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RESUMO

Os oleos e as gorduras sdo os chamados materiais graxos de origem vegetal e animal e
pertencem ao grupo dos lipidios. Os 6leos vegetais representam um dos principais produtos
extraidos de plantas, sendo que aproximadamente 2/3 sdo usados em produtos alimenticios,
fazendo assim parte integrante da dieta humana. O uso do 6leo de soja em frituras para preparo
de alimentos é frequentemente utilizado em restaurantes, padarias, domicilios e na industria
alimenticia. Durante o processo de fritura, o 6leo quando submetido em temperatura elevadas
por longos periodos, podem ocorrer diversas alteracfes degradantes: podendo hidrolisar ou/e
oxidar, resultando em formacdo de produtos indesejaveis. Consequentemente, resulta no
acumulo de o6leos residuais e formacdo de efluente, o que leva o descarte forma inadequada
desses residuos, acarretando possiveis danos nocivos na fauna, flora e nos corpos hidricos.
Entretanto, é crescente a preocupagdo em adotar a¢fes para reduzir, reutilizar e reciclar os
residuos gerados pelo 6leo resultante de frituras para preservacdo do meio ambiente e
principalmente dos recursos hidricos. Portanto, a técnica de planejamento experimental de
misturas utilizando diferentes fontes de lipases na hidrélise enzimatica dos triglicerideos, torna
se uma alternativa biotecnoldgica no tratamento do 6leo residual de fritura. Portanto, o presente
trabalho teve como objetivo otimizar a reacdo de hidrolise do 6leo residual de fritura catalisada
por combilipases comerciais: pancreas de porco (LPP), Rhizopus oryzae (LRO) e Burkolderia
cepacia (LBC), empregando diferentes concentracGes (g) e proporcdes de unidades de
atividade (U/g), a fim de determinar as condi¢Bes que favorecem a maior converséo em &cidos
graxos. Inicialmente, foram realizadas a determinacao de atividade enzimatica das lipases LPP,
LBC e LRO, cujo objetivo foi de quantificar a unidade de atividade (U/g) de cada enzima.
Foram realizados 10 experimentos com diferentes concentracgdes (g) e proporc¢ao de unidades
de atividade (U/g), sendo que nos experimentos 1 a 3, as lipases foram utilizadas de forma
livre. Nos experimentos de 4 a 6 utilizaram-se duas lipases com a mesma quantidade de
unidades de atividade (1000 U/g). O experimento 7 que representa o ponto central utilizou uma
proporcao 1/3 de 2000 U/g para cada enzima. Nos experimentos de 8 a 10, as trés lipases foram
utilizadas nas proporgdes 2/3, 1/3 e 1/3. Durante o0s ensaios realizados, pode observar que o
experimento 10 apresentou resultados bastante promissor atingindo uma porcentagem de
hidrolise de 96,22% e uma conversdo em acidos graxos livres (AGL) de 1730,12 mMol/L em
8 h de reagdo, cujos resultados foram superiores ao do ponto central (experimento 7) que
utilizou 1/3 (2000 U/g) atingindo 42,8% de hidrdlise e 759,411 mMol/L de AGL.



Palavras-chave: Planejamento de misturas; Hidrolise; Acidos graxos livres.



ABSTRACT

Oils and fats are the so-called fatty materials of plant and animal origin and belong to the group
of lipids. Vegetable oils represent one of the main products extracted from plants, with
approximately 2/3 being used in food products, thus making an integral part of the human diet.
The use of soybean oil in frying for food preparation is often used in restaurants, bakeries,
households and in the food industry. During the frying process, when the oil is subjected to
high temperatures for long periods, several degrading changes can occur: it can hydrolyze
or/and oxidize, resulting in the formation of undesirable products. Consequently, it results in
the accumulation of residual oils and effluent formation, which leads to the improper disposal
of these residues, causing possible harmful damage to fauna, flora and water bodies. However,
there is a growing concern about adopting actions to reduce, reuse and recycle waste generated
by oil resulting from frying to preserve the environment and especially water resources.
Therefore, the technique of experimental design of mixtures using different sources of lipases
in the enzymatic hydrolysis of triglycerides, becomes a biotechnological alternative in the
treatment of residual frying oil. Therefore, the present work aimed to optimize the hydrolysis
reaction of residual frying oil catalyzed by commercial combi-lipases: Porcine Pancreas (LPP),
Rhizopus oryzae (LRO) and Burkolderia cepacia (LBC), using different concentrations (g)
and proportions of activity units (U/g), in order to determine the conditions that favor the
highest conversion to fatty acids. Initially, the determination of the enzymatic activity of the
lipases LPP, LBC and LRO was carried out, whose objective was to quantify the unit of activity
(U/g) of each enzyme. Ten experiments were carried out with different concentrations (g) and
proportion of activity units (U/g), and in experiments 1 to 3, lipases were used freely. In
experiments 4 to 6, two lipases with the same amount of activity units (1000 U/g) were used.
Experiment 7, which represents the central point, used a 1/3 ratio of 2000 U/g for each enzyme.
In experiments 8 to 10, the three lipases were used in the proportions 2/3, 1/3 and 1/3. During
the tests carried out, it can be observed that experiment 10 showed very promising results,
reaching a percentage of hydrolysis of 96.22% and a conversion to free fatty acids (FFA) of
1730.12 mMol/L in 8 h of reaction, whose results were superior to the central point (experiment
7) which used 1/3 (2000 U/g) reaching 42.8% hydrolysis and 759.411 mMol/L of FFA.

Keywords: Mixture planning; Hydrolysis; Free fatty acid
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1 INTRODUCAO GERAL

Oleos e gorduras podem ser obtidos de plantas e em algumas espécies de animais. As
caracteristicas fisicas de uma gordura ou O6leo dependem do grau de insaturagdo, do
comprimento das cadeias de carbono e variaveis de processamento. Além disso, sdo compostos
majoritariamente formados por triacilglicerdis (TAGs) acompanhados de menores quantidades
de outros lipidios importantes como monoglicerideos e diglicerideos (emulsificantes); acidos
graxos livres; tocoferois (antioxidantes); proteinas, esterdis e vitaminas (ANVISA, 2018; ISEO,
2016).

Os triglicerideos mais comuns presentes em 6leos e gorduras sdo estruturalmente
derivados de 6 a 24 acidos graxos de cadeia de carbono. Os grupos acila sdo geralmente lineares

e possuem um numero par de carbonos. Eles podem ser saturados, monoinsaturados ou
poliinsaturados. No Gltimo caso, as ligagdes duplas ndo sdo conjugadas (BRAUN et al., 2020).
Oleos e gorduras possuem diversas aplicacdes, sendo que uma delas é no preparo de
alimentos, que durante o processamento através do método de fritura, utilizado com frequéncia
nos grandes centros urbanos como em restaurantes, domicilios, padarias e industrias de
processamento de alimentos, que ao serem submetidos em temperaturas elevadas por longos
periodos, podem ocorrer diversas alteracdes, podendo hidrolisar ou/e oxidar, resultando em
formacdo de produtos indesejaveis como, por exemplo, peréxidos, hidroperéxidos, dienos
conjugados, hidréxidos e cetonas. Uma vez ocorrido essas transformacdes indesejaveis, fica
invidvel a sua reutilizacdo, pois diminuem a qualidade nutricional e a seguranca do 6leo devido
aos produtos de degradacdo (PCM FREIRE et al., 2013; ZAMINDAR, N et al., 2017).

Consequentemente, a falta de um gerenciamento adequado nesses estabelecimentos
resulta no acimulo de 6leos residuais e formacao de efluente, dificultando aos proprietarios
desses estabelecimentos encontrarem um destino adequado para esses residuos que ao cairem
na rede coletora interferem diretamente na eficiéncia das EstacOes de Tratamento de Esgoto
(ETE). Em temperaturas mais baixas a gordura presente no efluente tende a se solidificar,
provocando entupimentos e extravasamentos na rede coletora (SOUZA; SOUZA, 2018).

E crescente a preocupacio em adotar acdes para reduzir, reutilizar e reciclar os residuos
gerados pelo 6leo resultante de frituras para preservacdo do meio ambiente e principalmente
dos recursos hidricos (SANTOS, MARTINAZZO & FREITAS, 2018).

Contudo, os impactos negativos dos 6leos residuais podem ser minimizados pela

utilizacdo de enzimas hidroliticas como as lipases, que em pressdes e temperaturas moderadas,
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os triacilglicerdis (TAGs) podem ser hidrolisados lentamente por reacdes consecutivas com

agua ou vapor para produzir AGs e glicerol. (LV et al.,2018).

A hidrolise enzimatica de 6leos vegetais € uma alternativa ao processo quimico que
busca superar os inconvenientes da rota convencional (elevadas condi¢bes de temperatura 250
°C e pressédo 4,83 mPa), visando fornecer produtos com baixo custo energético por meio da
conducéo da reacdo em condigOes mais amenas de temperatura e pressdéo (MAROTTI et al.,
2017) onde a lipase hidrolisa os triglicerideos na interface Oleo-agua e exibem uma alta
seletividade que leva a produtos de alta qualidade com menos compostos colaterais da
reacdo.(KYRIACOS, 2020; ZENEVICZ et al., 2015).

Lipases (triacilglicerol éster acilhidrolases — EC 3.1.1.3) sdo enzimas que catalisam a
hidroélise de triacilglicerdis (6leos e gorduras) em meios aquosos. Em meios ndo-aquosos, estas
enzimas catalisam a sintese de ésteres industriais, como biolubrificantes, por reacbes de
esterificacdo, transesterificacdo e interesterificacio (ADLERCREUTZ, 2013; BASSO e
SERBAN, 2019; KAPOOR, GUPTA, 2012;).

Com o aumento na velocidade na industrializacdo, o planejamento de experimentos
tornou-se importante nos processos produtivos, pois gera economia e qualidade. Um desses
tipos de planejamento é o experimental de mistura onde 0s experimentos de misturas sdo
aqueles em que as propriedades estudadas, dependem basicamente das proporcOes relativas
entre 0s constituintes e ndo das quantidades individuais (LEITE, 2018).

Neste contexto, a otimizacdo na reacdo de hidrolise do dleo residual de fritura catalisada
por um combi-lipases, torna-se uma alternativa inovadora para a obtencdo de acidos graxos
livres (AGL) e glicerol, os quais sdo importantes precursores na industria farmacéutica,

cosmética, oleoquimica, na producdo de biodiesel, entre outros de interesse comercial.
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2 OBJETIVO

O objetivo geral do trabalho foi avaliar por uma rota mais ecoldgica, as diferentes
concentragdes (g) e proporcdes de unidade de atividade (U/g) de combi-lipases comerciais de
diferentes fontes: pancreas de porco (LPP), Rhizopus oryzae (LRO), Burkolderia cepacia
(LBC), na otimizacéo da hidrdlise do 6leo residual de fritura.

O objetivo geral do projeto foi alcangado mediante a execucdo dos seguintes objetivos

especificos:

2.1 OBJETIVOS ESPECIFICOS

a) Determinacdo de atividade enzimatica do combi-lipase mais ativo (U/g);

b) Determinacdo das condicdes 6timas que favorecem a maior conversdo de acidos graxos
na otimizacdo da reacdo de hidrolise;

c) Realizacdo da hidrélise enzimatica a partir da condicéo 6tima prevista no planejamento
experimental de mistura para o pré-tratamento do 6leo residual de fritura na obtencédo

de 4cidos graxos livres.

A dissertacdo do mestrado esta dividida em dois capitulos, além desta introducéo (item
1) e dos objetivos propostos e alcangados (item 2).

O capitulo 1 traz uma revisao da literatura/ desenvolvimento (item 3) que aborda sobre
os lipideos e suas classes, 0s 0leos vegetais, as lipases e suas caracteristicas, aplicacdo destas
lipases na hidrolise, a matéria prima principal utilizada no trabalho e o planejamento de
misturas. Dessa forma esse capitulo embasa a pesquisa, as discussdes e as consideragoes
abordadas.

O capitulo 2 (item 4) contempla um artigo intitulado: “ENZYMATIC HYDROLYSIS
OF WASTE COOKING OIL BY LIPASE CATALYSIS: SIMPLEX MIXTURE DESIGN
OPTIMIZATION” submetido no periddico indexado CATALYSIS LETTERS. Esse artigo

aborda a otimizag&o da hidrolise enzimética catalisada por combi-lipases.
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CAPITULO 1

3 REVISAO LITERATURA / DESENVOLVIMENTO

Este capitulo aborda sobre os lipideos e suas classes, 0s Oleos vegetais, as lipases e suas
caracteristicas, aplicacdo destas lipases na hidrélise, a matéria prima principal utilizada no

trabalho e o planejamento de misturas.

3.1 CLASSIFICACAO DE LIPIDIOS

Os lipidios podem ser classificados em principalmente como simples, complexos,
precursores e derivados. Os lipideos classificados como simples: sdo ésteres de acidos graxos
com varios alcoois, pertence a esse grupo: gorduras e cera. Os lipideos complexos séo ésteres
de &cidos contendo outros grupos além de um alcool e de um acido graxo, pertencem a esse
grupo os fosfolipideos, glicolipideos (glicoesfigolipideos) e outros lipideos complexo, tais
como sulfolipideos, aminolipideos e lipoproteina. Os lipidios precursores e seus derivados,
podem ser incluidos os acidos graxos, glicerol e esterois, aldeidos graxos e corpos cetonicos,
hidrocarbonetos, vitaminas lipossoltveis e horménios (MCA SANTANA et al., 2017). A
Tabela 1 apresenta a composicao de acidos graxos em diferentes tipos de 6leos comestiveis.

Tabela 1 : Composicdo de &cido graxo em oleo vegetal.

Acido graxo (% em massa) Oleo Vegetal

Canola Coco Macauba Palma Soja
Laurico C12:0 - 471 - - -
Miristico - 18,8 - 1,2 -
C14.0
Palmitico C16:0 - 79 18,7 46,8 10,5
Palmitoleico C16:1 4,8 - 4,0 - -
Estearico C18:0 - 2,6 2,8 3,8 3,2
Oleico C18:1 60,0 6,1 53,4 37,6 22,3
Linoleico C18:2 21,4 1,6 17,7 10,5 54,5
Linolénico C18:3 7,8 - 1,5 - 8,3

Fonte: MARROTI et al (2017).
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3.2 MATERIA-PRIMA: OLEOS VEGETAIS

Os oleos vegetais representam um dos principais produtos extraidos de plantas, sendo
que aproximadamente 2/3 sdo usados em produtos alimenticios, fazendo assim parte integrante
da dieta humana. Umas das fontes para extracdo de 6leo vegetal mais presentes na alimentagédo
humana que representa a principal oleaginosa anual produzida e consumida no mundo e sendo
o principal produto do agronegécio brasileiro. Tem como importancia fundamental O
gerenciamento eficiente do agronegocio da soja, por meio da adog¢do de tecnologias que visam
reduzir riscos e custos e aumentar a produtividade de forma sustentavel (EMBRAPA, 2020).

Estudos realizados por Borges e colaboradores (2015), demonstra que o 6leo vegetal
tem maior suscetibilidade a degradacdo, quando comparado a gordura vegetal hidrogenada,
diante de elevadas temperaturas por tempo prolongado da utilizacdo sem troca de 6leo.

As condi¢6es de fritura ndo saturam os acidos graxos insaturados, embora a proporgédo
de &cidos graxos saturados para insaturados mude devido a degradacdo e polimerizacdo dos
acidos graxos insaturados. O processo de fritura também resulta em um aumento no nivel de
“compostos polares” (mono e diglicerideos, acidos graxos livres e acidos graxos oxidados)

formados durante a fritura / aquecimento de alimentos no 6leo (ISEO, 2016).

3.3 LIPASES

As lipases sdo produzidas a partir de células animais, vegetais e microbianas de
diferentes especificidades de substrato, seletividades e propriedades bioquimicas (RAMNATH;
SITHOLE; GOVINDEN, 2017).

As lipases microbianas consideradas universais na natureza e sdo comercialmente
substanciais devido ao baixo custo de fabricacdo, estabilidade superior e mais disponibilidade
do que as lipases de origem animal e vegetal. Lipases microbianas naturais ou recombinantes
séo geralmente utilizadas em diversas aplicagdes de bioengenharia (CHANDRA et al., 2020).

A utilizagdo de lipases mostra-se eficaz do que as sinteses quimicas comuns em
aplicacOes industriais como farmacéutica, cosmética, oleoquimica, detergentes e fragrancias.
Além de seu papel vital em outras aplica¢cdes, como alimentos, biossensores, couro, polpa de
papel e tratamento de &guas residuais ricas em lipidios (HELAL et al., 2021).

As lipases (éster triacilglicerol acil-hidrolases EC 3.1.1.3) desempenham uma
pluralidade de funcGes em diversos setores industriais pela sua ampla especificidade por

substratos, disponibilidade comercial e sua capacidade de atuar em concentracfes de substrato
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bem elevadas, tanto em ambientes aquosos (natural dessa classe de enzimas), quanto em
solventes organicos (RODRIGUES et al., 2019; SEDDIGI et al., 2017).

A atividade in vivo das lipases € a hidrolise de triacilglicerdis (ZECHNER et al., 2012),
e elas podem ser usadas in vitro para catalisar reacGes como esterificacdo (AGUIEIRAS et al.,
2019; BARSE et al., 2019; CRUZ et al., 2018), transesterificacdo (; BAUWELINCK et al.,
2018; LOFGREN et al., 2019), interesterificacdo (ou acidolise) (ABED et al., 2018;
CHOJNACKA; GEADKOWSKI, 2018). Na hidrolise, a molécula de agua libera ions de H" e
OH" na solucdo, onde o hidrogénio aloja em uma parte da molécula e a hidroxila de aloja em
outra parte diferente da molécula, resultando na formacéo de outros compostos. Na esterificacdo
ocorre quando ha um alcool e um &cido carboxilico que origina de dgua e o0 proprio éster e a
transesterificacdo sdo a obtencdo do éster a partir de outro éster com um alcool (KYRIACOS,
2020).

As lipases sdo classificadas quanto a sua regioespecificidade versus as diferentes
posicOes dos triglicerideos, ou seja, a capacidade das lipases de hidrolisar especificamente ou
ndo especificamente os acidos graxos ligados as diferentes posi¢fes da estrutura do glicerol
(RAMNATH, SITHOLE, GOVINDEN, 2017).

No trabalho desenvolvido podemos citar as trés lipases de diferentes fontes utilizadas:
Burkolderia cepacia (LBC), Rhizopus oryzae (LRO) e a de pancreas de porco (LPP).

As lipases oriundas de Burkholderia possuem como caracteristicas: boa estabilidade a
alta alcalinidade; estabilidade térmica; tolerancia a solventes organicos; atividade enzimatica
em diferentes pHs; e ndo toxicidade ao ambiente. Além de apresentarem uma boa atividade
catalitica em diferentes substratos (CASTIGLIONI, COSTA, ALEGRE, 2017).

O fungo Rhizopus oryzae foi relatado como étimo produtor de lipase. O Rhizopus oryzae
é um fungo filamentoso do género Rhizopus sp., capaz de produzir diferentes substancias, como
enzimas (celulases, lipases, proteases, tanases), acidos organicos (acido latico e fumarico),
compostos aromaticos e corantes. A lipase de Rhizopus oryzae possui forte regioespecificidade
além de ter uma alta termoestabilidade, excelente atividade em um ampla faixa de valores de
pH e temperatura apresentando uma maior estabilidade ((HELAL et al., 2021).

A lipase do pancreas de porco (LPP) € composta por 449 aminoacidos em uma unica
cadeia e € uma das lipases mais utilizadas devido ao seu baixo prego em relacéo a outras lipases,
apresentando melhor atividade em pH alcalino e temperatura variavel (RIAL et al., 2020)

A lipase pancreatica é relatada como mais vantajosa do que as lipases microbianas em

ambiente organico devido a sua alta seletividade, grande toleréncia a solventes, alta atividade
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catalitica e estabilidade térmica em alta temperatura sob baixas concentra¢des de dgua
(MENDES; OLIVEIRA; CASTRO et al., 2012).

3.4 FATORES QUE INTERFEREM A VELOCIDADE E CINETICA DAS REACOES
CATALISADAS POR LIPASES

Chandra e colaboradores (2020) relata que os fatores primordiais que interferem na

velocidade e na cinética das reacdes catalisadas por lipases sdo o pH, temperatura e o substrato.

a) O pH interfere na atividade de uma enzima ocorrendo uma alteragdo no padrdo de
cargas de um determinado sitio ativo ou catalitico.

b) A temperatura altera a velocidade reacdo, pois a0 aumentar a temperatura ha um
aumento na taxa de reacdo enzimatica devido ao aumento de energia cinética das
moléculas participantes da reacédo

c) A concentracdo do substrato interfere na velocidade de uma reagdo catalisadas por
lipases, a0 aumentar a concentracdo de substrato, aumenta também a quantidade de

enzima presente sob a forma de complexo enzima-substrato.

3.5 HIDROLISE DE TRIACILGLICEROIS

De acordo com Lv et al., (2018), a hidrolise dos triglicerideos é baseada em trés etapas
consecutivas: os triglicerideos sdo convertidos em diglicerideos que sdo convertidos em
monoglicerideos e finalmente em glicerol, resultando em trés &acidos graxos formados
individualmente em cada etapa. Os monoacilglicerideos e diacilglicerideos sdo produtos
importantes obtidos da reagdo de hidrolise enzimatica de triglicerideos ocorrendo em pressdes
e temperaturas moderadas. A grande vantagem da utilizacdo de lipase € quanto a sua
regioespecificidade, formando um produto de composi¢do quimica com maior definicdo aos
obtidos por via quimica tradicional. A tecnologia de producéo de &cidos graxos com enzimas,
possuem as vantagens de operarem condi¢Oes moderadas de temperaturas e presséo, reducao
no uso de produtos quimicos agressivos ao meio ambiente reduzindo o custo com energia e
facilitando a recuperacéo e purificacdo do produto final (FERREIRA et al., 2019; NITBANI et
al., 2020).
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3.6 PLANEJAMENTO DE MISTURA

O planejamento de mistura possibilita o uso de diversos polinémios para a modelagem,
como o linear, o quadratico, o cubico especial e o cubico completo. Neste estudo estatistico, é
avaliada a influéncia que a composi¢do de uma mistura de dois ou mais elementos tem sobre
uma ou mais variaveis (BREDDA, 2019).

A técnica de planejamento experimental de misturas consiste na obtencdo de um modelo
para descrever como as propriedades de interesse variam em funcdo da composi¢cdo da mistura.
Faz-se um planejamento experimental especificando as composigdes das misturas a serem
estudadas, ha o ajuste do modelo avaliado aos resultados experimentais e comparagdo com
modelos alternativos (SANTOS, SOLETTI, FARIAS, 2019).

Leite (2018) relata que o objetivo de um planejamento de experimentos de misturas € o
ajustamento do relacionamento das respostas as propor¢des relativas de seus componentes
atraves de uma equacdo matematica, assim ao modelar uma superficie de resposta, é possivel
obter:

a) A influéncia de cada componente de forma isolada ou em combinagdes que permite a
possibilidade de utilizar apenas componentes mais reativos ou mais eficientes;
b) Identificar as composicdes de proporcionem valores de respostas em um campo

desejado.
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ABSTRACT

A growing generation of waste cooking oil (WCO) and its inappropriate disposal has led to the
worsening of serious environmental problems. Thus, such a massive amount of WCO generated
by household consumption and the food industry encourages the development of new
technologies for reusing it to produce products of high economic value. The use of lipases in
enzymatic hydrolysis of WCO allows employing the free fatty acids (FFA) and glycerol in the
production of various bioproducts in oleochemical industries. Enzymatic hydrolysis offers
advantages if compared to conventional processes of FFA production (Colgate-Emery), as it
can operate under milder pressure and temperature conditions and high substrate specificity,
resulting in high purity products and reduced by-product formation. Therefore, a simultaneous
use of three different types of lipases in WCO hydrolysis was evaluated. For such a purpose, a
simplex centroid mixture design (SMD) was used to model the influence of lipase composition
on hydrolysis yield. Three commercial lipases were used: Burkholderia cepacia (LBC),
Rhizopus oryzae (LRO) and porcine pancreas (LPP). Results reveal that high reaction yields of
approximately 97% hydrolysis were achieved. SMD provided optimal conditions for lipase
mixtures and higher hydrolysis yield, resulting in 15% LPP lipase and 85% LBC.

Key words: enzymatic hydrolysis; lipase; waste cooking oil; design of experiments; mixture

design
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1. INTRODUCTION

Waste cooking oil is generated mainly in urban areas where there is a large consumption
of refined vegetable oils, such as households, restaurants, bakeries, food processing, dairy and
beverage industries, among others. [1, 2]. Oils that are usually healthy at room temperature
become unhealthy when heated above certain temperatures (226°C — 232°C), as they are

harmful to human health when ingested. [3].

Restaurants, in general, find it difficult to reach a consensus on an ideal way to handle
the disposal of waste cooking oil. The reuse of frying oil, in addition to becoming inappropriate
for consumption after saturated, adds an unpleasant flavor and odor to food [4]. Studies reveal
that an improper disposal of one liter of oil contaminates about one million liters of water,
which results in negative impacts on the environment. In addition to clogging pipelines, WCO
forms a waterproofing layer, which hinders drainage and gas exchange with the atmosphere, in
addition to causing the death of fauna and flora present in the soil. In landfills, excess oil hinders
the process of decomposing waste. In water bodies, due to the immiscibility of oil with water
and its lower density, it forms a supernatant film that prevents oxygen diffusion, in addition to
the fact that it may cause the death of aquatic life forms. [5-7].

An interesting alternative is to reuse waste cooking oils and fats (OGR) from food frying
processes to produce biodiesel, since it not only contributes to its economic viability, but also
results in harnessing the energy of a residue that, if discarded improperly, can harm the

environment [8].

Biodiesel is used to fuel internal combustion engines. It is produced from renewable,
biodegradable and less toxic raw materials than those used in diesel production. It has some
advantages over regular diesel such as lower carbon monoxide emission, her boiling point (150
°C) which results in a lower boiling poi, safer transportation and storage, in addition to having

lubricating properties that minimizes vehicle engine wear [3].

Taking into account some characteristics of this lipid raw material, such as high acidity
and humidity, the most appropriate production route is hydroesterification, which consists in a
two-step process. [8, 10]. The first step of hydroesterification is hydrolysis in which a chemical
reaction occurs between triacylglycerols in oil and water, thus producing free fatty acids (FFA)
and glycerol. In the second step, the FFAs generated by hydrolysis are esterified with short-
chain alcohols in the presence of a catalyst (acid/base), which results in an alkyl ester molecule
[8, 10].
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The hydroesterification process can also be catalyzed enzymatically, in which lipase is
used as catalyst in the hydrolysis and/or esterification step, therefore it becomes an important
research field that allows reusing of this lipid residue. In addition to allowing operation under
mild temperature and pressure conditions, lipases have several advantages over chemical
catalysts such as high selectivity, specificity and purity of products, thus there is no

cogeneration and, therefore, no need for additional steps of biodiesel purification [9, 11].

Lipase-catalyzed enzymatic hydrolysis of triacylglycerols has been used to obtain free
fatty acids (FFA) and glycerol, which are important precursors in pharmaceutical, cosmetic,

oil-chemical and biodiesel production industries [9, 12], among other applications.

In available literature, there are several works achieving good results from enzymatic
hydrolysis using microbial lipases. Some studies demonstrate that the use of enzymatic
combinations enables faster reaction kinetics. [13—15]. In this sense, it is worth studying the
combination of biocatalysts to enable this step, such as lipases from different sources, e.g.
Burkholderia cepacia, Rhizopus oryzae and porcine pancreas, using the simplex mixture

design.

The simplex mixture design is an interesting statistical tool among the multiple
multivariate data analyses known as Design of Experiments (DOE). It is used to model how the
components of a given mixture can affect its final properties. Each component’s content
(composition) is related to an input variable for the simplex mixture design. Consequently, input
variables are restricted to values between 0 and 1. Furthermore, for all experimental conditions,
a sum of values of all input variables must be 1. The output variable, on the other hand, is a
property of interest, as it is measured from the final mixture [16, 17]. The simplex mixture
design is extremely useful for industries and it can be applied in various areas of research [18—
21]. In the present work, it was tested a simultaneous use of three kinds of lipases (a mixture of
enzymes) in the hydrolysis of waste cooking oil. For such a purpose, the simplex mixture design

was used to model how lipase composition affects the reaction yield.
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2. MATERIALS AND METHODS
2.1. Biocatalysts
Burkholderia cepacia lipase (LBC) lipase, porcine pancreas lipase (LPP) and Rhizopus
oryzae lipase (LRO) were purchased from Sigma-Aldrich (St. Louis, MO, USA) and used as
catalyst in the enzymatic hydrolysis.

Waste cooking oil, used for food preparation, was obtained from the Alfenas Federal
University restaurant. It was kept in dark plastic bottles at 20°C to preserve its original

properties. All other reagents were of analytical grade.

2.2. Waste cooking oil characterization

The American Oil Chemist’s Society method [22] was used to determine total free fatty
acids (FFA), which was expressed in terms of free oleic acid (%). Absolute viscosity was
determined using a Brookfield viscometer (Brookfield Viscometers Ltd, England) and a CP 52

cone [23]. lodine and peroxide values were determined using the AOCS method [22].

Fatty acid methyl esters (FAMES) were synthesized according to AOCS [22] and
identified by gas chromatography (GC). GC analyses were performed using a PerkinElmer" -
Clarus 580 chromatograph equipped with a flame-ionization detector. A 30 m capillary column
with 0.25 mm of internal diameter, 5% diphenyl - 95% dimethylpolysiloxane stationary phase
(non-polar) was employed during the analysis. Nitrogen was the carrier gas. External patterns

were MIX Supelco™ and 37 fatty acids methyl ester (Sigma-Aldrich™), C4Caa.

2.3. Determination of enzymatic activities

The enzymatic activity (U g™*) was evaluated by hydrolysis of olive oil emulsion at a
fixed ratio of oil/water 1:1. One unit (U) of enzyme activity was defined as the amount of
enzyme liberating 1 umol of free fatty acid per min under assay conditions. Results were
expressed in activity units per gram of free enzyme [24].

2.4. Enzymatic hydrolysis of waste cooking oil catalyzed by lipase blends:

Mixture design and data analysis

In order to analyze and optimize the enzymatic hydrolysis of waste cooking oil, it was
studied the use of a combination of different lipases: Burkholderia cepacia lipase (LBC),
Rhizopus oryzae lipase (LRO), and porcine pancreas lipase (LPP). For such a purpose, a

simplex centroid mixture design was used. Input variables were the composition of used lipases.
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Table 1 describes the experimental conditions adopted herein.

Table 1: Experimental conditions to perform the simplex mixture design analysis. Input variables are presented in coded and
real values (in grams)

A B C
Porcine pancreas lipase Rhizopus oryzae lipase Burkholderia
Exp. (LPP) (LRO) cepacia

lipase
(LBC)

1 1 (3.6500) 0 (0.0009) 0 (0.0009)

2 0 (0.0009) 1 (0.4909) 0 (0.000g)

3 0 (0.0009) 0 (0.0009) 1 (0.4709)

4 1/2 (1.8209) 1/2 (0.2459) 0 (0.000g)

5 1/2 (1.8209) 0 (0.0009) 1/2 (0.2350)

6 0 (0.0009) 1/2 (0.2459) 1/2 (0.2359)

7 1/3 (1.2109) 1/3 (1.6309) 1/3 (0.1579)

8 2/3 (2.4209) 1/6 (0.0829) 1/6 (0.078g)

9 1/6 (0.6059) 2/3 (0.3279) 1/6 (0.0780)

10 1/6 (0.6059) 1/6 (0.0829) 2/3 (0.3139)

In Table 1, values between brackets represent the amount of each lipase in grams.
Experiment 8, for instance, was performed using 2.420 g of Porcine pancreas lipase (LPP),
0.082 g of Rhizopus oryzae lipase (LRO) and 0.078 g of Burkholderia cepacia lipase (LBC).

Coded values outside parenthesis in Table 1 are the fractional compositions of each
lipase. These numbers, however, were not based on lipase mass, but calculated according to the
total enzyme activity of the system, which was set at 2000 U g™. For experiment 8, it was used
1/6 of Rhizopus oryzae lipase. It means that, out of the total enzyme activity (2000 Ug™), the
Rhizopus oryzae lipase activity was about 333.3 Ug™ (1/6 of the total). Moreover, Burkholderia
cepacia lipase activity was also 333.3 Ug™ (1/6 of the total) in experiment 8. Thus, although
weights were different (0.082 and 0.078g, respectively), enzyme activity was the same (333.3
Ug™, 1/6 of the total). On the other hand, porcine pancreas lipase activity was 1333.3 Ug™ (2/3
of the total).

The 10 experimental conditions can be divided into four basic groups:
« 1to 3: only one lipase was used as catalyst whose enzyme activity is 2000 Ug™;
«  4to 6: two lipases were used as catalyst with 1000 Ug™ enzyme activity each;

« 7: three lipases were simultaneously used with 666.7 Ug™ enzyme activity each;
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810 10: one of the lipases used had 1333.3 Ug™ enzyme activity, and the other two had
333.3 Ug™ enzyme activity.

This approach reveals the differences in hydrolytic activity of lipases: Porcine pancreas lipase
(LPP) — 547.78 Ug™; Rhizopus oryzae lipase — 4070.28 Ug™; Burkholderia cepacia lipase —
4252.87 Ug™.

To investigate the behavior of hydrolysis kinetics, 0.2 g aliquot samples were taken at
various time intervals and analyzed by titration according to Da Rés et al.[25]. 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 value [26].

VKOH XMKOHXMW
x 100

Hydrolysis (%) = W xf (1)

Where; Vkor is the volume of potassium hydroxide solution (KOH) required during
titration; Mxon is KOH molarity (0.02 mol L-1); MW is the average molecular weight of fatty
acids (g mol™); W is the weight of the collected sample; and f is the fraction of oil at the

beginning of the reaction.

The output variable used for the simplex centroid mixture design was % Hydrolysis

when the process achieved stability. Each experimental condition was in duplicate.

For the statistical (regression and graphical) analysis, the following software were used:
Minitab (version 18.0; Minitab Inc., USA); Design expert (version 6.0 - Stat-Ease Corporation,
USA); and Statistical (version 8.0 - Stat Soft Inc., USA). Minitab was used to optimize the
obtained model using the desirability approach.
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3. RESULTS AND DISCUSSION

3.1. Characterization of waste cooking oil

The fatty acid profile of the waste cooking oil used in the present work contained 13.5%
of saturated fatty acids and 83.3% of unsaturated fatty acids. The main fatty acids were: linoleic
acid (C18:2) 46.8 %, oleic acid (C18:1) 27.4 %, palmitic acid (C16:0) 9.7 %, and linolenic acid
(C18:3) 9.1 %. The unidentified fatty acids in this analysis amounted to 3.2%.

Despite the fact that there was a large amount of polyunsaturated fatty acids, mainly
C18:2, the iodine index of WCO being used was relatively low, i.e. only 26.83 g 1,100 g .
lodine values higher than 115 g 1100 g indicates low oxidation stability, which limits the
industrial application of WCO [27]. Thus, the WCO being used had an iodine level of 26.83 g
1100 g', i.e. it presents reasonably good oxidatiostability. Fernandes et al.[28], for instance,
obtained higher iodine values, 110.59 g 1,100 g*, from coffee oil. Such relatively high iodine
value means that the coffee oil used by Fernandes et al. [28] has lower oxidation stability than

the waste cooking oil used herein.

The peroxide value observed for the waste cooking oil used in the present work was
8.79 mequiv./kg of oil, which is a higher value than the one obtained by Fernandes et al. [28],
i.e. 1.58 mequiv./kg, from coffee oil. The higher peroxide index of waste cooking oil is related
to its degradation[29] due to prolonged use in high temperatures for food preparation. The acid

value of waste cooking oil was 0.39 mg KOH g ™, and absolute viscosity was 23.49 mm? s.1.

3.2. Optimizing the hydroesterification of waste cooking oil using the simplex
centroid mixture design

The results obtained from all experimental conditions predicted by the simplex mixture
design are shown in Figure 1 and Table2. In Figure 1, it is observed different reaction Kinetics
between all obtained results. Experiments 1 and 10, for instance, had higher Hydrolysis %
(84.84 and 96.66%, respectively). However, other results ranged between about 36 and 56%.
Despite these differences between results, it is also noticeable, in Figure 1, that all curves

showed practically the same kinetics pattern.
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Figure 1: Kinects results of the simplex mixture design.

Table 2: Results obtained for experimental conditions required for the simplex mixture analysis

Exp. A (LPP) B (LRO) C (LBC) Y%
Hydrolysis)
1 1 0 0 84.84+0.18
2 0 1 0 4787+ 1.27
3 0 0 1 59.45+0.19
4 1/2 1/2 0 41.54 £ 0.54
5 1/2 0 1/2 36.68 + 3.61
6 0 1/2 1/2 47.30+£0.01
7 1/3 1/3 1/3 47.14 £ 3.16
8 2/3 1/6 1/6 40.72+1.12
9 1/6 2/3 1/6 51.65+0.78
10 1/6 1/6 2/3 96.66 + 0.95
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Another fact worth mentioning about Figure 1 is that Hydrolysis % has stabilized after

about 4 h of reaction. In other words, after 4 h of reaction, a steady state was achieved with
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almost no yield increase. This is quite important for the process optimization since it reduces

processing time from 8 to 4h (half the predicted value) and lowers its costs.

Empiric data, collected after reaction stabilization, was used to determine the final
Hydrolysis % (see Table 2) and used to perform the simplex mixture analysis. There was good
correlation between Hydrolysis % results and input variables (lipase composition). The natural
logarithm of experimental results, however, achieved higher correlation with input variables
(with an adjusted Rz of 0.94). Thus, the output variable adopted to increase the model accuracy
was [n(% Hydrolysis) Under these conditions, the obtained model can be described by

Equation 2.

In(Y) = 4,415A + 3,854B + 4,045C — 1,5614B — 2,559AC + 6,660ABC —
8,280AC(A — C) + 8,620AC(A — C)?
()
According to the ANOVA results shown in Table 3 and considering significance level
quartic and cubic terms are relevant justifies the use of a special quartic model instead of a
quadratic or linear one. Finally, the ANOVA results reveal an insignificant lack of fit to the

obtained model.

Table 3: ANOVA of Hydrolysis % from the simplex mixture design analysis («=0.01)

Adjusted Adjusted
Factor Df SS ss MS F p
Regression 7 1.72160 1.72160 0.245942 40.11 ~0
Linear 2 0.15162 0.37743 0.188713 30.78 ~0
Quadratic 2 0.49976 0.68657 0.343286 55.99 ~0
A*B 1 0.15207 0.20976 0.20976 34.21 ~0
A*C 1 0.34769 0.56281 0.562809 91.79 ~0
Special Cubic 1 0.22826 0.09306 0.093057 15.18  0.002
A*B*C 1 0.22826 0.09306 0.093057 15.18  0.002
Full Cubic 1 0.69831 0.69777 0.697768 113.80 ~0
A*C*(A-C) 1 0.69831 0.69777 0.697768 113.80 ~0
Full Quartic 1 0.14365 0.14365 0.143652 23.43 ~0
A*C”‘(A-C)2 1 0.14365 0.14365 0.143652 23.43 ~0
Residual Error 12 0.07358 0.07358 0.006131
Lack of fit 2 0.03933 0.03933 0.019664

5.74 0.022
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Pure Error 10 0.03425 0.03425 0.003425

Total 19 1.79518
df: degrees of freedom; SS: sum of squares; MS: mean squares; F: F -distribution
critical va lue; P: p-value

The Anderson-Darling normality test of model residuals depicted in Figure 2 resulted
in a p-value of 0.217. Since this result is higher than the level of significance (a#=0.01), residual

behavior can be considered normal, thus fulfilling the analysis requirement.
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Figure 2: Normality test of model residuals

Once model reliability was confirmed, it can be used to understand the Hydrolysis %
behavior as lipase composition changes. For such a purpose, Figures 3 and 4 are useful, as they

show a 3D and a contour plot of the obtained model, respectively (see Equation 2).
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Figure 3: Responce surface of the model predicted by the simplex mixture design analysis
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Figure 4: Contour plot of the model predicted by the simplex mixture design analysis

A graphic representation of the model (Figures 3 and 4) assists to identify which lipase
compositions achieve higher hydrolysis yields. In the present study, there are at least 3 lipase
compositions achieving high Hydrolysis %., as shown in Table 4 . The first two conditions are
the same as those presented in Table 2. The last one is an extra experiment obtained using the
same methodology as the others, whose lipase composition was obtained though the statistical

model optimization (see Equation 2).

Table 4: Lipase compositions resulting in high Hydrolysis %

Ex A (LPP) B (LRO) C (LBC) Y (%
P- Hydrolysis)
1 1 0 0 84.84 +
0.18
10 1/6 1/6 2/3 96.66 +
0.95
Extra 3/20=0.15 0 17/20=0.85 96.05 +
0.25

According to the results presented in Table 4, it is possible to use different lipase
compositions and achieve high reaction yields, which is quite advantageous from a financial
standpoint, since the process is not going to be dependent on a single input. Thus, as future
application, a producer could modify lipase ratio based on its prices. Such versatility can reduce

processing costs and increase its feasibility with little or no yield loss.
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4. CONCLUSION

The obtained results showed that lipase composition has a major impact on the
hydrolysis yield of waste cooking oil. It is also found that the simplex mixture design is a
powerful statistical tool to be used in modeling and optimizing lipase composition. This
approach provides not just optimal results, but also alternative lipase compositions achieving
good yields.
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5 CONSIDERACOES FINAIS E SUGESTOES

Nesse trabalho foram empregadas diferentes concentracdes (g) e proporces de
unidades de atividade (U/g), a fim de determinar as condi¢Ges que favorecem a maior conversao
em &cidos graxos na hidrolise enzimatica do Oleo residual de fritura, utilizando um
planejamento experimental de mistura. Durante os ensaios realizados, pode — se concluir que o
experimento 10 apresentou resultados bastante promissor atingindo uma porcentagem de
hidrélise de 96,22% e uma conversao em &cidos graxos livres (AGL) de 1730,12 mMol/L em
8 h de reacdo, cujos resultados foram superiores ao do ponto central (experimento 7) que
utilizou 1/3 (2000 U/g) atingindo 42,8% de hidrélise e 759,411 mMol/L de AGL.

Abaixo estdo descritas algumas possibilidades a acerca de novos estudos sobre a
hidrolise enzimatica do O6leo residual fritura otimizada através de um planejamento
experimental de misturas:

a) Testar alternativas para remocéo do glicerol formado e a 4gua ndo reagida na
hidrdlise enzimatica;

b) Desenvolver um processo de hidroesterificacdo a partir da proposta desse trabalho da
otimizacdo da hidrdlise enzimatica do 6leo residual de fritura a fim de se produzir
biodiesel.

¢) Quantificar monoglicerideos e diglicerideos, e avaliar a utilizacdo como emulsificantes

d) Ensaio de hidrélise no banho de ultrassom e micro-ondas, utilizando as 3 enzimas

imobilizadas
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