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RESUMO

Embalagens atualmente sdo produzidas de materiais poliméricos derivados do petroleo e néo
sdo reciclaveis, ou seja, baixa biodegradabilidade, o que levou a problemas ambientais. Com
iss0, a necessidade de desenvolver embalagens biodegradaveis e a preocupacdo da conservacdo
correta dos alimentos com seguranca e qualidade se tornou crescente. O alginato de sodio é um
biopolimero produzido por organismos vegetais e microbianos utilizado na industria de
alimentos como, emulsificante, quelante e para formar filmes. O 6leo de buriti proveniente da
polpa da fruta (Mauritia flexuosa), encontrada na Amazonia e Cerrado, possui propriedades
antioxidantes, plastificante, fotoprotetoras e antimicrobianas, o qual associado ao alginato pode
potencializar o efeito de filme ativo. No primeiro capitulo, uma revisdo bibliogréfica abordando
os aspectos que envolvem os filmes e suas propriedades. No capitulo dois, o objetivo foi
desenvolver e a caracterizar filmes de alginato de sddio incorporados ao 6leo de buriti para
conservacao de hamburguer em armazenamento em substituicdo de embalagens tradicionais.
Os filmes foram produzidos com a técnica de “casting” com a solucao filmogénica de alginato
de sddio e concentragdes de 0; 0,5; 1,0; 1,5 % do 6leo de buriti. Realizou-se a caracterizaco
dos filmes atraves da espessura, propriedades mecanicas, térmicas e toxicidade. O filme de 0,5
% apresentou propriedades mais proximas das desejaveis na industria. Para um segundo estudo
foram produzidos hamburgueres em laboratério e avaliou-se armazenados sob refrigeracéo (4
°C) em trés tratamentos, A: Sem filme; B: Filme de alginato; C: Filme com 0,5 % de 6leo de
buriti nos tempos 0, 3, 6 e 9 dias. As variaveis analisadas foram, composi¢do quimica,
capacidade de retencdo de agua, pH, cor, textura, teor de ferro e analises microbiolégicas que
demonstraram reducao e/ou manuten¢do do pH, reducdo da perda de agua no armazenamento
e na cocc¢ao, manutencdo da cor, textura e diminuicdo da contagem microbiol6gica comparado
ao controle. O desenvolvimento de filmes de alginato de sodio incorporados ao 6leo de buriti
para conservacdo de hamburguer se revelou de forma promissora para a industria de alimentos.

PALAVRAS-CHAVES: Antimicrobiano. antioxidante. filme ativo. Mauritia flexuosa.



ABSTRACT

Packaging is currently produced from polymeric materials derived from petroleum and is not
recyclable, that is, low biodegradability which has led to environmental problems. As a result,
the need to develop biodegradable packaging and the concern for the correct conservation of
food with safety and quality has grown. Sodium alginate is a biopolymer produced by plant and
microbial organisms used in the food industry as an emulsifier, chelator and to form films.
Buriti oil from the fruit pulp (Mauritia flexuosa), found in the Amazon and the Cerrado, has
antioxidant, plasticizer, photoprotective and antimicrobial properties, which associated with
alginate can enhance the effect of active film. In the first chapter, a bibliographic review
addressing the aspects that involve films and their properties. In chapter two, the objective was
to develop and characterize films of sodium alginate incorporated into buriti oil for preserving
hamburgers in storage instead of traditional packaging. The films were produced with the
technique of "casting" with the filmogenic solution of sodium alginate and concentrations of 0;
0.5; 1.0; 1.5 % of buriti oil. The films were characterized through thickness, mechanical,
thermal properties and toxicity. The 0.5 % film showed properties closer to those desirable in
the industry. For a second study, hamburgers were produced in the laboratory and evaluated
stored under refrigeration (4 °C) in three treatments, A: Without film; B: Alginate film; C: Film
with 0.5 % buriti oil at times 0, 3, 6 and 9 days. The variables analyzed were chemical
composition, water retention capacity, pH, color, texture, iron content and microbiological
analyzes that demonstrated a reduction and / or maintenance of pH, reduction of water loss in
storage and cooking, maintenance of color, texture and decreased microbiological count
compared to control. The development of sodium alginate films incorporated into buriti oil for
hamburger conservation has proved to be promising for the food industry.

Keywords: Active film. Antimicrobial. Antioxidant. Mauritia flexuosa.
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1 INTRODUCAO

Dentre os fatores depreciativos que ocorrem nos alimentos, a proliferacdo de
microrganismos e a oxidacao sao 0s que se apresentam com grande importancia impulsionando
0 desenvolvimento de novas embalagens, principalmente primarias (QUINTAVALLA,;
VICINI, 2002). Principalmente, para que ocorra a correta conservacdo dos alimentos, as
embalagens tanto priméarias como secundarias, devem possuir a funcdo de manter a seguranga
e qualidade dos produtos alimenticios, como 0s produtos carneos, durante o transporte e
estocagem, além de estender a vida de prateleira, contra possiveis contaminantes:
microrganismos, produtos quimicos, oxigénio, umidade, luz (ALMEIDA, 2010; RHIM et al.,
2013; OTONI et al., 2017).

O hamburguer ¢ um dos alimentos pereciveis que sdo muito mais susceptiveis a
deterioracdo, pela oxidacdo dos lipidios e proteinas, como também deterioracdo por
microrganismos devido as suas caracteristicas intrinsecas, como umidade e pH, inclusive
fatores extrinsecos, como exemplo das condi¢bes de embalagem, materiais utilizados e
armazenamento, onde, a partir da influéncia de cada um desses fatores, é possivel prorrogar a
vida atil dos alimentos (OZOGUL et al. 2017; LORENZO et al., 2018; BRASIL, 2018).

Atualmente, as embalagens de alimentos sdo feitas principalmente de plastico derivado
do petréleo para estender a vida de prateleira dos alimentos, mas a maioria dos materiais de
embalagem apresentam baixa biodegradabilidade, o que causa descarte de residuos e problemas
de poluicdo ambiental (CHI; CATCHMARK, 2018; OLIVEIRA et al., 2019; ZHANG et al.,
2021). Anualmente, aproximadamente 8 milhdes de residuos plasticos sdo depositados nos
oceanos, equivalente a 80% de todo plastico descartado, podendo haver, até 2050, mais
plasticos do que peixes em seu habitat (EMF, 2016; UNEP, 2020).

A partir das preocupacdes com o meio ambiente, o interesse pela pesquisa por polimeros
biodegradaveis tem sido crescente (MAHALIK; NAMBIAR, 2010; IMRE; PUKANSZK,
2013; PEELMAN et al., 2013; ZHANG et al., 2021), o que levou ao surgimento de novas linhas
de pesquisa nas ultimas décadas. A tendéncia no desenvolvimento de embalagens ativas esta
no estudo do uso de substancias naturais bioativas incorporadas por meio do processo de
emulsdo a matriz biopolimérica melhorando as propriedades mecanicas, de barreira e de
atividade antimicrobiana (KERRY; BUTLER, 2008; DARBASI et al., 2017).

O alginato é classificado como biopolimero polissacarideo e, é utilizado em varias

industrias, além de alimentos, bebidas, téxtil, impressdo e farmacéutica como agente
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espessante, estabilizador, emulsificante, agente quelante, encapsulamento, expansor, agente de
suspensdo ou para formar géis, filmes e membranas (HAY et al., 2013).

Mauritia flexuosa L.f., também chamada de buriti € uma palmeira da familia Arecaceae
encontrada na Amazonia e Cerrado (CANDIDO et al., 2015). A atividade antioxidante do
extrato de 6leo de buriti foi relacionada ao alto teor de carotenoides presente (KOOLEN et al.,
2013). Possibilitando o uso do 6leo em associa¢do ao filme de alginato, o qual apresenta
composicdo fendlica com efeito antioxidante, antimicrobiano, fotoprotetor e relatado como
agente plastificante (KOOLEN et al., 2013; PIMENTEL et al., 2007; SCHLEMMER et al.,
2007).

De acordo com esses dados, os filmes de alginato com incorporagdo de 6leo de buriti
podem melhorar suas caracteristicas e ser utilizados como embalagens ativas em hamburguer,
pois possuem atividade antioxidante e antimicrobiana que leva a uma extensdo do tempo de

prateleira do produto embalado.
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2 OBJETIVOS

2.1 Objetivo geral

Obter, caracterizar e aplicar filmes de alginato de sodio contendo 6leo de buriti na

conservacao de hambdrguer em armazenamento para substituicdo de embalagens de polimeros

sintéticos.

2.2 Objetivos especificos

Verificar em qual nivel o 6leo de buriti pode ser incorporado em filmes de alginato

de sodio;

Caracterizar ~ fisicoquimicamente 0s filmes de alginato de
sodio contendo 6leo de buriti.

Avaliar a toxicidade dos filmes de alginato de sodio contendo 6leo de buriti no

hambdrguer;

Estudar a capacidade de contencgéo da proliferacdo microbiana no hamburguer dos

filmes de alginato de sodio contendo 6leo de buriti no hamburguer;

Investigar os filmes de alginato de sddio incorporados ao Gleo de buriti

produzidos, em relacdo a vida de prateleira no hambdrguer no periodo de 9 dias.
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3 REFERENCIAL TEORICO

3.1 Seguranga, conservagao e embalagens de alimentos

Dentre os fatores depreciativos que ocorrem nos alimentos, a proliferacdo de
microrganismos e a oxidagédo sdo os efeitos que se apresentam com grande importancia para o
desenvolvimento de novas embalagens (QUINTAVALLA,; VICINI, 2002). A oxidagdo é a
principal causa ndo microbiana da deterioracdo da qualidade em carnes e produtos carneos e é
um processo que se inicia a partir do abate do animal e segue progressivamente até o produto
final a ser consumido (RIBEIRO et al., 2019). Para que ocorra a correta conservacao dos
alimentos, as embalagens devem possuir a fungdo de manter a seguranca e qualidade dos
produtos alimenticios durante o transporte e estocagem, além de estender a vida de prateleira,
contra possiveis contaminantes: microrganismos, produtos quimicos, oxigénio, umidade, luz,
como também apresentarem informacdes de interesse para comercializacdo e para 0
consumidor (ALMEIDA, 2010; RHIM et al., 2013). No principio, a aplicabilidade da
embalagem era unicamente isolar os alimentos do ambiente externo, mas recentemente, ela
também é aplicada como protecdo ativa, resultando no aumento da vida de prateleira dos
alimentos e na melhoria da qualidade dos alimentos (AHMED et al., 2017; BENBETTAIEB et
al., 2017).

Materiais poliméricos derivados do petroleo sdo amplamente utilizados devido a sua
versatilidade, boas propriedades mecanicas e baixo custo (BRODY et al., 2001; JIMENEZ et
al., 2012). Polimeros sdo macromoléculas que podem ser caracterizadas por seu tamanho,
estrutura quimica e interacdes intra e intermoleculares, e possuem unidades quimicas ligadas
por covaléncia, repetidas regularmente ao longo da cadeia, cuja repeticdo do mondémero indica
0 grau de polimerizacdo (MANO; MENDES, 1999). Para a producéo de uma embalagem, esses
polimeros requerem a apresentacdo das caracteristicas desejaveis, como transparéncia, maciez,
termossoldabilidade e boa resisténcia (ALMEIDA, 2010). Atualmente, as embalagens de
alimentos sdo feitas principalmente de plastico derivado do petr6leo para estender a vida util
dos alimentos, mas a maioria dos materiais de embalagem apresentam baixa
biodegradabilidade, o que causa descarte de residuos e problemas de poluicdo ambiental (CHI;
CATCHMARK, 2018).

A partir das preocupacgdes com 0 meio ambiente, o interesse pela pesquisa por polimeros
biodegradaveis tem sido crescente (MAHALIK; NAMBIAR, 2010; IMRE; PUKANSZK,
2013; PEELMAN et al., 2013). Estes materiais de natureza biodegradavel sdo produzidos a

partir de recursos alternativos e com menor consumo de energia (IMRE; PUKANSZK, 2013).
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De certa forma eles auxiliam na reducdo do volume de residuos no meio ambiente por
apresentar rapida degradacédo bioldgica, reduzem a quantidade de diéxido de carbono langado
na natureza, pois sao obtidos a partir de recurso natural, podem também ser utilizados para
substituicdo dos polimeros petroquimicos comumente utilizados (OJIJO; RAY, 2013).

Diversos novos conceitos foram introduzidos nas embalagens de alimentos para satisfazer
as exigéncias dos consumidores (SOUZA et al., 2013; MOHAMED et al., 2020). Com isso,
novas linhas de pesquisa estdo surgindo nas ultimas décadas e uma delas tem como objetivo
desenvolver embalagens que interajam com o produto embalado, adicionando vantagens para
eles. Inumeras dessas embalagens ativas tém sido desenvolvidas a partir de matérias primas
naturais como amido, alginato, caseina, celulose, entre outras, tanto a matriz polimérica como
os aditivos funcionais que sdo incorporados (MACHADO, 2011; JUNG et al., 2020).

3.2 Embalagens ativas

A embalagem ativa é caracterizada como uma embalagem que ndo apenas separa o
alimento do contato com o meio ambiente, mas que também interage com o alimento para
manter suas propriedades originais e naturais, e vem sendo aplicada em variados prop0sitos na
industria de alimentos, absorvendo oxigénio nos pastificios, absorvendo etileno nas hortalicas
e frutas e filmes com antimicrobianos naturais usados em queijos e fatiados (ROONEY, 1995;
SARANTOPOULOS; REGO, 2012; JUNG et al., 2020). A agdo dessas embalagens primarias
ocorre na superficie dos alimentos, onde é observado a maioria das reacGes de deterioracdo,
reduzindo o uso de aditivos e conservantes na producao dos alimentos, garantindo um produto
de qualidade e maior tempo de prateleira (IMRAN et al., 2010).

Tanto as indUstrias como pesquisadores tém aumentado a atencdo as embalagens ativas
devido ao seu grande potencial e impacto positivo na seguranca e qualidade do alimento
(SIRIPATRAWAN; NOIPHA, 2012). A tendéncia no desenvolvimento de embalagens ativas
estd no estudo do uso de substancias naturais bioativas incorporadas por meio do processo de
emulsdo a matriz biopolimérica melhorando as propriedades mecanicas, de barreira e de
atividade antimicrobiana (KERRY; BUTLER, 2008; GALUS; KADZINSKA, 2015).

Na incorporagdo de agentes em filmes usados na preservacdo de alimentos é
imprescindivel o conhecimento completo e adequado do processo para garantir a estabilidade
dos compostos ativos e sua agio efetiva (LOPEZ et al., 2007). Como Schlemmer e Sales (2010)
estudaram blendas, materiais originarios de dois ou mais polimeros com caracteristicas
constitucionais ou de configuracfes diferentes, e que possuem baixo grau de ligagdo quimica

entre si. Blendas essas provenientes de poliestireno e amido termoplastico usando dois
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plastificantes, glicerol e dleo de buriti, e assim obtiveram resultados satisfatorios, 0 que 0s

levaram a sugerir que o 6leo de buriti produz blendas termicamente mais estaveis.

3.2.1 Embalagens antioxidantes

Um dos mecanismos mais constantes de deterioracdo e reducéo da vida de prateleira dos
alimentos, principalmente em carnes e derivados, é a oxida¢do (VERMEIREN et al., 1999).
Além de modificar o sabor, cor e a qualidade nutritiva (perda de vitaminas e degradacdo de
lipidios) dos alimentos, a oxidacdo também produz compostos reativos e tdxicos que
caracterizam um grande risco para 0s consumidores, pois estdo associados a muitas doengas
multifatoriais, principalmente céncer, doengas cardiovasculares e desordens inflamatorias
(KAWANISHI et al., 2002; SACHIDANANDAME et al., 2005; LAGUERRE et al., 2007;
LEGOYNIE et al., 2012; JOHNSON e DECKER, 2015; SOLADOYE et al., 2015).

Diversas substancias antioxidantes tém sido usadas na industria para inibir a oxida¢do em
alimentos. Entretanto, a incorporacdo de antioxidantes em alimentos pode modificar os
parametros de qualidade alimentar, como a cor ou o sabor, além de que ha por parte do
consumidor, uma preferéncia por exclusdo de aditivos em alimentos (MITSUMOTO et al.,
2005; PEREIRA et al., 2015).

Uma das tecnologias alternativas que levam a grandes expectativas para preservar
alimentos sensiveis a oxidacao é a embalagem ativa antioxidante (LEE, 2005). Esse sistema se
assemelha a embalagem antimicrobiana, uma vez que consiste na incorporagdo de substancias
antioxidantes em filmes plasticos, papéis ou sachés, de onde ocorre liberacdo para proteger 0s
alimentos da degradacdo de cunho oxidativo, inibindo as reacfes de oxidacéo ao entrarem em
contato com radicais livres e perdxidos e, consequentemente, levando ao aumento da sua vida
de prateleira (VERMEIREN et al., 1999; BRODY et al., 2001; LEE et al., 2004; TOVAR et
al., 2005; MIN; KROCHTA, 2007).

A tecnologia de embalagem antioxidante se apresenta promissora para aplicacfes
comerciais, entretanto é fundamental que elas se adequem a critérios da seguranca dos
alimentos. A liberacdo dos antioxidantes sintéticos para os alimentos gera preocupacdes nos
consumidores no que diz respeito a sua satde por estar associado ao potencial de carcinogénese
em algumas pesquisas (SIMIAO, 1985; VERMEIREN et al., 1999; YILDIRIM et al., 2001;
MELO; GUERRA, 2002). Alguns antioxidantes naturais que possuem a possibilidade de serem
utilizados incluem acidos fendlicos (a-tocoferol), acidos organicos (acido ascérbico), extrato de
plantas (alecrim, cha, etc.) e poliaminas (espermina e espermidina) (YANISHLIEVA-
MASLAROVA, 2001).
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Vargas Junior et al. (2015) avaliaram os efeitos antioxidantes de embalagens ativas para
a carne desenvolvida a partir de amido de milho, polietileno de baixa densidade linear (PEBDL)
e 4cido citrico e os autores puderam verificar que as amostras de carne embaladas com os filmes
ativos, armazenadas e refrigeradas mostraram uma reducdo significativa dos niveis de
substancias reativas ao acido tiobarbitirico (TBARS), subproduto da peroxidacdo lipidica
(degradacéo de gorduras).

Mir et al. (2017) reduziram o crescimento bacteriano a partir da reducdo da oxidacao
lipidica, mantendo ou melhorando as caracteristicas sensoriais e estendendo a vida de prateleira
da rista (carne moida com gordura) durante o armazenamento em temperatura ambiente e em
refrigeracdo por 25 dias com cominho, cardamomo e p6 de cravo em filmes.

Noor et al. (2018), utilizaram extrato de Aspargo racemosus em filmes de alginato de
calcio a base de maltodextrina em carne de cabra e observaram propriedades antimicrobianas e
antioxidantes, potencial para melhorar a estabilidade oxidativa lipidica e a qualidade de
armazenamento dos produtos carneos sem afetar suas caracteristicas sensoriais.

Ledo et al. (2019), evidenciaram a atividade antioxidante das nanoemulsées do 6leo de

buriti, que é capaz de reduzir o ion ferro e inibir a degradacdo oxidativa.

3.2.2 Embalagens antimicrobianas

Um dos tipos promissores de embalagem ativa é a embalagem antimicrobiana que
apresenta uma substancia de preferéncia natural incorporada ou imobilizada no material
utilizado na embalagem e tem a capacidade de eliminar ou inibir microrganismos deteriorantes
e patogénicos como, Salmonella typhimurium (BRINK et al.,, 2019), Bacillus cereus
(HASHEMI GAHRUIE et al., 2017), Escherichia coli (HAGHIGHI et al., 2019),
Staphylococcus aureus (GUO et al., 2019), Listeria monocytogenes (RADFORD et al., 2017).

Os filmes ativos com a funcédo de antimicrobiano podem proteger ativamente a superficie
do produto inibindo o desenvolvimento de microrganismos mudando ativamente a condic¢ao do
alimento embalado, preservando assim, sua qualidade e seguranca, mantendo as propriedades
sensoriais e levando ao aumento da vida de prateleira dos produtos (VERMEIREN et al., 2002;
ESPITIA et al., 2014). Esse sistema antimicrobiano é uma forma de embalagens ativas que
demonstra boas perspectivas sobretudo para carnes (KERRY; BUTLER, 2008; GALUS;
KADZINSKA, 2015).

A substancia natural selecionada com finalidade antimicrobiana pode ser incorporada
diretamente a matriz polimérica em rétulos, etiquetas ou contidos em sachés (OLIVEIRA;

OLIVEIRA, 2004). Essa adic¢do que ocorre nos filmes poliméricos pode ser realizada de duas
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formas: incorporacdo e imobilizacdo. Na incorporacdo, ocorre a liberagdo do agente
antimicrobiano para o alimento embalado, enquanto na imobilizacdo o composto atua apenas a
nivel de superficie do produto, sendo que cada forma se adequa de acordo com cada tipo de
alimento (HAN, 2005; ZHANG et al., 2021).

Batista et al. (2012) observaram atividade antimicrobiana do 6leo de buriti em bactérias
gram-positivas e gram-negativas.

Sung et al. (2014) realizaram um estudo do 6leo essencial de alho como agente
antimicrobiano e incorporaram a pelicula de embalagem de Polietileno de baixa densidade
(PEBD), onde a Listeria monocytogenes foi inibida.

Kporwodu et al. (2018) desenvolveram filmes ativos contendo nanoemulsdes de 6leo
essencial de canela que foi demonstrado forte atividade antimicrobiana contra bactérias Gram-
positivas e Gram-negativas a exemplo de Salmonella typhimurium, Bacillus cereus,

Escherichia coli e Staphylococcus aureus.

3.3 Biopolimeros

Polimeros sdo macromoléculas que podem ser caracterizadas por seu tamanho, estrutura
guimica e interaces intra e intermoleculares, e possuem unidades quimicas ligadas por
covaléncia, repetidas regularmente ao longo da cadeia, cuja repeticdo do mondmero indica o
grau de polimerizagio (MANO e MENDES, 1999). Enquanto que os biopolimeros séo
polimeros do tipo polissacarideo e proteina (ATARES et al., 2010) produzidos por organismos
Vvivos, vegetais ou microbianos (BORSCHIVER et al., 2008). Filmes desenvolvidos a partir de
biopoliméricos de proteinas e polissacarideos demonstram boas propriedades mecanicas, mas
sdo altamente permeéaveis a agua devido a sua natureza de maioria hidrofilica (KRISTO et al.,
2007).

Na producdo de um filme biopolimérico, uma macromolécula e um plastificante sdo
necessarios para a formacdo de uma matriz coesa e continua (DENAVI et al., 2009). As
macromoléculas mais utilizadas sdo as proteinas (colageno, glten, zeina, gelatina, caseina) e
os polissacarideos (alginato, pectina, amido, celulose, quitosana) (LUCKACHAN; PILLAI,
2011) ou a com a combinacédo desses materiais (DONHOWE; FENNEMA, 1992).

Os polimeros tém sua classificacdo de acordo com sua fonte (renovaveis ou
petroquimicas) ou pelo seu metodo producdo, com destaque para as seguintes categorias
(CLARINVAL; HALLEUX, 2005):

- Polimeros por sintese quimica convencional, acido polilactico (PLA), poli(e-caprolactona),

poli (succinato de butileno) e alcool polivinilico;
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- Polimeros por extracdo direta através da biomassa como polissacarideos, amido, quitosana,
celulose, pectina, proteinas, zeina de milho, gelatina, caseina, proteina de soja, gluten de trigo;
- Polimeros produzidos por microrganismos, polihidroxialcanoatos (PHAs), incluindo poli (B-
hidroxibutirato) (PHB), poli (hidroxibutirato-co-valerato) (PHBV), celulose bacteriana, goma
xantana e goma pululana;

- Polimeros obtidos pela mistura, de PLA-PHA, amido-PLA, amido-PHB, amido-poli (e-
caprolactona), derivados de celulose-amido, amido-alcool polivinilico, PHA-queratina,
quitosana-PLA e PHB-quitosana.

Guilbert et al. (1997), desenvolveram filmes de polissacarideos e proteinas que possuem
uma alta permeabilidade ao vapor d’agua, no entanto os polissacarideos apresentam efetiva
barreira a migracdo de lipidios, e os filmes de proteinas efetiva barreira para gases (KROCHTA,
2002; TANADA-PALMU; GROSSO, 2005). Geralmente os filmes elaborados a partir de
lipidios, apesar de uma barreira ao vapor de &gua comprovada, podem possibilitar a oxidacéo,
alterando caracteristicas sensoriais do produto (GUILBERT et al., 1997).

Entre as embalagens biodegradaveis, o polimero natural mais utilizado na producéo € o
amido, pela sua propriedade termoplastica (podem ser amolecidos pelo calor e endurecidos pelo
frio, repetidas vezes sem perder suas propriedades), € um composto de facil acesso e baixo
custo (CHIVRAC et al., 2010; KECHICHIAN et al., 2010; MALI et al., 2004).

A forga coesiva, ou tensdo, de um filme esta relacionada a estrutura quimica do polimero
utilizado, natureza do solvente, presenca de aditivos, como agentes de ligacbes cruzadas, e
condi¢cdes do meio durante a sua producdo. O grau de coesdo influencia na resisténcia, na
flexibilidade e na permeabilidade dos filmes (KESTER; FENNEMA, 1986; GONTARD;
GUILBERT, 1996).

3.3.1 Alginato de sédio

Os alginatos sdo polissacarideos indigestiveis de ocorréncia natural comumente
produzidos e refinados a partir de varios géneros de algas marrons como por exemplo,
Laminaria hyperborean, Macrocystis pyrifera, Ascophyllum nodosum; menor extensao
Laminaria digitate, Laminaria japonica, Eclonia maxima, Lesonia negrescens, Sargassum sp.
(SMIDSR@D; SKJAK-BRAK, 1990; NISPEROS-CARRIEDO et al., 1994; EMMERICHS et
al., 2004; SKURTYS et al., 2010; HAY et al., 2013). Algumas bactérias como Azotobacter
vinelandii ou cepas mucoéides de Pseudomonas aeruginosa também sintetizam polimeros do
tipo alginato como exopolissacarideo (substancias poliméricas extracelulares) (EVANS;
LINKER, 1973; EMMERICHS et al., 2004).
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A estrutura molecular dos alginatos é composta por copolimeros binérios lineares e nao
ramificados de residuos de acido -D-manurénico (M) e de acido -L-gulurdnico (G) ligados por
1-4 ligacdes glicosidicas (NISPEROS-CARRIEDO et al., 1994; HAY et al., 2013; MOE et al.,
1994; DRAGET et al., 2009). Uma estrutura de alginato de algas pode ser separada em trés
fracdes (trés blocos de &cido urdnico): sdo regides homopoliméricas dos blocos M e G e blocos
MG alternados contendo ambos os &cidos poliurdnicos (NISPEROS-CARRIEDO et al., 1994;
DRAGET, 2009; ANZAI et al., 1990). Os alginatos bacterianos tém grupos O-acetil, enquanto
eles ndo estdo presentes na estrutura dos alginatos de algas (DAVIDSON et al., 1977). Além
disso, os alginatos bacterianos tém maior pesos moleculares comparados aos polimeros de algas
(CLEMENTI, 1997).

A propriedade mais interessante dos alginatos é sua capacidade de reagir com cations
metalicos polivalentes, especificamente ions céalcio. Os ions estabelecem a associacdo
cooperativa entre os blocos M e G, resultando em uma rede tridimensional onde podem ser
embalados e coordenados. Esse arranjo é retratado como o modelo de "caixa de ovos" na Figura
1 (GRANT et al., 1973).

Figura 1 - Reticulagdo de alginato com formagcédo de Ca*2 na "caixa de ovo"

Modelo “caixa de ovo” (egg-box)

Alginato

e —0—0
/'\ A~ A —
S ‘,\ff\ 4*/\
Y~
\J/\j-\/<;\/;./\A/‘d J; ‘
e

Fonte: Adaptado de KUHBECK et al., 2015

Como os filmes de alginato sdo matrizes hidrofilicas, o processo de reticulacdo com
cations polivalentes tem sido usado para melhorar suas propriedades de barreira a agua,
resisténcia mecanica, coesao e rigidez (RHIM et al., 2003; RHIM, 2004). A incorporacgdo de
Oleos nessa matriz despende da utilizagdo de um componente emulsificante.

A Food and Drug Administration (FDA), 6rgdo de regulamentacdo alimenticia dos
Estados Unidos da América, classifica o alginato de sédio de grau alimentar como substancia

GRAS (geralmente considerada segura) no Titulo 21 do Cdédigo de Regulamentos Federais
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(CFR) e lista seu uso como agente emulsificante, estabilizador, espessante e gelificante (FDA,
2020).

O alginato é usado em varias industrias, além de alimentos, bebidas, téxtil, impresséo e
farmacéutica como agente espessante, estabilizador, emulsificante, agente quelante,
encapsulamento, expansor, agente de suspensdo ou usado para formar géis, filmes e membranas
(KIM et al., 2000; HAY et al., 2013). Também é amplamente utilizado na emulsdo e em
produtos de carne reestruturados como agentes de producdo, espessamento, suspensao e
estabilizacdo de emulsdo, pois, suas propriedades de espessamento, alta estabilidade e boa
caracteristica de gelificagdo podem melhorar a suculéncia, a textura, a cor e o sabor dos
produtos a base de carne (RAHARJO et al., 1994; KUMAR et al., 2007; FERNANDEZ-
MARTIN et al., 2009; CHEN et al., 2014; SALDANA, et al., 2015; ZHENG et al., 2019).
Saldana et al. (2015) mostraram que as quantidades de liquido liberadas de produtos do tipo
Mortadela formulados com alginato de sodio foram diminuidas e diminuiram o impacto na

estrutura de produtos de carne com baixo teor de gordura.

3.4 Oleo de buriti

Mauritia flexuosa L.f., também chamada de buriti € uma palmeira da familia Arecaceae
encontrada em todo o territorio brasileiro, com foco na Amazonia e Cerrado (CANDIDO et al.,
2015). A polpa de seus frutos e laranja e possui altas concentracGes de beta-caroteno
(RODRIGUES et al., 2010), vitaminas A, B, C e E, proteinas e minerais (calcio, ferro). O 6leo
pode ser extraido da polpa da fruta quando prensada a frio e € rico em acidos graxos
monoinsaturados, e pode ser comparado a outros 0leos de grande valor comercial como 6leo de
oliva, canola e amendoim (MANHAES; SABAA-SRUR, 2011; FREIRE et al., 2016). A sua
composicdo fendlica tem despertado interesse como antioxidante, cicatrizante, fotoprotetor e
antimicrobiano (KOOLEN et al., 2013).

O 6leo extraido da polpa do buriti é conhecido por suas propriedades funcionais devido
as altas concentrac@es de acidos graxos monoinsaturados, em maior quantidade que os 6éleos de
oliva e castanha do Brasil (VIEIRA et al., 2006; AQUINO et al., 2012).

Os flavondides sdo os principais polifendis presentes nos extratos de buriti,
principalmente os flavonodides glicosilados e antocianinas, que S0 responsaveis por sua
capacidade antioxidante (KOOLEN et al., 2013). A polpa de buriti contém 18:2 (acido
linoléico) (COSTA et al., 2010). O perfil de acidos graxos do 6leo extraido da polpa de buriti
apresenta um alto teor de 18:1 (&cido palmitico) e baixo teor de 18:2 (acido linoléico) (SILVA
et al., 2009; RODRIGUES et al., 2010; DARNET, 2011).
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O estudo de Schlemmer e Sales (2010) demonstrou que os materiais polimericos para
embalagens produzidos com 6leo de buriti apresentam, além de um melhor efeito plastificante
e uma maior suscetibilidade a degradacédo no solo, ou seja, de natureza biodegradavel, evitando
acumulo de pléasticos ndo biodegradavel no meio ambiente. Durédes et al. (2006) observaram
que quando o oOleo de buriti € misturado a polimeros petroquimicos possibilita a obtencéo de
materiais fotoprotetores e fotoluminescentes, mais flexiveis e com excelente estabilidade
térmica. Pimentel et al. (2007) e Schlemmer et al. (2007) chegaram a conclusédo de que o 6leo

de buriti pode agir como plastificante de filmes de amido.

3.4.1 Atividade antioxidante do 0leo de buriti

A atividade antioxidante do extrato de dleo de buriti foi relacionada ao alto teor de
carotenoides (KOOLEN et al., 2013). Com isso, ele apresenta alta estabilidade oxidativa,
devido ao alto teor de tocoferol (RODRIGUES et al., 2010). Os compostos fendlicos se
encontram em maior concentracdo na casca do que na polpa da fruta buriti (CANDIDO et al.,
2015). O estudo realizado por Resende et al. (2019), demostrou que as farinhas dos subprodutos
do buriti podem ser consideradas fontes relevantes de fibras alimentares e antioxidantes
naturais, com diferencas na composicdo e desempenho antioxidante das farinhas justificadas
pelas fungdes boténicas de cada parte da fruta. Koolen et al. (2013) revelaram que as frutas da
Mauritia flexuosa contém uma quantidade consideravel de compostos fenolicos responsavel
por sua atividade antioxidante. No trabalho de Ledo et al. (2019), foi evidenciada a atividade
antioxidante das nanoemulsdes do 6leo de buriti, que é capaz de reduzir o ion ferro e inibir a
degradacdo oxidativa. Semelhantemente, Nonato et al. (2020) demonstraram que o 6leo da
polpa da fruta da M. flexuosa possui moderada atividade antioxidante priméria e boa capacidade

de quelar de ions de ferro.

3.4.2 Atividade antimicrobiana do dleo de buriti

Os compostos que apresentam grupos fendlicos, como o extrato de buriti sdo mais
efetivos na atividade antimicrobiana (DORMA; DEANS, 2000). Entretanto, Nazif (2002)
reportou que os acidos graxos insaturados possuem atividade antimicrobiana. Extratos fenélicos
das folhas, troncos e frutos e buriti foram avaliados quanto a atividade antimicrobiana e
mostraram atividade fraca a moderada sobre as seguintes bactérias, Staphylococcus aureus,
Pseudomonas aeruginosa e Micrococcus luteus, porém, ndo apresentou agdo antimicrobiana
contra Escherichia coli e Bacillus cereus (KOOLEN et al., 2013). Enquanto que, Nazif (2002)
e Silveira et al. (2005) indicaram que os acidos graxos saturados e insaturados poderiam

contribuir para a atividade antimicrobiana contra algumas bactérias patogénicas. A alta
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atividade antimicrobiana do buriti contra Staphyloccocus aureus e Pseudomonas aeruginosa
foi associada aos epicarpos e mesocarpos maduros, extraidos com etanol e particionados com
hexano e acetato de etila. Castro et al. (2020) encontraram um aumento da capacidade
antimicrobiana do Oleo de buriti quando esse foi submetido a encapsulacdo. Testes
demonstraram atividade antimicrobiana moderada para os frutos, pela composi¢do quimica,
evidenciando a auséncia de acidos graxos e fenolicos derivados do acido chiquimico (KOOLEN
etal., 2013).

3.5 Técnica de “casting”

A técnica de “casting” é bastante utilizada em fabricacdo de filmes biodegradaveis. O
filme é formado a partir da necessidade que a macromolécula usada possua a capacidade de
formar uma matriz continua e coesa (MALI; GROSSMANN; YAMASHITA, 2010). Essa
técnica é baseada no espalhamento da solucdo precursora da amostra sobre um substrato
(geralmente uma placa de vidro) e submetida a evaporacdo. Apds essa evaporacao total do
solvente utilizado, o filme é formado sobre a superficie do substrato. A evaporacdo do solvente
pode ser acelerada por aquecimento em estufa (AMBROSI et al., 2008).

Nessa técnica, a espessura do filme exige bastante atencao, visto que a ela é diretamente
dependente da viscosidade da solugdo. No caso de solugdes muito viscosas, a solugéo deve ser
espalhada com algum equipamento para controlar a espessura da solu¢do no suporte. J& em
solucBes diluidas, o controle da espessura ocorre através do conhecimento da gramatura do
material obtido. Esta técnica exige um controle rigoroso da forma do suporte e do nivel da
estufa para evitar diferencas na espessura provocadas por desniveis durante a secagem. A
espessura influencia diretamente as propriedades mecanicas e a permeabilidade ao vapor de
agua (SOBRAL, 2000; MALI et al., 2004; GALDEANO, 2007).
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ABSTRACT

The polymeric materials derived from petroleum used for their versatility, are non-recyclable
materials with low biodegradability and led to accumulation of waste and an environmental
problem. Sodium alginate (SA) is a biopolymer, produced by plant or microbial organisms and
is used in the food industry. Buriti oil (BO) (Mauritia flexuosa) has a phenolic composition
with antioxidant, photoprotective, plasticizing and antimicrobial properties. That said, this work
aimed to develop, characterize and test films of sodium alginate incorporated into buriti oil for
conservation of hamburgers in storage. The films were prepared using the technique of
"casting™ with the filmogenic solution of SA, with concentrations of 0; 0.5; 1.0; 1.5% of BO.
The variables analyzed in the films were thickness, mechanical properties, thermal analysis and
toxicity. According to the results, the 0.5% film showed the closest desirable properties in the
industry and for this reason it was used in the evaluation of the shelf life of the hamburger, on
days 0, 3, 6 and 9 (4°C), in which demonstrated a reduction and/or maintenance of pH, reduction
of water loss, maintenance of color, texture and decrease of microbiological count. The
development of sodium alginate films incorporated into buriti oil for hamburger conservation

has proved to be promising for the food industry.

Keywords: Antimicrobial, antioxidant, Mauritia flexuosa, package.

1 INTRODUCTION

The correct conservation of food occurs when the packaging has the function of
maintaining the safety and quality of food products throughout the transport and storage process
(RHIM et al., 2013; OTONI et al., 2017). Currently, food packaging is mainly made from
petroleum-derived plastic to extend the shelf life of food, but most of these materials are non-
recyclable and have low biodegradability, which has caused excessive waste disposal and
environmental pollution problems (CHI; CATCHMARK, 2018). From this concern, interest in
research for biodegradable polymers has been growing (IMRE; PUKANSZK, 2013;
PEELMAN et al., 2013; ZHANG et al., 2021). Several new concepts were introduced in food
packaging to satisfy consumer demands (SOUZA et al., 2013; MOHAMED et al., 2020). Thus,
the trend in the development of active packaging is in the study of the use of natural bioactive
substances incorporated through the biopolymer matrix emulsion process, improving the
mechanical, barrier and antimicrobial activity properties (GALUS; KADZINSKA, 2015).

Alginate is classified as a polysaccharide biopolymer and is used in various industries, in

addition to food, beverage, textile, printing and pharmaceuticals as a thickening agent,
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stabilizer, emulsifier, chelating agent, encapsulation, expander, suspending agent or to form
gels, films and membranes (HAY et al., 2013).

Mauritia flexuosa L.f., also called buriti, is a palm tree of the Arecaceae family found in
the Amazon and Cerrado (CANDIDO et al., 2015). The antioxidant activity of buriti oil extract
was related to the high content of carotenoids present (KOOLEN et al., 2013). Enabling the use
of oil in association with alginate film, which has a phenolic composition with an antioxidant,
antimicrobial, photoprotective effect and also reported as a plasticizer (KOOLEN et al., 2013;
PIMENTEL et al., 2007; SCHLEMMER et al., 2007).

This study aimed to incorporate buriti oil in the sodium alginate film, as it was not found
in the literature, to produce resistant films with better biodegradation in the environment, in
addition to having active antimicrobial and antioxidant action that are characteristic for a correct
conservation of burger, as well as the function of maintaining safety and quality during transport
and storage against possible contaminants: microorganisms, chemicals, oxygen, moisture, light,
extending the shelf life of the hamburger. That said, the objective of this work was to obtain
and characterize films of sodium alginate incorporated into buriti oil to, from the results, choose

the film with the best concentration for subsequent application in hamburger packaging.
2 MATERIAL AND METHODS

The project was carried out with the scientific collaboration of laboratory entities of the
Federal University of Bahia (UFBA) and the Animal Nutrition Laboratory (LANA) of the
Center for Rural Health and Technology (CSTR) of the Federal University of Campina Grande
(UFCG), Campus de Patos/PB and in partnership with the laboratories that are part of the Post-

Graduate Program in Food Sciences at the Faculty of Pharmacy at UFBA.

2.1 Elaboration of active films

For the preparation of the films, the “casting” technique was used, which consists of
preparing the filmogenic solution (SF) deposited on a support, followed by drying the solvent
according to methodologies adapted from Oussalah et al. (2006) and Vasconcelos et al. (2021)
The films were prepared from a solution containing 3% sodium alginate (m/v) (Dinamica®),
2% glycerol (m/m) (Alphatec®) as plasticizer, 1% tween 80 (m/m) as an emulsifying agent in
distilled water. The components were mixed and heated under gradual stirring with the aid of a
glass rod in a magnetic stirrer until reaching a temperature of 70 °C/40 min. Pure vegetable
buriti oil was added to the filmogenic solution, while still heated, purchased from a local

commerce in the municipality of Teresina-Pl, with concentrations of 0; 0.5; 1.0; 1.5% (m/m) of
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the oil and again subjected to stirring for 20 min. at a speed of 10,000 RPM using a Mondial®
brand mixer with heating (70°C).

After preparing the solutions, 40g of these were poured onto polyester plates (90x15 mm)
and dried for 24 hours in an air-circulating oven at 45 °C. After drying the films, they were
removed from the plates, wrapped in aluminum foil and placed in ziplock plastic bags at room
temperature, for further characterization of the films.

2.2 Characterization of films

2.2.1 Thickness and weight

Thickness was analyzed by measuring the values of 5 random points in different segments
of the films, using a micrometer (Digimess, Brazil) with a resolution of 0.01 mm, in triplicate,
with fifteen readings for each type of film. using samples of size 90x15 mm (OLIVEIRA,
1996).

2.2.2 Mechanical properties

The modulus of elasticity, tensile strength and fracture deformation of films with different
amounts of Buriti oil (0, 0.5, 1 and 1.5 %) were measured and compared using a texture analyzer
(TA.XT plus, Stable Micro Systems Ltd., Vienna, UK). The initial separation of the claws was
10 mm and the traction speed was 5 mm/min. Data from the stress-strain (MPa) versus
Deformation (%) curves were collected and processed in the equipment's software. Young's
modulus for the samples was reached considering the tangent of the elastic region of the stress-
strain x Deformation curves. Elongation values at break were calculated as the ratio of the final
length at the break point of the specimen to the initial length of a specimen (10 mm) and
expressed as a percentage. Ten repetitions were performed for each sample with dimensions of
50 mm in length and 10 mm in width. Before analysis, samples were kept for 2 days in a
controlled environment at 25 °C and 50% relative humidity. Methodology adapted from ASTM
D882-12 (2016) standards.

2.2.3 Thermal analysis

The device used to obtain the curves was the thermal analyzer model DTG-60 Shimadzu.
About 4 mg of each sample were used in an alumina (aluminum oxide) crucible. The
programming used was adapted from Silva et al. (2016): temperature range 30 to 600 °C, with

heating rate of 10 °C/min, under dynamic flow of nitrogen in the oven (100 mL/min).
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The initial degradation temperature used was Tonset, it is identified by the crossing
between lines a and b, and is called extrapolated start or mathematical start, characterizing the
best point that represents the degradation of the analyzed compounds.

For the differential scanning calorimetry (DSC) curves, the thermal analyzer instrument
was used. Model DSC-60 Shimadzu, under a nitrogen atmosphere at a flow of 50 mL.min, at a
heating rate of 10° C.min-1, in a temperature range from 30 to 600° C, using an alumina

crucible, containing about 4 mg of sample.

2.2.4 Toxicity test

The toxicity of the films produced was determined by the bioassay with Artemia salina.
The toxicity test with Artemia salina nauplii was performed according to the methodology
adapted from Meyer et al. (1982). To hatch the eggs, conditions of constant aeration and
artificial lighting for 48 hours and saline solution at a concentration of 12 ppm, consisting of
15.153 g of NaCl, 1.398 g of MgCl, were used. 1.888 g of MgSO*, 0.652 g of CaCl?, 0.414 g
of KCl and 0.116 g of NaHCO? in 1.0 L of distilled water.

After 48 h, 10 Artemia salina nauplii were transferred to test tubes containing 5 mL of
artificial saline and then, the larvae were exposed to different concentrations in the tubes (0;
100; 500; 1000; 5000 pg.ml) of each film (0; 0.5; 1.0; 1.5% buriti oil) for 48 h and kept under
conditions of constant aeration and artificial lighting during a saline solution at a concentration
of 12 ppm at a temperature of 28 °C. Negative control was performed with artificial saline
solution. The nauplii survival rate was measured after 24 and 48 h of exposure. Being
considered alive all those who showed any type of movement when observed close to a light
source for 10 s. All tests were performed in triplicate.

The lethal concentration (LC50) for samples of brine shrimp was used to classify the
toxicity as follows: > 1000 ug.ml (non-toxic), 500 < LC50< 1000 (low toxicity), 100 < LC50<
500 (moderate toxicity), LC50 < 100 (high toxicity).

2.3 Evaluation of films on the shelf life of the hamburger

The hamburger was produced with a proportion of 90% beef soft top and 10% bacon,
without the addition of spices and salt (Miller et al., 1993), so as not to interfere in the analysis.
Meat and bacon were purchased from a local slaughterhouse (Patos-PB) and periodically
inspected (BRASIL, 2004).

The hamburgers produced with a standard size, thickness and weight of 100 g each with
the aid of a mold, were packaged according to the experimental group, previously sterilized in

a hood with UV light, using a sealer, and subjected to the treatments: A: Control (without film),
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B: Sodium alginate film, C: 0.5% buriti oil film, stored at 4 °C, simulating typical conditions
of the Brazilian market. The experimental period took place on days 0, 3, 6 and 9 under the
above conditions, according to the methodology adapted from Jridi et al. (2018), with the
following analyses: cooking loss and shrinkage, water retention capacity, pH, color, texture,
heme iron content and microbiological analysis of the hamburgers.

The tests described below were used to evaluate the effectiveness of the film according
to the results obtained in the characterization of sodium alginate films produced in different
concentrations of buriti oil, the film with the concentration of 0.5% oil was indicated for the

evaluation of shelf life in the hamburgers, after removing the coatings.

2.3.1 Loss by cooking and shrinkage
Cooking weight loss and shrinkage were analyzed in triplicate of hamburger samples, by
the difference in weight and diameter of the hamburgers before and after roasting, according to
equations proposed by Duckett et al. (1998).
A grill (Britania® mega 2n) preheated to 200 °C, a digital skewer thermometer
(Incoterm®) was used to monitor the internal temperature of the hamburger until the geometric

center reached 70 °C and an inelastic measuring tape to check the diameter of the samples.

- ) Weight of cooked sample
Equation 1 % Loss by cooking = - X 100
Raw sample weight

Equation 2

] (Diameter of raw sample — Diameter of cooked sample )
%shrinkage = : x100
Diameter of raw sample

2.3.2 Water holding capacity

The water retention capacity (CRA) was determined by placing the samples of
hamburgers with approximately 300 mg in filter paper previously weighed (P1), and pressed
for 5 minutes, using a weight of 3.4 kg. After pressing, the hamburger samples were removed
and the paper was weighed again (P2). The calculation used for the water holding capacity was
performed with the aid of equation 3, where “S” represents the sample weight, according to the
method proposed by Sierra (1973). The water holding capacity analyzes were carried out in

triplicate measurements in the four treatments.

Equation 3

WHC% = (P2 — P1)/S X 100
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2.3.3 pH

The pH was measured using a digital pH meter combined with a TECNAL® brand glass
electrode, model Tec-3MP, introduced into a 5g sample of the hamburger that was weighed and
homogenized with 50ml of deionized water (ZAPATA et al. 2000).

2.3.4 Color

To assess the color of the surface of the hamburger throughout the experimental storage
period, the cuts of meat were standardized to a thickness of at least 15 mm, followed by
exposure to air for 30 min. at room temperature after removing the films for evaluate the color,
so that the readings could then be taken with the aid of a colorimeter (KONICA MINOLTA,
model CR-400), operating in the CIELAB system (L*,a*,b*), with L* being the luminosity,
variable of the black (0%) to white (100%); a* the intensity of the red color, varying from
green(-a) to red (+a); and b* the intensity of the yellow color, varying from blue (-b) to yellow
(+b). Three measurements were taken at different points on the hamburger, using the mean
values for color representation, according to the methodology described by Wheeler et al.
(1995).
2.3.5 Texture evaluation

Texture profile analysis (TPA) was determined on the cooked hamburger after cooking

loss analysis in a TA-XT plus texture analyzer (Stable Micro Systems, Godalming, England)
and using its own Exponent Gram equipment, version v. 51.1.0, based on the method described
by Bourne (1978). The parameters performed were hardness (N * cm-2), being the maximum
force to compress the product, cohesion: which the sample can be deformed after rupture;
elasticity: the ability that the product tends to regain its original shape after the force has been
removed, and chewiness: the work required to chew the sample. For TPA results, ten repetitions

were performed for each treatment.

2.3.6 Heme iron content

The total heme iron content was determined as previously described by Clark et al.
(1997). The hamburger sample (2 g) was homogenized with 9 mL of acidified acetone (90%
acetone, 8% deionized water, 2% HCI). The homogenate was placed for 1 hour at 25 °C in the
dark and then filtered through glass wool. The absorbance of the filtrate was determined at 640
nm. The absorbance was multiplied by a factor 6800 and then divided by the sample weight to
obtain the total pigment concentration in the meat with hematin/pg of meat. The iron content
was calculated with the factor of 0.0882 ug iron.ug hematin (MERCK, 1989). The amount of

heme iron was expressed in pug/g of hamburger and calculated using the following equation 4:
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Equation 4 Heme iron = A640 X 680 x 0,0882

2.3.7 Microbiological analysis

The hamburger samples, after removing the films, with 25g of all groups (control and
tests) were collected in sterilized bottles containing 225 mL of maximum recovery diluent [0.1
% (w/v) of peptone in NaCl solution 0.9 % (w/v)], and then homogenized for 5 min. In a sterile
environment, dilutions from 107! to 10 were made using the maximum recovery diluent. One
milliliter of each dilution was added to sterile Petri dishes, then approximately 15 mL of Plate
Count Agar culture medium at 40 °C was added. The plates were gently shaken and incubated
at 30 °C and 4 °C for 3 and 7 days, respectively, for counting mesophilic and psychrophilic
microorganisms. All analyzes were performed with 3 replications. Indicator microorganisms
(microbiological and sanitary standards) were evaluated according to RDC No. 12 (BRASIL,
2001; BRASIL, 2019).

2.4 Statistical analysis

In the characterization of the films, the data were evaluated and descriptively interpreted.
The results of the shelf-life assessment, repeated in triplicate, were expressed as the mean and
standard deviation. Group means were compared, between times, using one-way analysis of
variance (ANOVA) followed by Tukey, which was used to determine differences between
treatments within the 95% confidence interval, using the GraphPad Prisma Software. Statistical

data were considered significant with p >0.05.

3 RESULTS AND DISCUSSION

3.1 Elaboration of active films

In preparing the films, the range of 0; 0.5; 1.0 and 1.5% concentration of buriti oil was used

(Figure 1). It was observed that buriti oil extravasation occurred from the films to the plate after

drying, in relation to the addition of oils in higher concentrations (2.0 and 2.5%), even after

changing the proportions of the emulsion solution, thus representing unfeasible losses of the

product, justifying the concentration range used.

Figure 1 - Filmogenic solutions in different concentrations of buriti oil and their respective films. A: 0%,

B: 0.5%, C: 1.0%, D: 1.5%.
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Image source: Personal archive

3.2 Characterization of active films

After production, the thickness of the films was evaluated at 5 points and according to the
average values, shown in Table 1, they were used in the calculation of the mechanical properties
presented below. The thickness increased slightly descriptively according to the inclusion level
of buriti oil in relation to the treatment without inclusion up to 1%, where from 1.5% the
thickness was maintained. Yerramathi et al. (2021), found no significant differences in
thickness between sodium alginate films with different additions of ferric acid concentrations
and, similarly to this study, the inclusion of oil did not change the thickness of the alginate

films.

Table 1 - Thickness of alginate-based active films incorporated into buriti oil at different
concentrations
Concentration of buriti oil (%0)
0 0.5 1 15
Thickness (mm) 0.09+0.01 0.08+0.01 0.10+0.01 0.10+0.01

Films

Source: Personal archive
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3.2.1 Mechanical properties

Mechanical properties are related to the chemical structure of biopolymer films
(MARTINS et al., 2012). Figure 2 shows the mechanical properties of films with different
concentrations of buriti oil. It can be seen that the addition of buriti oil enhanced the mechanical
response of the films. The increase in mean values of tensile strength (RT) indicates more
resistant films, and a decrease in elastic modulus (EM) and increase in fracture deformation
(DF) indicate more flexible films. Although this improvement in mechanical properties
occurred, it was not statistically significant (P<0.05), probably due to the number of samples
analyzed and the high standard deviation, except for ME with 1% OB compared to 0% OB
(Figure 2.A). The ME decreases when buriti oil is added, and from the concentration of 1.5%,
the values rise again, losing the film strength needed in packaging. The tensile strength
increases with 0.5%, however as the oil concentration increases, this strength decreases. In
terms of fracture deformation, both 0.5% and 1% had similar results, decaying again from the
concentration of 1.5%. The inclusion of buriti oil generates more resistant and more flexible
alginate films up to a concentration of 0.5%, but as this concentration increases, the films lose

these favorable characteristics.

Figure 2 - Analysis of (a) modulus of elasticity, (b) tensile strength and (c) fracture
deformation of films with different concentrations of OB - buriti oil. Results were presented
as mean and standard deviation. *p<0.05.



48

(A) (B)

Elastic Modulus (Mps)
Tensile Strenght (Mpa)

. '\‘“ omOn “nos 10e ' n.o- LR Y. moe 1o
“1(©)

E =

g »4

! | ll.

w " l
v " oe LR LN “os 1N Oos

Image source: Personal archive

According to the work by Silva et al. (2016), as the concentration of buriti oil increased,
the plasticity of the films and elongation at break increased and the tensile strength was reduced,
suggesting that buriti oil acts as a plasticizer, which is in agreement with this study. For the
development of films for use in food, the 0.5% concentration film showed more favorable and
desirable mechanical properties. Silva et al. (2016) demonstrated that the chitosan film with
only buriti oil lost its flexibility without the presence of the plasticizer (glycerol), making the

plasticizer necessary in the preparation of the films together with the buriti oil.

3.2.2 Thermal analysis

From the TG curves (Figure 3) it is possible to observe descriptively that the control film
presented three main events of thermal degradation, while the films with the addition of buriti

oil presented four events.

Figure 3 - TG curves for alginate films with buriti oil.
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The temperature range of the 1st stage (30-125°C) was similar for all films and
demonstrates the output of moisture by the hydrophilic matrix of the alginate, with a slight
decrease in the curve, that is, an increase in moisture loss, according to with the increase in the
concentration of buriti oil, suggesting the presence of the oil, it forms a kind of barrier that
prevents loss of moisture. The second stage (189 - 0%; 191 - 0.5%; 192 - 1.0%; 195 - 1.5%),
allowed to evaluate the thermal stability of the materials and, according to the increase in oil
concentration, there was a slight increase in this stability proportional to the oil concentration
level. To assess the onset of thermal degradation, the Tonset parameter (Initial extrapolated

degradation temperature) was used.

Silva et al. (2016) demonstrated similar TG curves to this study using chitosan films
incorporated into buriti oil, as chitosan is also a polysaccharide. A third peak (350 °C) was
associated with the decomposition of phenolic compounds present in the composition of buriti
oil (SILVA et al., 2016), as the film without the oil did not present this same peak. Aloui et al.
(2021) incorporated gall nut extract (Quercus infectoria) to the alginate film and the thermal
stability did not increase as observed in this work, demonstrating that buriti oil may be
associated with increased thermal stability in the alginate film, corroborating with the literature,
which suits the characteristics of the packages (DURAES et al., 2006; OTONI et al., 2017).
After this analysis, it was possible to observe that the thermal stability of the alginate films

increased according to the level of inclusion of buriti oil, the most notable improvement in the
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thermal stability of the films occurred between 250 and 350 °C, where it was lower Degradation
rate according to the increase in the oil content entered, observation being possible from a

concentration of 0.5%.

3.2.3 Differential Scanning Calorimetry (DSC)

The DSC curves showed endothermic (peak down) and exothermic events. For all films,
descriptively analyzed, the 1st endothermic peak is related to the moisture present, as already
verified in the TG curves. As seen in Figure 4, the temperature of this event increased with the
addition of oil, similarly for all levels, that is, moisture was released in a wider temperature
range, between 113 and 115°C. This may indicate that the presence of oil increases the
hydrophobicity of the oil in the films and, consequently, in the product, maintaining the natural
moisture of the food as well as preventing the absorption of moisture from the air, being an
important influence on the shelf life of the product in which the film is wrapped (SILVA et al.,
2016). The endothermic event at 185°C (2nd peak) for the oil-free film is likely due to the onset
of thermal degradation, which continues to occur through exothermic events at 205 °C (3rd
peak) and 213 °C (4th peak). Pereira et al. (2011) found that the unprocessed sodium alginate
powder showed two endothermic and one exothermic peak, where the initial endothermic peak
was observed at 82.8°C, similar to this work. For films with oil addition, the exothermic event
(4th peak) of thermal degradation occurred at a higher temperature, similar to all oil additions,
confirming that oil improves the thermal stability of the film, corroborating the TG curves.
Pereira et al. (2011) used aloe vera in alginate films, where they found a slight increase in film
stability and an increase in degradation temperature, similarly to this study.

Figure 4 - DSC curves for alginate films with buriti oil.
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Since in this study there was application of the film in food, seeking to ensure safety,

since the oil was purchased from local stores, and a possible migration of the active to the food

occurred, the toxicity test of films containing buriti oil was carried out. The brine shrimp is

widely used and reliable as a biological assay for demonstrating good correlation with several
biological activities (MEYER et al., 1982). The bibliography also reveals a good correlation
between the bioassay with Artemia salina to predict the toxicity of extracts from different plants

in humans (PARRA et al., 2001). The results obtained are in figures 6 and 7.

Figure 6 - Artemia salina survival rate in the film toxicity test at concentrations 0; 0.5;

1.0; 1.5 % buriti oil after 24h.
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The Food and Drug Administration (FDA, 2020), the US food regulatory body, classifies
food grade sodium alginate as a GRAS (generally considered safe) substance under Title 21 of
the Code of Federal Regulations (CFR), demonstrating the safety of using sodium alginate as a
film in food. Regarding buriti oil, it is described in the literature as a functional food according
to its characteristics, such as the presence of a large amount of omega-9 fatty acid, which help
prevent cardiovascular disease, sulfur amino acids, important for premature babies and
tryptophan, a precursor of niacin, considerable amounts of carotenoids, polyphenols and
ascorbic acid, which can be used to prevent diseases arising from oxidative stress, such as
cancer (SANTOS et al., 2015). High R-carotene content along with its pro-vitamin A activity
(MELENDEZ-MARTINEZ et al., 2013). What identifies the low toxicity associated with buriti
oil.

Figure 7 - Artemia salina survival rate in the film toxicity test at concentrations 0; 0.5;
1.0; 1.5 % buriti oil after 48h.
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3.3 Assessing the effect of films on hamburger shelf life

According to the results obtained in the characterization of sodium alginate films
produced at different concentrations of buriti oil, the film with a concentration of 0.5% oil was
indicated for the evaluation of shelf life in hamburgers, as it presented characteristics
mechanical and thermal more stable, lower cost due to the smaller amount of oil used in
production, close to what is desirable for the food industry and that describe active films (RHIM
et al., 2013). Furthermore, none of the films showed toxicity in the tests.

3.3.1 Instrumental parameters of hamburger quality

When observing the pH values in Table 2, both the treatment in the control and in the 0%
film, there was an increase according to days 0 and 9 of storage of the hamburgers, while in the
film with 0.5% buriti oil these numbers were observed. remained stable or decreased, but
without significant difference between treatments, which can be explained by the likely
antioxidant action of the oil neutralizing free radicals formed (SANTOS et al., 2015), within
what is considered normal for beef, where the limit maximum considered viable for
consumption varies between 6.0 and 6.4 (BRASIL, 1997). The reduced pH observed in the

presence of 0.5% buriti oil film in meat storage is indicated for the reduction of bacterial growth
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that leads to a delay in protein denaturation and thus, consequently, less water loss from this
product, leading to conservation of the meat longer in shelf life (OFFER, 1991).

Figure 8 - Hamburgers prepared for storage. A: Control (without film); B: With alginate film; C: With

alginate film and 0.5 % buriti oil.

Image source: Personal archive

In table 2, it is possible to observe that the parameter of water holding capacity had a
slight increase to 0.5% BO on day 9 of the study compared to the control. As for the iron content
(Table 2), there were no significant changes during the study period (p>0.05). The iron content
is related to the color index of the red hue (a*) of the samples, as it indicates the amount of
myoglobin in the meat (JOHNS et al., 1989). During the lipid oxidation process, heme iron can
be partially converted to non-heme iron in meat, that is, the higher the iron content, the greater
the catalysis of lipid oxidation that occurs at the time of this conversion. (REZAEI; HOSSEINI,
2008).

In the study by Ledo et al. (2019), showed that buriti oil was able to reduce the iron ion
and, consequently, inhibit oxidative degradation. Nonato et al. (2020) demonstrated that the oil
from the pulp of the M. flexuosa fruit has the capacity to chelate iron ions.

On day 0 of the control treatment (Table 2), cooking loss was greater than for the other
treatments (p<0.05), which may mean less juiciness of the meat, unlike on other days, when the
values did not have had changes. These results can be explained by the hydrophobicity formed
in the films by the presence of oil and is probably due to the slight improvement in the water
retention capacity and the characteristics of the water barrier after the migration of this oil to
the hamburger (OFFER, 1991; SILVA et al., 2016; DEHGHANI et al., 2018).
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Table 2 - Instrumental pH, WHC, WL and Iron Content parameters of hamburger samples

wrapped in alginate-based active films incorporated with OB performed at different storage

times (4 °C)
Parameter Treatment
Control
pH 0% BO
0.5% BO
Control
WHC
0% BO
(%)
0.5% BO
Control
WL
0% BO
(%)
0.5% BO
Control
Iron content
0% BO
(Ha/g)
0.5% BO

0
5.68 + 0.39°A
5.78 + 0.02°A
5.80 + 0.04%A
27.43 + 0.85%
22.11 +3.97%
28.18 + 4.09%
21.60 + 3.64%
12.28 +0.78%
12.62 + 4.65%
15.29 + 1.78%
14.67 + 1.05%
16.11 + 2.05%

Values described as mean + standard deviation (n = 3)

Storage Time (days)

3
6.11 +0.10*A
6.03 + 0.04°A
6.07 £ 0.08°A
21.14 + 2.84%4
19.44 + 2,094
23.28 + 3.48%
15.94 + 2.38%
17.06 + 3.85%
18.85 + 1.74%
14.27 £ 0.72%4
15.75 + 0.99%
14.37 + 1.59%

6
6.19 + 0.04%A
6.13 + 0.09%A
5.97 + 0.08%A
21.44 + 3.12%
19.15 + 2.26°A
20.93 £ 2.31%
19.70 + 1.99°A
14.77 + 0.55A
20.33 £ 3.31%
18.29 + 2.76°A
15.09 + 1.38%
18.67 + 3.96%"

9

5.20 +0.11°A
5.24 + 0.05A
5.12 + 0.04°A
16.05 + 0.66°A
22.34 + 3.86%
20.93 £ 3.79%
23.73 + 3.36%
18.18 + 2.19°A
16.32 + 2.63%
17.31 £ 1.54%4
14.01 + 2.24%A
14.71 + 2.62%A

Different lowercase letters in the lines differ significantly (p>0.05) between the samples within each time proposed

alone by the Tukey test

Different uppercase letters in the columns differ significantly (p>0.05) between each sample according to the

nine storage times by Tukey's test

WHC - Water retention capacity; WL- Weight loss by cooking; BO - buriti oil

3.3.2 Color

For brightness (Table 3), there was a decrease in values over the days of storage of the

hamburgers and a significant increase on day 9 for values similar to the initial ones (p<0.05).

However, the control treatment had the highest values and on day 9 it exceeded the value of

day 0 (p<0.05). The value of L* informs the degree of luminosity or brightness of a color
(WYSZECKI et al., 2000) and can express values from 0 (black) to 100 (white). This coordinate

is related to the total pigment content of a food product. Higher pigment content implies greater

light absorption and, consequently, less reflectance or transmittance, making the product darker

or opaquer. This makes L* useful to differentiate between red meat and light meat (XING et

al., 2007).
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For the red color (a*), it was also possible to observe, in table 3, a change in values similar
to luminosity over the days, with an abrupt decrease that can be attributed to the yellow present
in buriti oil after migration to the burger and from lipid oxidation or or equipment calibration
error, but the numbers on day 9 remained below the initial values (p<0.05). According to
Beriain et al. (2009), myoglobin is responsible for the red color of meat that leads to consumer
choice for the product and the decrease in these values demonstrates the oxidation of this
protein, which then produces metmyoglobin by microorganisms, which leads to a brownish
color of the meat and then disapproval from the consumer (FAUSTMAN et al., 2010;
KAEWPRACHU et al., 2017).

In the yellow color index (b*) shown in table 3, the change in values is similar to the red
color (p<0.05). This color comes from the presence of lipids in the meat, from metmyoglobin
and probably from the migration of buriti oil, which has a yellow coloration (KAEWPRACHU
et al.,, 2017; FAUSTMAN et al., 2010). The decrease in these numbers is related to the
oxidation of lipids (JOHNS et al., 1989).

According to data from Komiyama, et al. (2009), this change in color parameters that
suffer a slight decrease in values and then a significant increase is what occurs in beef over a

long period of storage.

Table 3 - Color and opacity parameters of hamburger samples wrapped in alginate-based active
films incorporated into the BO performed at different storage times (4 °C)

Storage time (days)

Coloring
— Treatment 0 3 6 9

Control 4547 +2.37°A  1725+0.81% 2074+ 1.76°A  50.42 + 0.67%A

L* 0% BO 44.06+1.05*A 1282+ 1.16°®  16.14+3.22°®  46.10+2.26%®
0.5% BO 4440 +0.78% 1460+ 1.07°®  1553+0.95°®  44.84 +3.08%

Control 16.73+0.31%*  0.36+0.003**  0.35+0.004**  9.83+1.16"8

a* 0% BO 16.91+0.89**  0.38+0.01°  0.37 £0.004*  12.68 + 1.94°A
0.5 % BO 16.61+1.45%  0.37+0.01  0.37£0.006°*  11.40+2.67°A

Control 6.43+0.928  0.32+0.003%* 0.33+0.003*  6.57 +1.38"

b* 0% BO 7.27+0.60%*  0.32+0.003°*  0.32+0.004"A 526 +0.76
0.5% BO 7.88+1.13*"  0.32+0.005"  0.33+£0.002°A  7.99+1.38%"

Values described as mean * standard deviation (n = 3); BO - buriti oil
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Different lowercase letters in the lines differ significantly (p<0.05) between the samples within each time proposed
alone by the Tukey test
Different uppercase letters in the columns differ significantly (p<0.05) between each sample according to the nine

storage times by Tukey's test

3.3.3 Texture evaluation

According to the data analyzed, there was no significant difference in the parameters of
elasticity, chewing and cohesiveness (p>0.05) (Table 4). Hardness, however, showed an
increase on day 9 of storage in the hamburgers wrapped in the films, unlike the control
treatment, where lower values were observed, showing greater activity of proteolytic enzymes
present in the meat (MANCINI et al., 2015). Meat texture is one of the important criteria in
consumer preference for product choice. Hardness being the best indicator of meat quality and
freshness among all meat texture parameters that depend on many intrinsic biological
parameters, such as connecting collagen and fat content and muscle fiber density.
(KOOHMARAIE; GEESINK, 2006; VAN WEZEMAEL et al., 2014). The greater texture of
the hamburger during storage wrapped in active alginate films may be due to the delay in the
degradation and breakdown of myofibrillar protein and collagen by reducing the activity of
endogenous enzymes (such as collagenases, cathepsins and calpains) and microorganisms
present in the hamburger, result of the reduction and maintenance of pH (MANCINI et al.,
2015).

Table 4 - Texture parameters in hamburger samples wrapped in sodium alginate and BO film

on different days of storage (4 °C)

Storage time (days)

Parameter Treatment 0 3 6 9

Control 1769.3+361.3%*  1614.9+436.5°® 1516.2+261.8%8  2049.6 + 347.2%8
Hardness N 0% BO 1944.2 +288.6°  2356.8+507.5°A  2239.4 +650.1°"  2742.1 + 416.8%A
0.5% BO 1960.4 + 269.6°"  2367.3+701.9°A  2436.6 +562.1°*  3084.6 + 410.4%A

Control 0.81+0.11%A 0.84 + 0.09% 0.87 +£0.13% 0.91 + 0.05%

Elasticity N/mm 0% BO 0.84 + 0.05% 0.89 +0.09*A 0.92 +0.13%A 0.88 + 0.07%A

0.5 % BO 0.92 +0.26*A 0.91 +0.06*A 0.87 +0.06°A 0.85 +0.07%A
Control 654.7 + 144.43A 586.8 + 215.4%A  588.0 £ 2155  1992.5 + 3205.6°
Chewability N 0% BO 769.0 + 87.7°A 1142.3 +589.3%" 11953+ 711.4%"  1089.0 + 295.3*A
0.5 % BO 793.5 + 323.4%A 994.4 +360.3*A  994.4+360.3*"  1355.6 + 456.4%
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Control 0.47 + 0.04%4 0.42 + 0.09%A 0.47 +0.113 0.47 +0.113
Cohesiveness 0% BO 0.43 +0.07%A 0.52 + 0.19%A 0.48 +0.17% 0.48 +0.17%4
0.5 % BO 0.47 +0.10*A 0.47 £0.12%A 0.35 +0.07%A 0.35 + 0.07%A

Values described as mean * standard deviation (n = 3)

Different lowercase letters in the lines differ significantly (p<0.05) between the samples within each time proposed
alone by the Tukey test

Different uppercase letters in the columns differ significantly (p<0.05) between each sample according to the nine
storage times by Tukey's test

N/mm = Newton force measurement unit (N) per millimeter; BO - buriti oil

3.3.4 Microbiological analysis

The results of bacterial growth with the classification of mesophiles and psychrophiles
can be seen in Figures 7 and 8. It is possible to notice a delay (p<0.05) in the bacterial growth
of mesophiles in hamburgers coated with a 0.5% alginate film on day 9 of storage compared to
control treatment. Over the days of storage, growth was close between treatments, with 0.5% B
above the control on day 6, which may be due to a delay in the antimicrobial action of buriti
oil. Silva et al. (2016) used chitosan films with buriti oil on discs with concentrations similar
to those in this study to assess the antimicrobial efficiency, however, it was not possible to

verify an additional antimicrobial barrier to the film related to the presence of buriti oil.

Figure 9 - Growth of mesophiles in colony forming units (CFU) of hamburger samples
wrapped with sodium alginate-based active film incorporated with buriti oil (BO) at different

storage periods (4 °C)
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Different lowercase letters in the columns differ significantly (p<0.05) between samples
within each treatment alone by Tukey's test. Different uppercase letters in the columns differ
significantly (p<0.05) between each treatment according to each storage time separately by

Tukey's test

Psychrophiles showed a similar growth between treatments up to day 3 (Figure 7), but
with a difference from the coated hamburgers to the control. On day 6, however, there was a
marked increase in the control treatment compared to the film treatments, demonstrating a
microbial barrier in the films. However, day 9 of storage showed a bacterial count close to the
three treatments, but lower in the sample packed with 0.5% film, which can be explained by the
slow antimicrobial action of the oil. The control showed a count below contamination on the
last day of analysis in relation to the sample with 0% film, where some type of cross
contamination may have occurred at the time of analysis. These results show the antimicrobial
activity of the compounds present in buriti oil (DORMAN; DEANS, 2000; NAZIF, 2002).

Figure 10 - Growth of psychrophiles in colony forming units (CFU) in hamburger samples wrapped
with sodium alginate active film incorporated into buriti oil (BO) at different storage periods (4 °C)



60

|Control
0% OB
i | 0.5% OB
8 | aA A aA aA
] bA aA bA aA |
=)
2 pA
£6| 1 cA bA
=3 T
o
O
<
24
2
Q.
o
N nc
gZ
wn
o
0
0 9

Storage time

Image source: Personal archive
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Bacteria have systems of resistance to compounds that involve biochemical and genetic
mechanisms, such as the inactivation of the antimicrobial agent by chemical changes, target
modification, changes in the efflux pump and external permeability of the membrane, as well
as enzymatic inhibition of the antibacterial target (GUIMARAES et al., 2010) which may have
occurred with buriti oil in this work, for a lower antimicrobial activity. Castro et al. (2020)
found an increase in the antimicrobial capacity of buriti oil when it was submitted to
encapsulation, which may be a viable alternative to increase a future study using this oil. These
mesophilic and psychrophilic microorganisms are important in the study of hamburger
conservation, because by counting them in the product, it is possible to assess their shelf life
(BRASIL, 2001; BRASIL, 2019).

In the literature it is possible to find fatty acid activity against Candida albicans strains,

such as oleic acid, and it occurs through the disorganization of the cytoplasm and by the rupture
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or disintegration of its plasma membranes, these fatty acids can be found in buriti oil, being
also a possible origin of the antimicrobial activity observed in this work (PINTO et al., 2017).

4 CONCLUSIONS

The development of sodium alginate films incorporated with buriti oil for hamburger
preservation proved to be a promising product for the food industry.

The characterization of the sodium alginate films produced in different concentrations of
buriti oil showed that the concentration of 0.5% oil was the most suitable for the evaluation of
shelf life in hamburgers.

This study proved that the addition of buriti oil to the sodium alginate film preserved the
chemical, color, texture and microbiological quality of the hamburger. In this way, increasing
shelf life, replacing conventional packaging, as in addition to the active characteristics in the
film, they are produced with biodegradable materials, and are therefore of sustainable
development.
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