).

The analysis by TLC of the extracts obtained in these assays indicated the presence of
compounds not from the group of triglycerides, fatty acids and esters, leading to a high
percentage of not identified compounds when compared to GC / FAME patterns. In the assays
using RHEH and peptone, the resulting fatty acids profile was close to that resulting from the
medium composed of glucose and peptone, with greatest percentages of oleic acid (C18:1),
palmitic acid (C16:0) and linolenic acid (C18:2).

The strains of Cr. podzolicus, when cultured in glucose PA, despite of nitrogen supply,
produced the same fatty acids, varying only the relative abundance. The strain VRS558
presented low percentage of not identified compounds. For the strain VR520(A), C18:1 was
not detected, but C20:3 presented relative abundance of 11%. The percentage of unsaturated
fatty acids presented elevated values. The only previous report of oleaginous potential for this
specie is from the work of Schulze et al. (2014), that obtained C18:1 (55.1 and 59.4%) and
C16:0 (18.4 and 20.1%) when evaluating the influence of glucose and xylose in lipids
accumulation using peptone as nitrogen source.

Liang et al. (2010) using glycerol as carbon source and NH4Cl as nitrogen source for
Cr. curvatus ATCC 20509, obtained the same fatty acids profile identified in this work. Thiru,
Sankh and Rangaswamy (2011), evaluating the lipid accumulation by Cr. curvatus and its
conversion to biodiesel, obtained high percentage of C18:1, followed by C16:0, C18:0 and
C18:2, highlighted the unprecedented evaluation of strains from Brazil.



Table 3 — Fatty acids profiles accumulated according to the strain and to different substrate
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Y. lipolytica (C +)

C14:0 Cl14:1 C15:0 C15:1 C16:0 C16:1 C17:0 C17:1 C18:0 C18:1 C18:2 C18:3 C20 C20:3 C20:4 C24 C22:6 n.i. z ZINS ZSAT Z(D3 Z(Dﬁ Z(i)9 ob/o3
Q(Igl 166 121 54 51 118 13 18 100 762 22 13 118 51 91
Q(Igl 192 68 13 85 409 43 19 100 533 277 0 43 409 0
Qu2i 17.9 13 58 512 107 14 100 749 237 0 107 512 0
)
Q([gl 14 284 61 0.8 79 158 169 22 6.6 139 100 476 385 22 235 158 1l
Q(Igl 194 118 1 62 354 204 2.8 3100 686 284 0 204 354 0
Cr. podzolicus
C14:0 C14:1 C15:0 C15:1 C16:0 C16:1 C17:0 C17:1 C18:0 C18:1 C18:2 C18:3 C20 C20:3 C20:4 C24 C22:6 n.i. > YINS YSAT >Yo3 > o6 Yo9 ob/o3
Vl(2P§)20 1 284 38 93 406 142 17 1 100 603 387 17 142 406 81
Vl(1S5)20 12 11 196 119 1 28 442 129 36 17 100 736 247 36 129 442 41
V%?)ZO 1 0.3 298 36 0.3 1.1 385 108 1 36 100 539 425 1 108 385  10:1
VRS20 3 9 2 39 3 9 4 11 20 100 20 60 4 11 0 31
A)

Vl(?)zo 202 07 124 496 119 42 100 66.4 336 42 119 496 31
V?lf)35 1 1 207 92 1 9 47 9.1 1 1 100 663 327 0 101 47 0
VI:SS)‘?’S 0.7 16 14.2 2.5 38 545 71 12 100 783 20.5 0 71 545 0
Vl(1‘5()35 239 114 13 88 425 96 25 100 648 32.7 0 96 425 0
sz)"’s 2 354 102 107 265 92 29 31 100 508 46.1 0 121 265 0
V?S):&S 245 126 64 372 193 100 69.1 30.9 0 193 372 0
VI(}S)SS 1 0.6 30.1 4 03 9.5 39 139 16 100 585 415 16 139 3 9l
VR558 12 314 94 38 293 208 4l 100 63.6 364 41 208 293 5
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(S)
VRSS8 1 1 26.2 4 1 8.4 44 13.1 1.3 100 62.4 37.6 1.3 13.1 44 10:1
(Y)
VRSS8 2 41.5 11.5 1.5 4.5 14.5 24.5 100 22.5 53 45 14.5 1.5 3:1
(A)
Vg)ss 24.7 10.8 7 31.2 213 5 100 63.3 31.7 0 21.3 31.2 0
R. mucilaginosa
Cl4:0 Cl&1 CI50 CIs:1  Cl6:0 Cle:l  CI7:0  CI7:1  CI80 CI8:1 CI82 CI83 C20 C20:3 C20:4 C24 C22:6  ni Y  JINS YSAT Ye3 Y6 Y09  obt/e3
Vlé?) 43 13 0.7 26.5 12 14 0.9 8.2 29.5 13.3 4 0.7 9.4 29 100 59 38.1 4 234 295 61
VRS43 12 23 4 516 8.6 8.8 L5 13 100 705 282 103 86 516 1:1
S)
Vg(5)43 15 25 2.1 2.1 44.1 19.5 34 12 L1 100 703 286 46 195 441 41
VR343 1 25.8 8.7 8.9 457 9.9 100 643 357 0 99 457 0
A)
VR343 23 5.7 486 18.9 38 100 713 28.7 38 189 486 511
(E)
C. pseudointermedia
Cl4:0 Cl&1  CI5:0 CI5:1 Cle:0  Cle:l  C17:0  CIT:1 CI8:0  CIs:1  CI8:2  CI8:3 €20 C20:3  C20:4 C24  C22:6  ni Y  YINS  YSAT Y03 Yo6 Yo9 6ol
VI(lPS)‘M 038 0.6 256 6.5 438 412 19 15 100 682 318 15 19 412 131
VI(QSS)M 16 25 46.6 17 24 1.6 9.2 6.4 52 43 9.5 3.1 59 100 287 65.4 43 147 6.4 31
VRS54 15 0.9 232 10.8 1 374 19.8 3.1 23 100 711 26.6 31 198 374 61
Y)
VRS54 1 325 7 1 1 75 27.6 12.3 1 46 45 100 535 42 1169 276 17:1
(A)
VR544 1 26 5.5 119 406 15 100 556 444 0 15 406 0
(E)
VR34S 14 1 275 6.4 25 402 17.4 36 100 64 324 0 174 402 0
(P)
VI({SS;‘S 12 29.7 43 55 325 19.7 59 12 100 636 36.4 59 209 325 31
VR4S 13 359 72 63 30 1.7 1.4 15 14 100 518 46.8 14 132 30 9:1
)
VR545 1 339 43 1 63 249 15.5 19 7.2 4 100 538 422 19 227 249 121
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(A)
VR34S 269 6 13 357 18.4 100 60.1 399 0 184 357 0
(E)

Yarrowia sp.

Cl40 Cl&1  CI5:0 CI151  Cl6:0  Cle:l  C17:0  CI7:1 CI80  CI8:1  CI$:22  CI8&:3 €20 C20:3 €204 €24  C2:6 ni. Y  YINS ISAT  Yo3 Yo6 Y09 o/l
VR546 16.6 122 35 534 122 21 100 778 20.1 0 122 534 0
(P)

VR546 12.1 10.7 33 2.9 63.6 74 100 85 15 0 74 636 0
S
VR346 178 13.4 41 517 1.1 19 100 762 219 0o 11 517 0
Y)
VRS546 24 299 48 7.7 11 7.9 45 10.6 212 100 388 40 45 185 1 41
(A)
VR546 13 18.7 11 117 498 12.6 34 14 100 669 3.1 34 126 498 4l
E)
R54
VR547 207 10.6 0.5 7.3 437 112 11 49 100 66 29.1 0 12 437 0
®)
VRS47 14 17.1 32 57.5 6.1 21 100 807 172 0 61 515 0
S
Vl(15)47 23 122 0.7 65 504 7.9 100 712 288 0 79 504 0
VR547 15 23 152 45 134 231 100 179 59 45 134 0 31
(A)
VR547 212 8.8 105 344 2 31 100 652 3438 0 2 344 0
(E)
VRST1 15.6 114 38 54.8 10.5 17 22 100 784 19.4 17105 548 61
®)
VRST1 127 12 13 63.7 9.1 12 100 861 127 0 91 637 0
S
R571
VRS7 17.6 13.6 52 503 12.1 12 100 76 28 0 121 503 0
Y)
R571
VR57 16.7 12.1 54 512 118 13 15 100 751 234 0o 118 512 0
(A)
VRST1 244 10.7 3.9 33 252 25 100 717 283 25 252 333 1ol
(E)

=) — = — =) — =) — =) — ~ e} e} - V) 7 [ )

i o g ¢ 2 2 £ £ &2 £ = £ 5 & £ § & ¢ w 2z I 3 5 3 g

3 3] 3) 3] 3 3 3] 3 3] 3) 3 3] o O $) b ) A A W W W ¢
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The strain R. mucilaginosa (VR543) presented the greatest variety of fatty acids when
peptone was provided as nitrogen source, indicating the preference for organic nitrogen
source and making possible the using of natural sources for stimulating the lipidic
accumulation. In this assay, is remarkable the accumulation of 9.4% of arachidonic acid - AA
(C20:4), by the omega-6 family. According to Hou (2008), the AA is used as precursor of
biomolecules involved in inflammatory response, reproductive functions, immunological
responses and arterial pressure regulation. However, its high costs and relative scarcity limits
its application, being necessary the research for alternative sources.

Hao et al. (2016) evaluated ways to optimizing the production of AA for Mortierella
alpina and verified that over-expressing the loci G6PD2 and ME2, by genetical manipulation,
is possible to increase this production, demonstrating the synergic activity of these genes in
the poly-unsaturated fatty acids production. In this work, a significant percentage of AA was
obtained without genetical manipulation, indicating the promising potential of VR543 to
produce AA demanding only adjusts in the nitrogen source.

Regarding to the production of oleic acid by R. mucilaginosa (VR543), the highest
relative abundance was obtained when using ammonium sulfate. Besides this, relative
abundance of C18:2 was decreased and C18:3 was increased. These are remarkable results
because C18:2 is by the omega-3 family, while 18:3 is by omega-6 family.

Other fatty acids obtained in low percentage were di-homo-y-linolenic acid (C20:3)
and docosa-hexaenoic acid (C22:6), respectively from omega-3 and omega-6 family. Khot
and Ghosh (2017) verified the potential for biodiesel production using a strain of R.
mucilaginosa using xylose from sugarcane bagasse as carbon source and yeast extract and
ammonium sulfate as nitrogen source. These authors observed a high relative abundance of
mono-unsaturated fatty acids (35-55%, 18:1 and 16:1), applicable to best quality ignition,
oxidative stability and flow properties in low temperature for biodiesel.

The strains of C. pseudointermedia VR544 (S), VR544 (A), VR545 (Y) and VR545
(A) produced mostly C16:0. VR544 (S) produced significant C20:4 percentage (9.5%),
reduced C18:2 percentage and C24:0 production. The latter was not produced for this species
in the other experiments. Rosa et al. (2014) found that the fatty acid profile by C. zeylanoides
QU 33, using different nitrogen sources, was mainly composed of:oleic acid (C18:1),
followed by linoleic acid (C18:2), palmitic acid (C16:0) and a-linolenic acid (C18:3). The
authors also observed the presence of medium chain saturated fatty acids such as myristic acid
(C14:0) and pentadecanoic acid (C15:0) at low concentrations in organic media, which differs
from the present study which found medium chain acids when ammonium sulfate was
provided as nitrogen source. Furthermore, these authors did not report the occurrence of
C20:4 and C24:0.

The strains of Yarrowia sp. presented the same fatty acids profiles for all the nitrogen
sources evaluated, being produced mainly:palmitic acid, palmitoleic acid, heptadecanoic acid,
stearic acid, oleic acid, linoleic acid, docosaenoic acid and lignoceric acid. Papanikolao et al.
(2003), cultivating Y. lipolytica in medium composed of stearin (derived from animal fat),
glycerol and glucose, obtained mainly lauric (C12:0), miristic (C14:0) and palmitic (C16:0)
acids, profile close to cocoa butter.

In a review paper, Carsanba, Papanikolaou and Erten (2018) reinforce the necessity of
reduce the costs of process to increase the production of microbial oils, and endorse the
potential of Y. lipolytica, mainly because it capability to use different substrates, as
hydrophilic as hydrophobic, as acid as alkaline and high salinity culture medium. These
authors conclude that the subsequent efforts must to be concentrated in this specie because its
ability to grow in various culture conditions.

In this work, peptone was the nitrogen source that resulted in most diverse fatty acid
profile in most of the evaluated strains when using glucose as carbon source, being chosen as
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nitrogen supply to the other assays using rice husks hydrolysates. This result corroborates
with Rosa et al. (2014), that obtained highest YSCO yield when using peptone in a C:N ratio
of 200:1.

The most remarkable results in this work were: the production, by all the evaluated
genera, of di-homo-y-linolenic acid (C20:3) when using RHAH; the production by strains of
Yarrowia of lignoceric acid (C24:0), as wild-type, as positive control in RHAH and
arachidonic acid (C20:4) when using synthetic medium.

When comparing the fatty acids profiles of QU21, is remarkable the difference in the
percentages of oleic acid (C18:1) when using RHAH (15.8%), RHEH (35.4%) and glucose
(51.2%). Beside this, were observed the fatty acids C15:0, C15:1, C17:0 and C17:1 in all
substrates. This is an important result because, according to Sousa et al. (1998), fatty acids
with odd carbon number are rare, occurring only in little quantity in plants.

Palmitoleic acid (C16:1) is an unsaturated fatty acid omega 7, and has been reported as
efficient against obesity (Yang et al., 2011) and to prevent cardiac and cerebral disease
(Matsunaga et al., 1995). According to Schulze et al. (2014), fatty acids profiles rich in oleic
acid may be used to biodiesel production, palmitic and linolenic acid are applicable to using
in cosmetical industry, and palmitoleic acid is suitable to medical applications.

Rosa et al. (2014), studying C. zeylanoides QU 33, obtained low lipid accumulation
when compared to oleaginous strains, but even in this situation, the highest YSCO yield was
obtained when using peptone as nitrogen source, and stated that QU 33 may be used in future
as model organism to understand the metabolism of lipids in not oleaginous yeasts.

By this way, face to the advances of discovering new oleaginous species and strains,
new tools of genetic engineering may be developed as promotors, terminators, integration
sites, episomal vectors and systems based on CRISPR, necessary to increase the potential of
lipid production and fatty acids profiles of interest using different substrates. The
domestication of these newborn systems may to lead the industrial using of these new strains
for biochemical platforms (Yaguchi, Rives, Blenner, 2017).

4. Conclusion

This work evaluated the using of different nitrogen sources on the biomass and YSCO
production when glucose was provided as carbon source, allowing the selection of strains
with oleaginous potential. Regarding to the fatty acids profiles, is remarkable the production
of arachidonic acid (C20:4) by a wild-type strain of Rhodotorula mucilaginosa using not
optimized protocols. The using of rice husk enzymatic hydrolysate as substrate presented
results close to the using of glucose.

In all evaluated conditions, were obtained fatty acids applicable to biodiesel
production, medical and cosmetical industry. Subsequent efforts must to evaluate the
production of these fatty acids by these strains in enlarged scale, with special attention to the
use of rice husk enzymatic hydrolysate as substrate.
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Supplementary Material

Statistical analysis

Table 4 — Statiscial analysis of different nitrogen sources in medium composed of glucose as carbon
source.

Nitrogen source

Yeagts / Compound Peptone Ammonium sulfate Ammonium sulfate
Strains Vs Vs Vs
Yeast extract Yeast extract Peptone
Biomass 0 4.00E-04 0
QU21
YSCO 2.00E-04 0.9816 2.00E-04
Biomass 0 0 1.00E-04
CBS 1171
YSCO NO NO NO
Biomass 0.0013 0.9831 0.0015
VR 544
YSCO 0.1498 0.6622 0.0483
Biomass 0 0 1.00E-04
VR545
YSCO 0.0624 1.00E-04 4.00E-04
Biomass 0 0 0.0418
VR543
YSCO 1.00E-04 0.0536 6.00E-04
Biomass 0 0 0.2968
VR520
YSCO 0.278 0.6867 0.6867
Biomass 0 0 0
VR535
YSCO 0.0061 0.0134 0.7442
Biomass 0 0 0
VRS558
YSCO 0.0272 0.0588 0.8053
Biomass 0 1.00E-04 0
VR546
YSCO 0 0 0.9275
Biomass 0.0953 0 0
VR547
YSCO 8.00E-04 0.0101 0.0588
Biomass 0.9696 0 0
VR571
YSCO 0.1021 4.00E-04 0.0032

NO.

: Not observed, YSCO: Yeast Single-Cell Oil.



Table 5 — Statistical analysis when rice husks hydrolysates were provided as carbon source.
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Kind of hydrolysate

Yeasts / Strains Cox.npound RHAH RHEH P
> e
VRS20 B\?()Snéﬁs (1)983 08. 333 0.0(i 06
vRS3S Vsco 05 03 0120
VRS43 B\?()Sr?jaos S 202. 9737 106. 3087 3 .00(1)5-04
wow e
VR346 BSIKOSn(]Za(;S 0.01 0.41 0
VRST Vsco 002 oo )
vRSTI Vsco 001 006 2 00F-04

RHAH: Rice Husk Acid Hydrolysate; RHEH: Rice Husk Enzymatic Hydrolysate; YSCO: Yeast Single-Cell Oil
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4.1 NORMAS DA REVISTA BIOTECHNOLOGY ADVANCES

BIOTECHNOLOGY ADVANCES

Research Reviews

Biotechnology Advances is a review journal which considers all aspects of the
multidisciplinary field. The scope includes biotechnology principles and applications in
industry, agriculture, medicine, environmental concerns and regulatory issues. Authoritative
articles on current developments and future trends in biotechnology are empathized.
Submissions of appropriate manuscripts are invited. A wide audience of scientists, engineers
and others 1s addressed: students, instructors, researchers, practitioners, managers,
governments and related stakeholders. Special issues are published on selections of
presentations at recent relevant conferences as arranged with the organizations. Special
issues are also produced to review areas of biotechnology which are inadequately covered in

a focused and/or timely manner in regular issues, as arranged with invited guest editors.

The corresponding author should ensure that the text structure for section heading and
subheadings is correct.

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 review. Provide an adequate background of the review.

Results and discussion
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Include an appropriate amount of detailed surveys of the literature and other relevant
materials such as patents, reports and books, under various related sections and subsections
to address the review objectives.

Conclusions
The main conclusions of the review may be presented in a short Conclusions section,
which may stand alone.

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), Eq. (A.2), etc.; in a

subsequent appendix, Eq. (B.1) and so on.

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

o Author names and affiliations. Please clearly indicate the given name(s) and family
name(s) of each author and check that all names are accurately spelled. You can add your
name between parentheses in your own script behind the English transliteration. 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.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. This responsibility includes answering any
future queries about Methodology and Materials. Ensure that the e-mail address is given
and that contact details are kept up to date by the corresponding author.

e 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.

Highlights are optional yet highly encouraged for this journal, as they increase the
discoverability of your article via search engines. They consist of a short collection of bullet
points that capture the novel results of your research as well as new methods that were used

during the study (if any). Please have a look at the examples here: example Highlights.
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Highlights should be submitted in a separate editable 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).

A concise and factual abstract is required. 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.

Immediately after the abstract, provide a maximum of 10 keywords, 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.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:
Funding: This work was supported by the National Institutes of Health [grant numbers xxxx,
yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the
United States Institutes of Peace [grant number aaaal].
It is not necessary to include detailed descriptions on the program or type of grants and

awards. When funding is from a block grant or other resources available to a university,
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college, or other research institution, submit the name of the institute or organization that
provided the funding.

If no funding has been provided for the research, it is recommended to include the following
sentence:

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

Accession numbers are unique identifiers in bioinformatics allocated to nucleotide and
protein sequences to allow tracking of different versions of that sequence record and the
associated sequence in a data repository [e.g., databases at the National Center for
Biotechnical Information (NCBI) at the National Library of Medicine ('GenBank') and the
Worldwide Protein Data Bank]. There are different types of accession numbers in use based
on the type of sequence cited, each of which uses a different coding. Authors should
explicitly mention the type of accession number together with the actual number, bearing in
mind that an error in a letter or number can result in a dead link in the online version of the
article. Please use the following format: accession number type ID: xxxx (e.g., MMDB ID:
12345; PDB ID: 1TUP). Note that in the final version of the electronic copy, accession
numbers will be linked to the appropriate database, enabling readers to go directly to that
source from the article.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article.
Many word processors can build footnotes into the text, and this feature may be used.
Otherwise, please indicate the position of footnotes in the text and list the footnotes

themselves separately at the end of the article. Do not include footnotes in the Reference list.

General points

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

« Save text in illustrations as "graphics" or enclose the font

e Only use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol

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

 Use a logical naming convention for your artwork files.

e Provide captions to illustrations separately.

¢ Produce images near to the desired size of the printed version
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*Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
https://www_elsevier.com/artworkinstructions
You are urged to visit this site; some excerpts from the detailed information are given
here.
Formats
Regardless of the application used, 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: Vector
drawings. Embed the font or save the text as "graphics".
TIFF: color or grayscale photographs (halftones): always use a minimum of
300 dpi. TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.
TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is
required. DOC, XLS or PPT: If your electronic artwork is created in any of these Microsoft

Office applications please supply "as is".

Please do not: Supply embedded graphics in your wordprocessor (spreadsheet, presentation)
document Supply files that are optimized for screen use (like GIF, BMP, PICT, WPG); the
resolution is too low 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 online (e.g., ScienceDirect and other sites) in addition

to color reproduction in print. Further information on the preparation of electronic artwork.

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.
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Please submit tables as editable text and not as images. Tables can be placed either next to
the relevant text in the article, or on separate page(s) at the end. Number tables consecutively
in accordance with their appearance in the text and place any table notes below the table
body. Be sparing in the use of tables and ensure that the data presented in them do not
duplicate results described elsewhere in the article. Please avoid using vertical rules and

shading in table cells.

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.

Data references
This journal encourages you to cite underlying or relevant datasets in your manuscript by
citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add [dataset]
immediately before the reference so we can properly identify it as a data reference. The
[dataset] identifier will not appear in your published article.

Preprint references
Where a preprint has subsequently become available as a peer-reviewed publication, the
formal publication should be used as the reference. If there are preprints that are central to
your work or that cover crucial developments in the topic, but are not yet formally published,

these may be referenced. Preprints should be clearly marked as such, for example by
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including the word preprint, or the name of the preprint server, as part of the reference. The
preprint DOI should also be provided.

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 management software
Most Elsevier journals have their reference template available in many of the most popular
reference management software products. These include all products that support Citation

Style Language styles, such as Mendeley. Using citation plug-ins from these products,

authors only need to select the appropriate journal template when preparing their article, after
which citations and bibliographies will be automatically formatted in the journal's style. If no
template is yet available for this journal, please follow the format of the sample references
and citations as shown in this Guide. If you use reference management software, please

ensure that you remove all field codes before submitting the electronic manuscript. More

information on how to remove field codes from different reference management software.

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). Groups of references can be listed either
first alphabetically, then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999).... Or, as
demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...'
List: References should be arranged first alphabetically 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:

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. https://doi.org/10.1016/j.S¢.2010.00372.

Reference to a journal publication with an article number:


https://service.elsevier.com/app/answers/detail/a_id/26093/
https://service.elsevier.com/app/answers/detail/a_id/26093/
https://service.elsevier.com/app/answers/detail/a_id/26093/
https://www.mendeley.com/reference-management/reference-manager/
https://citationstyles.org/
https://citationstyles.org/
https://citationstyles.org/
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Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific article.
Heliyon. 19, €00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

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.

Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/ (accessed 13

March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for
Japanese oak wilt disease and surrounding forest compositions. Mendeley Data, vl.
https://doi.org/10.17632/ xwj98nb39r.1.
Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini,
G., Shelef, E., Lipnikov, K., Garimella, R., Xu, C., Moulton, D., Karra, S., Painter, S.,
Jafarov, E., & Molins, S., 2020. Advanced Terrestrial Simulator (ATS) v0.88 (Version 0.88).
Zenodo. https://doi.org/10.5281/ zenodo.3727209.

Journal abbreviation sources
Journal names should be abbreviated according to:
Index Medicus journal abbreviations:

http://www.nlm.nih.gov/tsd/serials/lji.html

List of serial title word abbreviations: http://www.issn.org/2-22661-LTWA-
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5 CONCLUSOES

Roraima permanece entre os maiores produtores de arroz irrigado do pais;

O volume de cascas resultante do beneficiamento do grao possui grande potencial para ser
utilizado na producao de novos produtos, agregando valor ao residuo gerado e contribuindo

para a qualidade ambiental,

A hidrélise acida de cascas de arroz é mais eficiente ao usar cascas intactas, liberando um
hidrolisado com concentracdo total de agucares redutores e rendimento proéximo a outros

substratos lignocelulosicos alternativos usados para fermentacao;

A hidrolise enzimdtica utilizada neste trabalho de pesquisa ¢ eficiente para obter um
hidrolisado com menor concentragdo total de aglicar redutor, mas com rendimento total de

acucares redutores proximo ao resultado de processos otimizados e com baixa toxidade;

Em condi¢des convencionais, as leveduras de linhagens selvagens do género Yarrowia
acumularam lipidios intracelulares com rendimento semelhantes ao rendimento lipidico de

leveduras oleaginosas;

Os perfis de acidos graxos de Rhodotorula mucilaginosa produziu acido araquidonico (C20:4)

utilizando protocolos nao otimizados;

Em condig¢Oes alternativas, a utilizacdo do hidrolisado enzimatico da casca de arroz como

substrato apresentou resultados proximos ao uso da glicose;

Em todas as condi¢des avaliadas, foram obtidos acidos graxos aplicaveis a producdo de

biodiesel, na industria médica e cosmética;

Deve-se estabelecer processos de hidrolise que podem ser usados ao lado das industrias de

processamento de arroz.

E por fim, novos estudos visando avaliar a produ¢ao desses acidos graxos por essas cepas em
escala ampliada, com atengdo especial ao uso do hidrolisado enziméatico da casca de arroz

como substrato devem ser considerados.
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