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RESUMO

A hidroélise enzimatica catalisada por lipases € uma alternativa bastante utilizada no
meio industrial, atuando em condicdes baixas de temperatura e pressdo, capaz de
obter produtos de grande valor. O 6leo residual de fritura € utilizado diversas vezes,
sdo transformados em residuo e o seu descarte inadequado pode causar danos
ambientais, como: além de provocar a danificacdo das tubulacdes domésticas e das
redes de tratamento de esgoto. Este estudo teve como objetivo estudar a hidrolise
enziméatica do 6leo residual de fritura em diferentes sistemas aguecimento: ultrassom,
convencional e micro-ondas, utilizando uma combinacdo de lipases: Burkholderia
cepacia (85%) e Pancreas de porco (15%) na sua forma livre e imobilizada ligacéo
covalente em suportes: Oxido de nidbio (ON), Quitosana (QUIT) e Polihidroxibutirato
(PHB), sob as condic¢des: razao molar 1:1 (6leo/solucdo de goma ardbica pH 7,0
tampao fosfato), em temperatura de 40°C, 100 W de poténcia, agitacdo de 600 rpm
por um periodo 6h de reacdo, as condi¢cdes foram estabelecidas de acordo com o
planejamento experimental de misturas das lipases, definido por estudos anteriores.
A fim de obter a maior eficiéncia de hidrélise do 6leo residual de fritura, primeiramente
foram realizados testes com as lipases em sua forma livre, no entanto foi observado
gue no sistema de micro-ondas teve um baixo rendimento na hidrolise (22,61%), em
comparacao com os demais sistemas: ultrassom (48%) e convencional (31,21%).
Com isso foram realizados os ensaios com as lipases LBC e LPP imobilizadas em
diferentes suportes: Oxido de niébio, Quitosana e Polihidroxibutirato, afim de avaliar a
sua eficiéncia na imobilizacdo ao serem utilizadas no processo de hidrélise neste
presente estudo, os resultados obtidos demonstraram que o suportes oxido de nidbio
e PHB apresentaram maior eficiéncia e que a utilizacao da lipases imobilizadas séo
mais viaveis. A imobilizacdo apresentou grande vantagem, onde as lipases foram

reutilizadas em até trés ciclos na reacdo de hidrélise.

Palavras-chave: Lipase Burkholderia cepacia; Lipases Pancreas de porco;
Imobilizagdo; Hidrdélise; Oleo residual de fritura; Oxido de nibbio;
Quitosana; Polihidroxibutirato.



ABSTRACT

The enzymatic hydrolysis catalyzed by lipases is an alternative widely used in the
industrial environment, acting in low temperature and pressure conditions, capable of
obtaining products of great value. Residual frying oil is used several times, they are
transformed into waste and their improper disposal can cause environmental damage,
such as: in addition to causing damage to domestic pipes and sewage treatment
networks. This study aimed to study the enzymatic hydrolysis of residual frying oil in
different heating systems: ultrasound, conventional and microwave, using a
combination of lipases: Burkholderia cepacia (85%) and pork pancreas (15%) in its
free and immobilized covalent bond on supports: Niobium oxide (ON), Chitosan (QUIT)
and Polyhydroxybutyrate (PHB), under the conditions: molar ratio 1:1 (oil/gum arabic
solution pH 7.0 phosphate buffer), in temperature of 40°C, 100 W of power, agitation
of 600 rpm for a period of 6h of reaction, the conditions were established according to
the experimental design of lipase mixtures, defined by previous studies. In order to
obtain the highest efficiency of hydrolysis of residual frying oil, tests were first carried
out with lipases in their free form, however it was observed that in the microwave
system it had a low hydrolysis yield (22.61%)., compared to the other systems:
ultrasound (48%) and conventional (31.21%). As a result, tests were carried out with
the lipases LBC and LPP immobilized on different supports: Niobium oxide, Chitosan
and Polyhydroxybutyrate, in order to evaluate their efficiency in immobilization when
used in the hydrolysis process in this present study, the results obtained showed that
the Niobium oxide and PHB supports showed greater efficiency and that the use of
immobilized lipases are more viable. The immobilization presented great advantage,

where the lipases were reused in up to three cycles in the hydrolysis reaction.

Keywords: Lipase de Burkholderia cepacea; Lipase Porcine pancreas; Immobilizat
Immobilization; Hydrolysis; Residual frying oil; niobium oxide;
Chitosan;Polyhydroxybutyrat.
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1.0  INTRODUCAO

Os Oleos vegetais podem ser extraidos a partir de sementes oleaginosas como,
soja, milho, girassol, algodao entre outros cereais (FORERO-HERNANDEZ et al.,
2020, p.1). A composicao quimica desses 0Oleos vegetais é formada por acidos graxos
saturados ou insaturados e glicerideos, compondo os triacilglicerideos, entre trés
acidos graxos e molécula do glicerol (RABELO et al., 2017, p. 24).

O 6leo de soja é o Gleo vegetal mais comumente utilizados, apresentando cor
levemente amarelada, limpida, com odor e sabor suave caracteristico, sendo bastante
utilizado como o6leo de cozinha para preparacdo de alimentos e setores industriais.
(LANDGRAF et al., 2020, p. 27). A composicdo quimica do 6leo de soja, apresenta em
média 55,3% de &cido linoleico, 23,6% de acido oleico, 12,7% &cido palmitico, 4,5%
acido linolénico e 3,9% estearico, visto que o 6leo de soja € rico em 6mega 3 e 6mega
6, uma gordura poli-insaturada. (JESUS et al., 2016, p. 158).

Os 0leos vegetais refinados para o consumo humano, sao caracterizados como
Oleo residual urbano e industrial, sendo utlizado com grande frequéncia em
restaurantes, domicilios, shopping, padaria, bares e industrias de alimentos
(STOCKER LAGO; ROCHA JUNIOR, 2016, p. 1438). A demanda mundial de 6leos
vegetais aumentou ao longo das ultimas décadas. (TEIXEIRA et al., 2021, p. 2), sendo
que em 2020/2021 atingiu cerca de 210 milhdes de toneladas, gerando altas
quantidades de 6leo residual (GUEDES JUNIOR et al., 2022, p. 1).

Entre as diversas aplicagcdes com o 6leo comercial, a mais utilizada é a fritura
de alimentos, onde ocorre um processo térmico em altas temperaturas, caracterizando
0 6leo utilizado como 6leo de fritura residual, composto por triglicerideos, acidos
graxos livres, agua, esterdis, fosfolipidios entre outras impurezas resultando na
degradacdao térmica comprometendo a sua estabilidade oxidativa (SILVA et al., 2021).
Ao passar por esse processo térmico repetidamente, sofrem alteracdes
indesejaveis, como a mudanca de cor e a viscosidade, formacdo de espuma.
(OLIVEIRA et al., 2022). A acdo do oxigénio nos Oleos vegetais, na presenca do calor,
resulta na formacdo de produtos indesejaveis como por exemplo radicais livres
volateis e ndo volateis, peroxidos e acidos diendicos (SILVA et al., 2021, p. 38).
Essas transformacdes indesejaveis, inviabilizam a continuidade de utilizagao

do 6leo para fins alimenticios, diminuindo a sua qualidade nutricional devido aos
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produtos de degradacdo (ROSSI et al.,, 2018, p. 2.). Dessa maneira passa a ser
considerado um residuo problemético, no qual o descarte muitas vezes € de forma
incorreta, gerando impactos ambientais negativos, como 0 entupimento das
tubulacbes de tratamento de esgotos, poluicdo dos solos e o0 bloqueio da oxigenacao
da dgua (ROSA et al., 2020, p. 61).

Devido a problemética do descarte inadequado do Oleo residual, torna-se
importante buscar alternativas que possibilitam formas de reduzir, reutilizar e reciclar
residuos de frituras, proporcionando formacéo de novos produtos, com viabilidade de
valores agregados e ambientalmente correta (MA et al., 2021, p. 2).

Portanto, esses impactos negativos causados pelos 6leos residuais podem ser
minimizados tendo como alternativa a utilizacdo de enzimas hidroliticas (por exemplo,
as lipases), nas reacdes de hidrolise. Essa reacdo de hidrélise apresenta algumas
vantagens, podendo ocorrer em baixas temperaturas e pressao, nao havendo
formacdo de produtos indesejaveis, devido a alta seletividade dessas enzimas
(COSTA et al., 2018, p.1).

O processo de hidrélise enzimatica necessita de dois requisitos para operacao:
a formacao de interface 6leo/agua e a absor¢cédo da enzima nesta interface. Entretanto
quanto maior a interface, maior sera a quantidade de enzima absorvida, ocasionando
velocidades mais altas de hidrélise (MAROTTI et al., 2017, p. 1).

A hidrolise de 6leos vegetais ira produzir acidos graxos, diacilglicerideos,
monoacilglicerideos e glicerol livre, podendo ser utilizado em diversas aplicacdes
industriais, tais como, fabricacao de sabdes, agentes tensoativos e detergentes, além
de industrias alimenticias. Como os 6leos sédo substratos muito heterogéneos, a alta
especificidade e seletividade das lipases que serao utilizadas na reacao de hidrolise
vao resultar em produtos de melhor qualidade (ZHAO et al., 2022, p.2).

As lipases sdo uma classe de enzimas que catalisam a hidrolise de
triacilglicerideos (6leo/gordura) de cadeia longa, além disso, sdo enzimas de interface,
gue pela sua grande versatilidade ocupam uma posi¢cao de destaque devido ao seu
potencial biotecnolégico. As lipases geralmente sdo estaveis, com isso tém sido
utilizadas em diversos meios, como meios agquosos, solventes organicos, liquidos
idnicos, entre outros (CHOUDHURY; BHUNIA, 2015, p. 44).

Levando-se em consideracao a importancia do estudo dessa nova tecnologia,
este trabalho visa estudar novas alternativas na reacao de hidrélise do oOleo residual

de fritura, avaliando a eficiéncia com as lipases imobilizadas em diferentes tipos de
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suporte: Oxido de ni6bio, Quitosana e Polihidroxibutirato, em variados tipos de
sistemas de fontes de aquecimentos: micro-ondas, convencional e ultrassom,
utilizando as lipases comerciais Burkholderia cepacia (LBC) e Pancreas de porco
(LPP).

Nos ultimos anos, a técnica de imobilizacdo de lipases apresenta um grande
interesse como uma ferramenta para tratamento de efluentes industrias e comerciais,
a imobilizacdo € um processo de adesdo de moléculas enzimaticas em suportes, afim
de melhorar o desempenho das mesmas. (YAO et al., 2022, p. 2). Embora as enzimas
possam ser usadas em sua forma livre, a imobilizacdo pode melhorar algumas de suas
propriedades como: estabilidade seletividade especificidade, além de ser utilizada
para influenciar no aumento da atividade enzimética. (WANG et al., 2022, p. 2).

Existe varias técnica para imobilizacdo de lipases: como encapsulamento,
adsorcao, ligacao covalente e reticulacdo. (MIRZAEI; VALIZADEH; PAZHANG, 2022,
p. 307). A escolha do método de imobilizacéo ideal depende de alguns fatores entre a
interacdo com o suporte e a lipase (REN et al., 2021, p. 2).
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2.0 OBJETIVO PRINCIPAL

O presente estudo teve como objetivo avaliar alguns fatores
que podem favorecer no aumento do percentual da hidrolise enzimética para a
producdo de &cidos graxos livres que estdo presentes no 0Oleo residual de fritura
utilizando as lipases comerciais Burkholderia cepacia (LBC) e pancreas de porco

(LPP) na forma livre e imobilizada.

2.1 OBJETIVOS ESPECIFICOS

a) Avaliar a eficiéncia de diferentes tipos de suportes: Oxido de niébio (ON),
Quitosana (QUIT) e Polihidroxibutirato (PHB) ;

b) Avaliar a influéncia dos sistemas de aquecimento na reacdo: micro-ondas,

convencional e ultrassom:;

c) Avaliar a atividade hidrdlitica e eficiéncias das combilipases;

d) Avaliar a eficiéncia da reutilizacdo das lipases imobilizadas na reacéo;

e) Avaliar tempo de meio vida das lipases nos suportes.
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3.0 REVISAO LITERATURA / DESENVOLVIMENTO

3.1 CAPITULO1

O presente capitulo tem por objetivo apresentar, de forma sucinta, a
fundamentacdo tedrica necessaria ao desenvolvimento deste trabalho, incluindo
topicos sobre enzimas, lipases de uma forma geral e especificamente lipases
Burkholderia cepacia (LBC) e pancreas de porco (LPP); Substrato: 6leo residual de
fritura; reacdo de hidrolise enzimética; imobilizacdo de enzimas (lipases) e diferentes
tipos de suportes (Quitosana, Polihidroxibutirato e Oxido de Ni6bio).

3.2 ENZIMAS COMO CATALISADORES

As enzimas sao catalisadores biolégicos macromoleculares de natureza
predominantemente proteica, uma vez que reac¢des catalisadas por RNA sdo também
possiveis. Sua acdo € semelhante a dos catalisadores inorganicos, onde ha uma
reducdo da energia de ativacdo dos processos em que ocorram quaisquer alteracoes
do equilibrio termodindmico e sem que elas sejam consumidas nas reacdes quimicas
envolvidas. A principal diferenca de temperaturas e atuacédo entre os catalisadores
inorganicos e as enzimas esta na sua especificidade frente aos sitios ativos presentes
no substrato (moléculas nas quais a enzima atuard). As enzimas podem ainda ser
temporariamente modificadas por inibidores e ativadores, que sdo compostos que se
ligam ao sitio ativo da enzima, ou do substrato, ocasionando a reducdo e
intensificacdo da sua atividade, respectivamente. O complexo enzima-substrato € o
coracdo da reacdo enzimatica, sendo utilizado como base para o desenvolvimento
dos modelos cinéticos para estudo do seu comportamento cinético e descricdo dos
mecanismos das reacdes envolvidas (VARANDAS et al., 2018, p.1-2).

Portanto, as enzimas sao uma classe de moléculas que atuam em uma
variedade de processos bioquimicos celulares, apresentando algumas vantagens, tais
como, alta eficiéncia catalitica, especificidade, condicbes moderadas (pH,
temperatura, solventes, forca i6nica) (ORTIZ et al.,, 2019, p.1). Além disso, outra
vantagem da utilizacdo de enzimas como biocatalisadores, a reducdo do tempo e
numeros de etapas das reacdes (GARRIDO; BISPO; SILVA, et al., 2018, p.1).

Com tudo, entre as varias funcdes das enzimas, também estdo sendo utilizadas

no tratamento de residuos e efluentes, desempenhando um papel importante na
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degradacédo da matéria organica obtendo novos produtos (QUEIROZ; SOUSA, 2020,
p. 51850).

Podem ser obtidas a partir de diferentes fontes como vegetais, animais e
microbianas, e industrialmente, as enzimas séo aplicadas na producado, conservacao
e modificacdo de produtos (animais ou vegetais e seus derivados), bem como na
producdo de medicamentos, cosméticos, téxtil, alimentos e bebidas (SILVA et al.,
2018, p. 1-2).

As enzimas foram divididas em seis classes, de acordo com o tipo de reacéo
realizada por elas. Dentre essas classes, destacam-se as lipases, que sé&o
biocatalisadores, apresentando caracteristicas que fazem com sejam extremamente
atraentes para aplicacdes biotecnolégicas (SILVEIRA; ROCHA; BENASSI, 2021, p.1).

3.3 LIPASES

As lipases (triacilglicerideos acilhidrolase EC 3.1.1.3) sdo uma classe de
enzimas com capacidade de hidrolisar triacilglicerideos insolGveis na interface entre
substrato e &gua, resultando em acidos graxos livres e glicerol, além de
monoacilglicerol e diacilglicerol. Além de suas propriedades hidroliticas, as lipases tém
sido um grande interesse em processos biocataliticos, pela sua capacidade de
catalisar ampla reagcbes (SHUAI et al., 2016, p.2).

E importante ressaltar também que estas enzimas possuem a capacidade de
catalisar varios outros tipos de biotransformacBes como reacdes inversas de
interesterificacdo e transesterificacdo em condicfes de baixo teor de agua (SALIHU
et al., 2011, p. 66). Entretanto, as lipases sdo consideradas solUveis em &gua,
podendo catalisar suas reacdes, em dois tipos de sistemas: meio aquoso e organico
(JAVED et al., 2018, p. 23).

As lipases estdo entre o0s biocatalisadores mais valorizados na area da
biotecnologia com grande importancia (TAVARES FILHO et al., 2015, p. 1). Ja é
utilizada em diversos setores industriais: alimenticia, farmacéutica, quimica,
detergentes, tratamento efluentes e aguas residuais, biodiesel, entre outros (FERRAZ
et al., 2018).

Segundo Munhoz et al., (2020), as lipases podem ser produzidas por todos os
seres vivos, como, fungos, plantas e animais. As de origem vegetal sdo encontradas

em grandes concentragfes, em latex, frutos, folhas ou sementes. Ja as
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de origem animal sdo adquiridas de bezerros ou suinos, e tem alta influéncia comercial
e industrial. As microbianas s&o obtidas a partir de processo industrial, sao divididas
em dois processos: fermentativo, separacéo e recuperacéo das enzimas. No presente
estudo podemos citar duas lipases de diferentes fontes, Burkholderia cepacia (LBC) e

Pancreas de porco (LPP).

3.4  LIPASES DE BURKHOLDERIA CEPACIA (LBC) E PANCREAS DE PORCO
(LPP)

A Lipase de Burkholderia cepacia (LBC) (anteriormente denominada por
Pseudomonas cepacia) recebe destaque na aplicacao industrial por realizar a catalise
em ambos 0S meios aquosos e nao aquosos (ABDULLA e RAVINDRA, 2013, p. 1).

As lipases oriundas de Burkholderia possuem como caracteristicas: boa
estabilidade a alta alcalinidade; estabilidade térmica; tolerancia a solventes organicos;
enantiosselectividade; atividade enzimatica em diferentes pH; e ndo toxicidade ao
ambiente (LAU et al., 2011, p. 7003). Outras vantagens sdo sua boa atividade
catalitica em diferentes substratos bem como sua solubilidade parcial (SHOW et al.,
2013, p. 112)).

A lipase de Burkholderia cepacia (LBC) € uma enzima extracelular que pode
ser amplamente utilizada para o controle biolégico de doencas em plantas e a
biodegradacdo de poluentes ambientais. E frequentemente usada como
biocatalisador em vérias biotransformacgées (LI et al., 2013; HU et al., 2012). Tendo
em vista as observacdes anteriormente mencionadas, o presente trabalho teve por
objetivo estudar a producdo de lipase produzida por Burkholderia cepacia em
diferentes condicBes de cultivo.

A lipase LBC é soluvel em agua, podendo ser encontrada em duas formas, livre
e imobilizada, conhecida pela tolerancia de alto nimero de solventes e alcoois de
cadeia curta. Além disso, a lipase LBC apresenta algumas caracteristicas otimas
como estabilidade, alcalinidade, estabilidade térmica, seletividade e trabalha em
diferentes pHs (DEPOORTER et al., 2016, p. 5215).

A lipase pancreatica de porco (LPP) € a preparacdo de lipase mais barata
comercialmente disponivel, o que é recomendado para processos de sinteses em que
0 custo é considerado como fator critico (MENDES; OLIVEIRA; DE CASTRO, 2012;

PAULA et al., 2007). E considerada uma das lipases mais promissoras na resolucéo
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de alcoois racémicos e acidos carboxilicos por meio da hidrdlise enantiosseletiva dos
ésteres correspondentes (MIURA et al., 2008).

Também tem sido utilizada na hidrdlise regiosseletiva (BAGI; SIMON; SZAJANI,
1997), pré-tratamento de aguas residuais ricas em lipidios (MASSE; KENNEDY;
CHOU, 2001) e sua aplicagdo em meios organicos envolve a sintese de sabores e
fragrancias (GOGOI et al., 2006; OZYILMAZ; GEZER, 2010), biodiesel (MOREIRA et
al.,, 2007; YESILOGLU, 2004), produtos farmacéuticos (ZHENG et al., 2011),
emulsificantes e cosméticos (PAULA et al., 2007; PLOU et al., 1996). Sua estrutura é
composta por uma cadeia de 449 aminoacidos, com peso molecular de 50 — 52 KDa
(SUO et al., 2018).

A lipase LPP possui dois principais fatores que influencia na sua atividade, tais
como, pH 6timo de atuacdo em meio alcalino, na faixa de 7,3 a 9,0 e a temperatura
na faixa de 35°C a 45°C, ao contrario da LBC essa lipase hidrolisa apenas na posicéo
1,3 de triacilglicerideos. (TAVARES et al., 2018, p. 255).

3.5 SUBSTRATO: OLEO RESIDUAL DE FRITURA

O dleo de fritura residual € proveniente do consumo humano, sendo gerado
diariamente em diversos estabelecimentos, onde muitas vezes € descartado
incorretamente, considerado altamente poluidor, gerando impactos ambientais, como
contaminacgao do solo e da agua, apresentando dificuldade de degradacéo pela baixa
solubilidade e densidade (ANTUNES, 2018, p. 97). Os o6leos de frituras residuas,
caracterizam por uma variacao significativa na quantidade de 4gua, materiais sélidos,
composto polares e acido graxos livres de acordo com as condi¢des operacionais as
guais foram submetidas. (CASTRO et al., 2018, p. 48).

O processo de fritura € um dos procedimentos mais antigos no preparo de
alimentos, sendo o 6leo de soja um dos mais utilizados nesse processo, em virtude
do seu menor custo. A utilizacdo do 6leo na preparacdo de alimentos, depois de um
tempo deve ser descartado, como consequéncia dessa reagcdo as propriedades
sensoriais sao alteradas, sendo inviavel para o consumo (DEHGHANNYA; NGADI,
2021, p. 786-).

Segundo Silvia e Almeida (2015), o descarte inadequado desse residuo ocorre
muitas vezes por falta de conhecimento da sociedade, devido a pouca divulgacao

sobre o impacto que pode ocorrer ao meio ambiente. Deve informa a populagao quais
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tipos de providencias o consumidor deve tomar para o descarte adequado, também a
falta de regulamentacao e fiscalizacao, influenciando a sociedade e industrias fazem
o descarte inadequado, como, lancando em rios, pias e redes de esgoto sanitario.

O reaproveitamento do 6leo de fritura residual € uma alternativa viavel, além de
contribuir para o meio ambiente, ainda possibilita a obtencao de produtos que podem
ser utilizados em diversos setores (ZHANG,; LIU; FAN, 2020, p. 1). Portanto a reacao
de hidrolise enziméticas de Oleos residuais pode ser uma alternativa promissora,

garantindo a reciclagem e influenciando sustentabilidade econémica e ambiental.

3.6 FATORES QUE INTERFEREM NA REACAO DE HIDROLISE ENZIMATICA

O processo de hidrélise enzimética necessita de dois requisitos para a
operacdo: a formacao de uma interface lipideo/agua e a absorcdo da enzima nesta
interface. A hidrdlise enzimatica utilizando o 6leo como substrato catalisado por
lipases, ocorre na interface agua- 6leo, na qual as ligacfes de éster dos triglicOerideos
sdo quebradas, gerando produtos como, acidos graxos livres, monoacilglicerol e
diacilglicerol e glicerol, sendo uma alternativa de grande importancia no meio industrial
entre setores farmacéuticos, cosméticos, alimenticios e téxtil (TAVARES, 2021, p.1).

Diferentes parametros podem influenciar o desempenho da hidrélise de 6leos
e gorduras e, consequentemente, diversas técnicas tém sido utilizadas para aumentar
a taxa de hidrolise usando lipases como catalisadores. Com isso existe muitos estudos
gue apresentam os fatores principais que afetam a reacao de hidrolise enzimatica, tais
como, relacéo fase aquosal/fase oleosa; influéncia do tipo de agente emulsificante na
cinética do processo, temperatura e o efeito da agitacdo na taxa de reacdo, em virtude
da adsorcao-dessorcao da lipase na interface (GU et al., 2022, p. 1).

Assim a utilizagdo da reagdo de hidrdlise enzimética apresenta grandes
vantagens, podendo ocorrer em baixas temperaturas e pressdes, ndo havendo
formacéao de produtos indesejados, devido a alta seletividade das enzimas (COSTA et
al., 2018, p. 1).

3.7 IMOBILIZACAO DE LIPASES

A imobilizacdo de enzimas abriu novos e promissores campos de atuacao,

entre eles, sua aplicagdo como catalisadores industriais de elevada eficiéncia. A alta
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especificidade e possibilidade de reuso tém permitido a gradual substituicdo de
catalisadores convencionais. Portanto, a imobilizacdo enzimatica consiste no
confinamento fisico da enzima sobre um suporte por meio de sua adsorcéo fisica, ou
ligacdo covalente, retendo sua atividade catalitica e permitindo seu reuso
(VARANDAS et al., 2018, p. 2).

A imobilizagdo de enzimas tem sido 35considerada um processo eficaz
apresentando melhorias, como a estabilidade, especificidade e seletividade. Além
disso essa técnica facilita a separacao dos produtos, possibilitando a sua reutilizagéo,
gerando menor custo no processo. (WANG et al., 2021, p. 240).

Contudo, as lipases podem ser imobilizadas em diferentes tipos de suportes
classificados como organicos ou inorganicos possuindo graus de porosidades
variados, entre outras caracteristicas. Os suportes inorganicos estdo entre 6xidos
inorganicos, silica, vidro de porosidade, minerais ou materiais a base de carbono,
representando uma étima estabilidade térmica e resisténcia mecéanica. Ja os suportes
organicos sao de origem natural ou sintético, como carboidratos, albumina, gelatina e
quitosana, caracterizam pela biocompatibilidade e biogradabilidade, considerados néao
toxidade (SHELDON et al., 2021, p. 5850).

3.8 SUPORTES PARA IMOBILIZACAO DE ENZIMAS

Existe varios tipos de suporte para a imobilizacao, aplicavel para maioria das
enzimas. (MELO et al., 2017, p. 2). A escolha do tipo de suporte, depende da
peculiaridade e fins de utilizacdo, dessa maneira um bom suporte deve permitir
estabilidade fisica, quimica e biolégica durante a imobilizacdo (CARVALHO; LIMA;
SOARES, 2015).

Contudo, as enzimas podem ser ligadas diretamente a um suporte solido ou
fisicamente confinadas em uma matriz, e os suportes podem ser considerados viaveis
para os métodos de imobilizacdo de acordo com o tipo de interacdo pela ligagdo da
enzima no suporte poroso ou ndo poroso (CARVALHO; LIMA; SOARES, 2015).

Dessa forma, varios materiais vém sendo utilizados como suportes, sendo que
no presente estudo foram utilizados o Polihidroxibutirato (PHB), a Quitosana (QUIT) e
o Oxido de niébio (ON), para a imobilizacdo das enzimas Burkholderia cepacia e
Pancreas de porco.

Entre todas as matrizes inorganicas estudadas, o 6xido de nidbio (ON) vem
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apresentando resultados eficientes no estudo de imobilizacéo de lipase, esse tipo de
suporte € utilizado em vérios tipos de reacbes como: esterificacdo, hidrdlise e
condensacdo, entre outros. Podendo aumentar acentuadamente a atividade catalitica
e prolongam a vida do catalisador mesmo adicionando em pequenas quantidades
(LOPES et al., 2015, p. 106).

O nidbio é um metal de transi¢do, possuindo algumas caracteristicas como:
refratario, e Z = 41. Seu principal uso € como matéria-prima na fabricagédo de ligas de
aco para a producéo de tubos condutores de fluidos. Sua aplicacdo tem aumentado
em razao da versatilidade, vantagens econdmicas e disponibilidade de suprimento a
longo prazo deste metal (ROCHA et al., 2020, p. 122-123).

Entre diversos materiais orgéanicos utilizados para suportes na imobilizagéo,
destaca-se a quitosana (QUIT) que apresenta algumas vantagens devidos as
propriedades como, ndo toxicidade, biodegradabilidade e biocompatibilidade, além
disso é considerada um suporte promissor devido a presenca de varios grupos
reativos, capazes de reagir com um alto numero de agentes ativadores imobilizac&o
enzimatica (RAFIEE; REZAEE, 2021).

Devido essas propriedades alguns estudos apresentaram que a quitosana
pode ser aplicada como suporte em diferentes tipos como, hidrogéis, membranas e
principalmente na sua forma em esferas, devido sua interacdo na superficie de contato
(SHANKAR et al.,2020).

O polihidroxibutirato (PHB) é considerado macromolécula organica, podendo
ser utilizado como biomaterial biodegradavel e termoplastico. Esse material é obtido
por uma variedade de microrganismos (BINHAYEEDING et al., 2020). Alguns estudos
mostram que o PHB pode servir para a suporte de imobilizacdo de enzimas devido
suas vantagens como biocompatibilidade, biodegrabilidade, facil reabsorgéo
(BIANCO; PADILHA; CORREA, 2019).

Diversos tipos de imobilizacdo sao classificados pelo tipo de ligagdo e
interagc&o: covalente, reticulacéo, adsorcéo, aprisionamento e encapsulamento (REIS
et al., 2019) (FIGURA 1).
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Figura 1 - Esquema dos métodos de imobilizagdo de enzimas: confinamento,
encapsulacgdo, adsorcao (via troca ibnica), ligacdo covalente e reticulacéo.

Confinamento Encapsulagdo

Ligagao covalente Reticulagao

~_ Grupo reativo

3 Grupo nucleofilico

Fonte: Modificada de Fernandez-Fernandez et al. (2013).

N&o existe um método ou suporte de imobilizacdo Unico aplicavel a todas as
enzimas e suas varias aplicacbes. Isso se deve as diferentes caracteristicas fisico-
quimicas de cada enzima, as diferentes propriedades dos substratos e produtos e as
diversificadas aplicacdes dos produtos obtidos. Além disso, todos os métodos
apresentam vantagens e limitagdes. A selecdo do método de imobilizacdo deve ser
baseada em parametros como: atividade global do biocatalisador, caracteristicas de
regeneracao e inativagdo, custo do procedimento de imobilizacdo, toxicidade dos
reagentes de imobilizacdo, estabilidade operacional, propriedades hidrodinamicas e
caracteristicas finais desejadas para a enzima imobilizada. (REIS et al., 2019).

Neste trabalho, uma énfase maior serd dada ao método de imobilizacdo por
ligacdo covalente. A imobilizagao por ligacao covalente consiste na ligagdo da enzima
ao suporte por ligacdes covalentes. A forca dessa ligacdo é elevada e normalmente
envolve varios residuos da enzima, proporcionando uma grande rigidez na sua
estrutura. Essa rigidez pode manter a estrutura da enzima inalterada perante agentes
desnaturantes como calor, solventes organicos, pH extremos e outros. (REN et al.,
2021).

Dentre os métodos de imobilizacdo disponiveis, a ligacdo covalente € o mais

efetivo em termos de estabilizacdo térmica e operacional das enzimas.

Os protocolos para a imobilizagdo covalente da enzima frequentemente se
iniciam com a modificagdo da superficie do suporte por meio de reacdes de ativacao,
na qual os grupos funcionais do suporte sdo modificados para produzir intermediarios
reativos. (SU et al., 2021).
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Geralmente, o glutaraldeido é uma molécula mais empregados na ativacao de
suportes e/ou como brago espacador, devido a simplicidade dos métodos de ativacao
e obtencao de preparacdes enziméticas ativas e estaveis. Nesse caso, a molécula de
glutaraldeido reage com o suporte e a enzima, e estas sdo imobilizadas
covalentemente no suporte por reagdo com seus grupos aminos (a-NH2 da cadeia
terminal, e-NH2 da lisina e/ou NH2 proveniente de aminag¢@o quimica), que se ligam
aos grupos aldeidos do suporte, formando as bases de Schiff. (MENDES; CASTRO;
GIORDANO, 2013; DARIFF, 2021).
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40 CAPITULO 2 - ARTIGO SUBMETIDO

Evaluation of different heating sources in the hydrolysis reaction rate of residual
frying oil catalyzed by free and immobilized lipase
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Abstract: The growing demand for residual cooking oil is being generated with high frequency in various
sectors, where it is often improperly disposed of, causing serious environmental problems. However, another
widely used alternative is the use of lipases in enzymatic hydrolysis, since it has been very attractive for
several sectors, allowing the use of products generated from this reaction, such as: free fatty acids,
diacylglycerols, monoacylglycerols and free glycerol, besides presenting advantages in operating in mild
conditions of temperatures and pressure. The present study aimed to evaluate alternatives for hydrolysis
reaction of residual frying oil by evaluating the efficiency of different types of supports and different types of
heating systems, using the free and immobilized forms of lipase from Burkholderia cepacia (BCL) and Porcine
pancreas (PPL) as a biocatalyst. Polyhydroxybutyrate (PHB), niobium oxide (Nb2Os) and chitosan (CHIT)
were evaluated as support for immobilization of BCL and PPL lipases, with the results of hydrolytic activity
superior to the immobilization derivatives with PHB and Nb.Os. Among the heating systems evaluated, the
highest percentage of hydrolysis of residual oil was obtained in the ultrasound system for both free lipases
and immobilized lipases, reaching 57.91% hydrolysis for lipases immobilized in Nb.Os and 61.11% hydrolysis
for the derivative immobilized in PHB. The operational stability of both prepared biocatalysts was evaluated
with similar half-life time values for both.

Keywords: Residual cooking oil 1, Burkholderia cepacia lipase 2, Porcine pancreas lipase 3, Immaobilization
4, Hydrolysis 5.

1.0 INTRODUCTION

Vegetable oils are considered natural products and can be extracted from seeds, grains or plants, are
soluble in organic solvents and insoluble in water, consisting mainly of triacylglycerols formed from three fatty
acid molecules and a glycerol molecule [1].

Vegetable oil extracted from soybean (Glycine max) is the most commonly produced oil, being mostly
composed of linoleic acid, lecithin and a variety of vitamins [2]. This oil is widely used in food preparation,
mainly by frying method, in homes, restaurants, bakeries and food process industries, generating large
amounts of residual oil [3].

In the frying process, the oil is subjected to high temperatures, thus, when used repeatedly, multiple
reactions can occur such as the change in the composition of fatty acids, monoglycerides, diglycerides,
polymerization, hydrolysis, isomerization and oxidation causing unpleasant taste, foaming and change in
viscosity. The harmful compounds generated by the frying process makes the oil unsuitable for human
consumption, and may also cause environmental problems when discarded incorrectly [4].

With the growing demand for fried products and the inadequate disposal of residual oil, concerns arise
as to their destination [5]. In most cases, the final destination of residual oil generated annually in Brazil is
inadequate, causing serious environmental problems, such as clogging of sewage networks, direct
contamination of rivers, lakes and soils causing the death of fauna and flora and increased processes in
sewage treatment plants [6].

In this context, technological advances have been proposed to reduce, reuse and recycle residual
frying oil, in order to generate valuable products to be used in various sectors [7]. The possibility of recycling
residual oil is very attractive, based on the sustainability of biological resources, environmental protection
and economic considerations [8].

Lipases have the function of catalyzing hydrolysis reactions of fats and vegetable oils partial or total
of the triacylglycerols, generating free fatty acids, diacylglycerols, monoacylglycerols and glycerol, which can
be applied in various industrial sectors, such as food, pharmaceuticals, cosmetics, detergents, effluent
treatment, biodegradable polymers, biodiesel, among others [9]. The enzymatic hydrolysis reaction has
advantages and can be performed in lower temperature and pressure conditions by conventional chemical
route, being able to obtain high quality products with higher yields.

In addition, lipases can be used in their immobilized form allowing their reuse for new reactions.
Therefore, the use of lipases in their immobilized form is more advantageous due to their high thermal
stabilization, ease in their recovery at the end of the process reducing costs, improvement in catalytic activity
and specificity [10].

With everything, the importance of investigating new technology to recycle oil, this work aims to
investigate new alternatives for hydrolysis reaction of residual frying oil evaluating the efficiency of different
types of supports: niobium oxide, chitosan and polyhydroxybutyrate, in several types of systems: microwave,
conventional and ultrasonic, using free and immobilized forms of Burkholderia cepacia commercial lipase
(BCL) and Porcine pancreas (PPL).
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20 MATERIAL AND METHODS

2.1 Materials

Two commercial lipases Burkholderia cepacia and Porcine pancreas bought from Sigma-Aldrich (St.
Louis, MO, USA) in a crude form were used in this study. The residual frying oil was obtained at the university
restaurant of the Federal University of Alfenas, (UNIFAL-MG), from the frying of food. The oil was stored in
dark plastic containers, kept at a temperature of 20 °C for the preservation of its characteristics. All other
reagents were of analytical grade, including arabic gum, monobasic potassium phosphate, monobasic
sodium phosphate, bibasic sodium phosphate, both acquired from Dinamica company®, sodium hydroxide,
70% ethyl alcohol (Vetec®); acetone (Neon®); phenolphthalein (Cinética®), Hexane, Nitric Acid,
Polyhydroxybutyrate (PHB), y aminopropiltrietoxylan (y -APTS), Polyethylene Glycol (PEG), Glutaraldehyde
25%, Potassium Biftalate, Olive Oil (Carbonell).

2.2 Synthesis of the supports

Three supports for immobilization of BCL and PPL lipases were tested: niobium oxide, kindly given
by the Brazilian Metallurgy and Mining Company-CBMM and by the Chemistry Department of the Federal
Technological University of Parana, Campus Pato Branco/PR, Chitosan in natura and polyhydroxybutyrate
(PHB) kindly provided by the Federal University of Ceara.

The commercial niobium oxide support was prepared according to the methodology described by Da
SILVA[11]. Initially, the material was pretreated by immersion in nitric acid solution (HNOzat 1 %) and heated
to 75 °C under agitation for 1 h. Subsequently, the material was filtered and washed with distilled water until
neutral pH was obtained. The support was taken to kiln drying at a temperature of 105 °C for 24 h. Then,
pretreated niobium oxide was activated involving two steps: silaneization of the support with trietoxylan y-
aminopropil (y-APTS at 0,5 % v/v) solution and activation of the support with glutaraldehyde solution (GA at
2.5 % in hydrogen phosphate buffer 0.1 mol L2, pH 8).

The chitosan hydrogel (CHIT) support was prepared according to the methodology described by
Mendes [12]. For each gram of chitosan powder, 20 mL of glacial acetic acid 5% (v/v) was used under a
mechanical agitation of 1000 rpm at 25 °C. The solution was dripped in NaOH 0.5 mol L in the ratio 1:10
support: NaOH, under agitation of 100 rpm at 25 °C for approximately 15 h. Then, the suspension was filtered,
thoroughly washed with distilled water and stored in 70% (v/v) ethanol solution at 4 °C. Subsequently,
chitosan hydrogel was activated with glutaraldehyde 2.5% (v/v) under agitation of 200 rpm at 25 °C for 1 h.

The preparation of polyhydroxybutyrate (PHB) support was based on the adapted methodology of
Binhayeeding [13], where PHB powder was immersed in anhydrous ethanol for 4 h followed by filtration. The
activation of this support was performed according to the activation steps of the niobium oxide support
described above.

2.3 Immobilization of lipases

The immobilization of lipases in the supports was performed according to the methodology described
by Da Silva [11], in which the activated support was immersed in hexane in a solid:liquid ratio of 1:10 and
kept under mild agitation for 2 h. Then, for each gram of activated support, 100 pyL of polyethylene glycol
solution 5 mg mL* (PEG-1500) and 250 mg lipase were added in its free form. The suspensions containing
enzyme and support were kept under agitation for 2 h, followed by static contact for an additional period of
18 h to 4 °C. Then the immobilized lipase was recovered by vacuum filtration and subjected to drying in a
desiccator.

The process of immobilization of lipases in the hydrogel support of chitosan was also carried out
according to the methodology described by Mendes [12], in which 9 mL of enzymatic solution was used for
each gram of support, at a concentration of 0.025 g mL™ of lipase. The mixture was kept under agitation of
200 rpm for 18 h followed by filtration, with distilled water washing and stored at 4 °C for 18 h.

24 Determination of enzyme activity

The enzymatic activity (U g*) was evaluated by the hydrolysis of olive oil emulsion at a fixed proportion
oil/water 1:1. One unit (U) of enzyme activity was defined as the amount of enzyme that liberates 1 ymol of
free fatty acid per min under the assay conditions. The results were expressed in activity units per gram of
free enzyme [14].
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25 Enzymatic hydrolysis of residual cooking oil catalyzed lipases

Hydrolysis reactions were conducted in different heating systems: conventional, ultrasound (Model
USC 1800-A Ultrasonic Cleaner (Unique)) and microwave irradiation (Discover/ University-Wave, Cem
Corporation model PN# CE-925SB235-SPB-PLUG), containing substrate consisting of a 1:2 oil/buffer
solution (0.1 mol L™, pH 7.0) and emulsifier. The reactions conducted under conventional heating were
performed in 50 mL spherical glass reactor under mechanical stirring (500 rpm) at 40 °C for 4 h. The
ultrasound heating reactions were performed under the same temperature and time conditions, with a power
of 100 W. Experiments carried out in the microwave reactor were maintained in a 100 mL spherical glass
reactor, coupled with reflux condenser and magnetic agitation at 200 rpm.

The proportions of biocatalysts were defined from the work developed by Souza [15], in which a

mixture planning was used to optimize the proportion of each biocatalyst in the process. Thus, the best-
established condition was 85% of BCL lipase and 15% of PPL.
In order to investigate the hydrolysis kinetic behavior, 0.1 g aliquot samples were taken at various time
intervals and analyzed by titration according to Da R6s [16]. The hydrolysis percentage (%) was calculated
by equation 1. Hydrolysis (%) is defined as the percentage weight of free fatty acids in the sample divided by
its maximum theoretical amount. ROONEY AND WEATHERLEY [17].

Vikon XMgon X MW
W xf
Where: Vkon is the volume of potassium hydroxide solution (KOH) required during titration; Mkon is the KOH

molarity (0.0483 mol L); Mi5 the average molecular weight of fatty acids (g mol™); W is the weight of the
sample taken; and f is the fraction of oil at start of reaction.

Hydrolysis (%) = x 100 @

2.6 Recovery of immobilized lipase

The immobilized lipases, resulting at the end of each reaction, were separated from the reaction
medium and recovered by filtration and washing with hexane in the Buchner funnel. Then, the biocatalyst
was kept in a desiccator for 2 h and stored at 4 °C for later use in hydrolysis reactions.

2.7 Operational stability of biocatalysts

After the definition of the best heating system for conduction of reactions, the operational stability of
the immobilized systems was verified in hydrolysis reactions of the fried residual oil in consecutive batches
with reuse of the immobilized system. Hydrolysis reactions were performed using the same operating
conditions described in the hydrolysis process of residual frying oil. Between batches, immobilized lipase was
washed and filtered with hexane for 3 h for removal of the reagents and/or products eventually retained in
the support. After this period, the recovered lipase was reused in another batch with the substrate at the
same concentration as the initial reaction.

3.0 RESULTS

31 Hydrolytic activity of lipases in their free and immobilized form
Table 1 presents the results performed by the hydrolytic activities of BCL and PPL lipases in their free
and immobilized form in the different supports: niobium oxide (Nb2Os), polyhydroxybutyrate (PHB) and

chitosan (CHIT), using the hydrolysis method of olive oil.

Table 1. Hydrolytic Activities Of Bcl And Ppl Lipases In Their Free Form And Immobilized In The
Supports: Nb205, Phb, Chit.

Hydrolytic Activity (U/Q)

Biocatalyst
Enzyme Free  Nb20s PHB CHIT
BCL 8020.07 1428.50 1122.37 61.07
PPL 1201.06 798.70 205.31 48.66

The results presented in Table 1 indicated that BCL lipase of microbial origin presented higher
hydrolytic activity (8020.07 U/g), compared with PPL lipase of animal origin (1201.06 U/g), both in its free
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form. According to the literature, there are some factors that differentiate the two sources of lipases, which
may explain these results.

The high activity of lipases from Burkholderia cepacia is due to the fact that they do not present
regiospecificity, that is, they have the ability to hydrolyse in any position the fatty acids of triacylglycerols [18].
Another relevant factor of BCL is its high thermal stability. According to studies conducted by SANCHEZ;
TONETTO; FERREIRA [19], the results showed that BCL lipases at temperatures of 40 - 60°C do not
denature, and can be applied in processes such as hydrolysis of soybean oil at temperatures lower than
those applied in traditional commercial processes. On the other hand, PPL lipase can present optimum
temperature of performance between 40 - 45°C [20], being a soluble enzyme secreted by the Porcine
pancreas. In addition, another characteristic of PPL lipase is to hydrolyse only the fatty acids of triglyceride
positions 1,3 [21]. Thus, both lipases evaluated could be applied as combilipases (lipase mixture) in residual
oil hydrolysis reactions in the same temperature range in later stages.

When analyzing the results of lipase activity in their immobilized form (Table 1), the most expressive
values of hydrolytic activity were also achieved by BCL lipase immobilized in the Nb.Os (1428.50 U/g) and
PHB (1122.37 U/g) supports, when compared to chitosan immobilization, which obtained lower results (61.07
U/g). Thus, in view of this lower result, the lipases immobilized with chitosan support were not applied in the
hydrolysis tests of residual oil, since the low activity value would not present efficiency in the percentage of
hydrolysis. Despite the wide variety of immobilization methods, no method can be applied to all enzymes
efficiently, that is, this is due to the fact that there is a heterogeneity between enzymes, in relation to the
composition and conformation of their structure, substrate and product properties, and reaction medium [22].

Regarding the immobilization of immobilized PPL lipase in the two supported supports, the results
were lower than those presented by BCL immobilized in the same supports, reaching Nb.Os (798.70 U/qg),
PHB (205.31U/g) and CHIT (48.66 U/g). In addition to the lower hydrolytic activity of PPL in its free form, it
should be considered that when a portion of the lipases are immobilized, the support is immobilized in such
a way that its active site is less accessible to the substrate, and consequently its reaction activity [23].

3.2 Hydrolysis With Residual Oil Using Lipases Burkholderia Cepacia And Porcine Pancreas In
Free Form

This study was the choice of the best enzymatic combination between lipases of microbial and animal
origin for the hydrolysis reaction with residual oil, through an experimental planning of lipase mixtures, carried
out by SOUZA [15] whose objective was to determine the best conditions for the hydrolysis reaction. The
optimized hydrolysis results found by the authors were as follows: BCL lipases 0.4g (85%) and PPL 0.545¢g
(15%). In the present study, the masses of immobilized enzyme corresponding to the results of the study by
Souza [15], of each lipase (BCL and PPL) were used in different heating systems: microwave, conventional
and ultrasound.

The use of a mixture with lipases of different specificities, known as "combilipases" has become
increasingly attractive to the industrial sectors, allowing to use enzymes capable of hydrolysing optimally,
resulting in high reaction yield and productivity in the process [24]. Rodrigues and Ayub [25], evaluated the
hydrolysis of soybean oil, using a mixture with two different types of lipases: Thermomyces lanuginosus and
Rhizomucor miehei. The results showed that the use of combilipases, yields were 15% higher than using
only one of the lipases, obtaining 95% hydrolysis with the mixture of the two lipases. Thus, in view of the
results presented, the use of mixture with different lipases is an efficient and promising technology for the
enzymatic synthesis and hydrolysis of vegetable oils. Figure 1 shows the results of the percentage of
hydrolysis obtained in the microwave system

Figure 1 - Enzymatic hydrolysis of the mixture of BCL and PPL lipases in its free form using different

systems: ultrasound, microwave and conventional.
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At the end of the 2 h hydrolysis time, the reaction stabilized reaching 22.61% hydrolysis. According to Dalla
Rosa [26], agitation is an important variable to be evaluated, as it can promote a better homogenization of
the medium during the reaction, minimizing the separation of phases and allowing adequate contact
enzyme/substrates. Therefore, magnetic agitation of 200 rpm was insufficient to maintain the emulsion intact,
occurring phase separation (water/oil), thus decreasing hydrolysis yields, since agitation is one of the
fundamental factors for the efficiency of the hydrolysis process.

In conventional and ultrasound systems, a mechanical agitation of 500 rpm was employed, being
higher than the power of the microwave system. Therefore, the test that obtained the highest percentage in
the hydrolysis of the residual frying oil was the ultrasound system, reaching 49.51% in a period of 240
minutes. In the conventional system, hydrolysis reached about 40.2% and was also superior to the microwave
system with magnetic agitation, but lower than the result obtained with the ultrasound system. In view of
these results presented, agitation is not the only factor that influenced the increase in enzymatic hydrolysis,
ultrasound irradiation waves also provided an increase in reaction yield, providing greater stability of the
reaction medium (water/oil).

Marotti [27], evaluated the effect of the ultrasound system and the stability of the medium emulsified
with mechanical agitation (300 rpm), in the process of hydrolysis of vegetable oils for the performance of
Penicillium lipase, it was noted that mechanical agitation became the most effective reaction process,
providing interfacial stability (water/oil), increased diffusion of substrates with the active sites of the enzyme,
resulting in increased hydrolysis yield.

In the study by Raizer [28], they evaluated the influence of the enzyme and temperature on the
reaction of enzymatic hydrolysis of sunflower oil, using phospholipase Al lipase (Lecitase Ultra) in its free
form, assisted by the ultrasound system, the best conditions obtained for the hydrolysis reaction were 40°C
and 1.7 m% of enzyme/substrate fraction, noted that the use of ultrasound, the reaction medium (water/oil)
acquires a homogeneous and opaque appearance, generating stable emulsions, based on the results (95%),
reported that the use of this system in the enzymatic process proved to be effective in the reaction of
enzymatic hydrolysis.

In search of new techniques that bring improvement to the performance of processes in various
sectors, especially industrial ones, the technology that employs the ultrasound system, has become
increasingly an efficient alternative, due to the benefits: product quality, good reuse of the catalyst,
minimization of reaction time [29, 30].

3.3 Hydrolysis with residual oil using a mixture of burkholderia cepacia lipases and porcine
pancreas immobilized in the niobium oxide support (combi-nb-0s)

Another important factor in the present study is the technique of enzymatic immobilization using the
combilipases, this technique presents some advantages, such as, possibility of reuse, ease of separation
between the catalyst with product, high degree of substrate conversion and purity of the product making it
more commercially competitive, improving the operational stability of the enzyme, reducing production costs
[23, 31].

Although the immobilization process can occur in several methods, there is a constant search for
simpler and more economical techniques. However, the most common methods for lipase immobilization are
physical adsorption and covalent bound [32]. By the results of superior hydrolytic activity of lipases
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immobilized in the niobium support (Combi-Nb.Os), they were selected to be evaluated in the ultrasound

systems and in the conventional system.

According to the results presented in Figure 2, the Combi-Nb,Os derivative used in the ultrasound
system proved to be efficient and reached a hydrolysis percentage of 57.91%, in a period of 60 min, being a
higher result than that obtained with BCL + PPL in its free form (49.51%). With a conventional method,
approximately 34% of hydrolysis was reached in 60 min of reaction, and a result was also higher than that
achieved with combilipase (BCL + PPL) in its free form (22.23%).

Figure 2 - Combi-Nb,Os enzymatic hydrolysis using the conventional and ultrasound systems.
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When comparing the results between the heating sources, the ultrasound system showed superior
results. This fact may be attributed to the irradiation waves of the ultrasound system that promote a greater
interaction with the emulsion, thus increasing the reaction speed favoring the hydrolysis process. In the
literature, studies that elucidate the ultrasound system can be found, reporting its benefits in biotechnological
reactions [33].

Mello [34] also evaluated the application of ultrasound in hydrolysis of crambe oil catalyzed by
Thermomyces lanuginosus lipase in its free form. The authors reported that the use of ultrasound as a heating
source provided an increase in the rate of hydrolysis, reaching up to 78% of hydrolysis of crambe oil. It was
also reported that the ultrasound waves provided a greater stability of the emulsion during the hydrolysis
reaction, not occurring the separation of the substrate phases (water/oil) and thus increasing the interaction
between the lipases and the substrate.

Another important factor of this study is the combined use of several lipases with different specificities,
this technique can be a way to obtain an ideal biocatalyst [25]. The concept of combilipase is considered an
alternative to reduce reaction time and increase the conversion rates of the hydrolysis reaction, since
combilipase will act briefly, acting in different positions of triglycerides in the composition of the oil [35].

According to Alves [36] report on the concept of the biocatalyst called combilipase for heterogeneous
substrates, this conception of the authors was based on the fact that a biocatalyst composed of a mixture
with different lipases presents to be more effective on heterogeneous substrates than using a specific lipase.

In the study by Huang [37] used a mixture of two different lipases: a specific 1,3 lipase of Rhizomucor
miehei and another lipase not specific, Penicillium cyclopium, where they were submitted to a hydrolysis
reaction of lard, according to the authors, the results obtained reached up to 78.1%, report that the use of
combilipases with different specificity proved to be effective for the enzymatic production of AGL, used lipid
substrates such as lard.

3.4 Operational stability of the mixture of burkholderia cepacia lipases and porcine pancreas
immobilized in the niobium oxide support

The stability of the biocatalyst is a parameter of fundamental importance when one intends to
industrially use an immobilized enzyme [38]. When we reuse the immobilized lipases in several reaction
cycles, it can cause partial or total loss of catalytic activity, due to the desorption of this enzyme in the reaction
medium.

The Combi-Nb,Os derivative was used in 3 cycles for at least 180 min in the hydrolysis reaction of the

residual oil, being recovered twice. The tests were submitted to the ultrasound system that presented better
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efficiency in the percentage of ultrasonic and conventional hydrolysis with mechanical agitation at 500 rpm,
temperature 40°C. The results obtained in the ultrasound and conventional systems are presented in Figures
3 and 4, respectively

Figure 3 - Combi-Nb,Os recycle in the ultrasound system.
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Figure 3 shows the use of the ultrasound system in the Combi-Nb,Os recycle. For the first reaction
cycle, a percentage of approximately 60% was reached in 120 min of reaction and that was maintained until
240 min. In the second cycle there was a decrease of 13.06%, with 51.60% of the percentage of maximum
hydrolysis and in the third cycle a more marked decrease of 61.77%, with a maximum hydrolysis of 22.69%
in 240 min. These results may have been influenced by the recovery of the biocatalyst in each cycle, and in
the second cycle, 59.30% of the recovery of the immobilized derivative was obtained and in the third cycle
7.71%.

Zenevicz [29] reported that the use of the ultrasound system in the enzymatic hydrolysis of soybean
using 10% (m/m) of the immobilized commercial lipase Lipozyme TL IM, the authors obtained results of 89%
hydrolysis, in a reaction time period (2h), indicating that the ultrasound system influences the increase in the
percentage of hydrolysis.

According to studies conducted by Waghmare and Rathod [30] when they used Novozyme
commercial lipase immobilized in macroporous polyacrylic resin granules, in the hydrolysis of residual
cooking oil, under the influence of ultrasound irradiation, they obtained results of 74.19% in two hours of
reaction, thus concluded that ultrasound-assisted hydrolysis has a certain efficiency in the process, mainly in
reducing reaction time and high yield of 80%.

Figure 4 shows the use of the conventional system in the Combi-Nb-Os recycle. For the first reaction
cycle a maximum percentage of 56% was reached in 180 min of reaction. In the second cycle there was a
decrease of 31.52%, with a maximum percentage of 38.35% of hydrolysis percentage in 180 min and in the
third cycle a decrease of 92.52%, with a low percentage of hydrolysis of 4.19% in 240 min. The pronounced
decrease in both cycles and the percentage of hydrolysis lower than the ultrasound system may be due, in
addition to the absence of ultrasound waves, to the low recovery of the biocatalyst, which already in the
second recycle obtained only 31.21% of recovery and in the third cycle was 7.25%.
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Figure 4- Enzymatic hydrolysis and recovery of Combi-Nb,Os in the conventional system.
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35 Ultrassom operational stability of the mixture of lipases burkholderia cepacia and porcine
pancreas immobilized in the phb (combi-phb) support - ultrasound system

Due to the high hydrolytic activity presented by lipases immobilized in PHB (BCL, 1122.37U/g and
PPL, 205.31U/g), the derivative of BCL and PPL lipases immobilized in PHB (Combi-PHB) was evaluated
with the objective of comparing its efficiency in the hydrolysis and recycle process with the results obtained
by Combi-Nb;Os. The ultrasound system was selected to evaluate the application of Combi-PHB in the
hydrolysis reaction of the residual frying oil because it proved to be more efficient in benefiting the hydrolysis
process than the conventional system. Figure 5 shows the results obtained in the hydrolysis of the residual
oil with the application of combi-PHB using the ultrasound system, in a period of 360 min of reaction and
temperature of 40°C.

Figure 5 - Enzymatic hydrolysis and recovery of Combi-PHB in the ultrasound system.

704 Il Cycle 1
1 M Cycle 2
6o [ |Cycle3

Hydrolysis (%)

5 30 60 120 180 240 300 360
Time (h)
In the recycle assay with Combi-PHB, in the first cycle there was a percentage of hydrolysis of the
residual oil of 61.11% in 360 min. In the second hydrolysis cycle, 43.21% and in the third cycle 23.64%
hydrolysis. When comparing the recycle of Combi-PHB and Combi-Nb,Os derivatives at the same reaction

time (240 min), the Combi-PHB derivative was less efficient with 48.90% hydrolysis, being lower than the
results obtained by the Combi-Nb,Os derivative (59.35%). In addition, in the second cycle a greater decrease
in the percentage of hydrolysis was also observed, with a decrease of 40.10% in relation to the first cycle
and 56% for the third cycle. Some factors may be attributed to this result, such as the immobilization efficiency
for each support, the initial activity of each biocatalyst, and the characteristics of each support used [39].

3.6 Determination of operational stability parameters
Enzymatic immobilization allows the reuse of expensive lipases, favoring improved stability and
activity, increasing their productivity and bringing savings in reaction [40]. One of the main objectives of
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immobilization is to increase its time of use in relation to free lipase, keeping it efficient several consecutive
reactions [41]. The operational stability factor is limited to the half-life time of an enzyme, this parameter is
used to determine the effectiveness of immobilization, especially when you want to use the enzyme
immobilized in industrial sectors [42] In the present study, the operational stability of combilipases Combi-
PHB and Combi- Nb2Os was evaluated.

From the results obtained from lipase recycles in hydrolysis reactions, half-life time (ty2) and thermal
inactivation constants were calculated (Table 2). The half-life time is defined as the time required for a 50%
reduction in the initial activity of the enzyme to occur.

Table 2 - Operational stability parameters of Combi-PHB and Combi- Nb,Os- Constants of thermal
inactivation and half-life times.

Supports ka (h™) Half-life time (h)
Combi-PHB 0.11 5.99
Combi-Nb,Os 0.12 5.76

According to the results of Table 2, it is observed that for the Combi-PHB derivative, a kq of 0.11 ht
and a half-life time of 5.99 h were had. For the Combi-Nb,Os derivative, a kq of 0.12 h't and a half-life of 5.76
h were obtained. It is noted that the half-life time for both enzymatic derivatives were similar, approximately
6h. Therefore, for a temperature of 40 °C, both prepared biocatalysts presented the same operational stability
during hydrolysis of the residual soybean oil of frying.

4.0 CONCLUSION

In the present study, the influence of the different heating systems (ultrasound, conventional and
microwave) on the enzymatic hydrolysis of residual oil was evaluated, as well as the efficiency of the three
types of support (Niobium oxide, PHB and CHIT) on the immobilization of BCL and PPL lipases. Niobium
oxide and PHB have been shown to be efficient in immobilizing lipases. It was found that the use of ultrasound
favors a higher rate of hydrolysis. The results obtained with the use of Combi-Nb.Os proved to be more

efficient than the combilipases in its free form in both ultrasound and conventional systems. Regarding the
operational stability of Combi-PHB and Combi- Nb2Os, the half-life time was similar for both combilipases.
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5.0 CONSIDERACOES FINAIS E SUGESTOES

Neste trabalho foram empregado diferentes sistemas de aquecimento na
hidrélise do 6leo residual de fritura, com as lipases LBC e LPP em sua forma livre e
imobilizadas em diferentes tipos de suporte, a fim de determinar as condi¢cdes que
favorece a maior conversao em acidos graxos. Durante os testes realizados, pode-se
concluir que foi possivel avaliar alguns fatores que influenciam no aumento do
percentual da reacado. O sistema de ultrassom apresentou maior eficiéncia na reagéao.
As lipases imobilizadas com os suportes: Oxido de Ni6bio, PHB foram mais eficientes
apresentando um resultado de 6xido de niébio (57,91%) de hidrolise e PHB (61,11%).

Abaixo estdo descritas algumas possibilidades de novos estudos sobre a hidrdlise
enzimatica do 6leo residual fritura otimizada através de um planejamento experimental

de misturas:

v' Desenvolver um processo de hidroesterificacdo a partir da proposta desse
trabalho da otimizac&o da hidrélise enzimética do 6leo residual de fritura a fim

de se produzir biodiesel.

v" Quantificar monoacilglicerol e diacilglicerol e avaliar a utilizacdo como

emulsificantes.
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