Vanessa Bordin Viera
Natiéli Piovesan
~ (Organizadoras)

Avancos
e Desafios
da Nutricdo 4

Atena

Editora
Ano 2019



Vanessa Bordin Viera
Natiéli Piovesan
(Organizadoras)

Atena Editora
2019



2019 by Atena Editora
Copyright © Atena Editora
Copyright do Texto © 2019 Os Autores
Copyright da Edicao © 2019 Atena Editora
Editora Executiva: Prof® Dr® Antonella Carvalho de Oliveira
Diagramacao: Natalia Sandrini
Edicao de Arte: Lorena Prestes
Revisao: Os Autores

O conteudo dos artigos e seus dados em sua forma, correcao e confiabilidade sao de
responsabilidade exclusiva dos autores. Permitido o download da obra e o compartilhamento
desde que sejam atribuidos créditos aos autores, mas sem a possibilidade de altera-la de
nenhuma forma ou utiliza-la para fins comerciais.

Conselho Editorial

Ciéncias Humanas e Sociais Aplicadas

Prof. Dr. Alvaro Augusto de Borba Barreto - Universidade Federal de Pelotas

Prof. Dr. Antonio Carlos Frasson - Universidade Tecnolédgica Federal do Parana

Prof. Dr. Antonio Isidro-Filho - Universidade de Brasilia

Prof. Dr. Constantino Ribeiro de Oliveira Junior — Universidade Estadual de Ponta Grossa
Prof® Dr? Cristina Gaio - Universidade de Lisboa

Prof. Dr. Deyvison de Lima Oliveira - Universidade Federal de Rondénia

Prof. Dr. Gilmei Fleck - Universidade Estadual do Oeste do Parana

Prof? Dr? Ivone Goulart Lopes - Istituto Internazionele delle Figlie de Maria Ausiliatrice
Prof? Dr? Juliane Sant’Ana Bento - Universidade Federal do Rio Grande do Sul

Prof. Dr. Julio Candido de Meirelles Junior - Universidade Federal Fluminense

Prof? Dr? Lina Maria Goncalves - Universidade Federal do Tocantins

Prof® Dr® Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof? Dr? Paola Andressa Scortegagna - Universidade Estadual de Ponta Grossa

Prof. Dr. Urandi Joao Rodrigues Junior - Universidade Federal do Oeste do Para

Prof? Dr? Vanessa Bordin Viera - Universidade Federal de Campina Grande

Prof. Dr. Willian Douglas Guilherme - Universidade Federal do Tocantins

Ciéncias Agrarias e Multidisciplinar

Prof. Dr. Alan Mario Zuffo - Universidade Federal de Mato Grosso do Sul

Prof. Dr. Alexandre Igor Azevedo Pereira - Instituto Federal Goiano

Prof? Dr® Daiane Garabeli Trojan - Universidade Norte do Parana

Prof. Dr. Darllan Collins da Cunha e Silva - Universidade Estadual Paulista

Prof. Dr. Fabio Steiner - Universidade Estadual de Mato Grosso do Sul

Prof? Dr? Girlene Santos de Souza - Universidade Federal do Reconcavo da Bahia
Prof. Dr. Jorge Gonzalez Aguilera - Universidade Federal de Mato Grosso do Sul
Prof. Dr. Ronilson Freitas de Souza - Universidade do Estado do Para

Prof. Dr. Valdemar Antonio Paffaro Junior — Universidade Federal de Alfenas

| Atena

Editora
Ano 2019




Ciéncias Biologicas e da Salde

Prof. Dr. Gianfabio Pimentel Franco - Universidade Federal de Santa Maria

Prof. Dr. Benedito Rodrigues da Silva Neto - Universidade Federal de Goias

Prof.? Dr.? Elane Schwinden Prudéncio - Universidade Federal de Santa Catarina

Prof. Dr. José Max Barbosa de Oliveira Junior - Universidade Federal do Oeste do Para
Prof® Dr? Natiéli Piovesan - Instituto Federal do Rio Grande do Norte

Prof? Dr? Raissa Rachel Salustriano da Silva Matos - Universidade Federal do Maranhao
Prof? Dr® Vanessa Lima Goncgalves - Universidade Estadual de Ponta Grossa

Prof? Dr? Vanessa Bordin Viera - Universidade Federal de Campina Grande

Ciéncias Exatas e da Terra e Engenharias

Prof. Dr. Adélio Alcino Sampaio Castro Machado - Universidade do Porto
Prof. Dr. Eloi Rufato Junior - Universidade Tecnoldgica Federal do Parana
Prof. Dr. Fabricio Menezes Ramos - Instituto Federal do Para

Prof? Dr® Natiéli Piovesan - Instituto Federal do Rio Grande do Norte
Prof. Dr. Takeshy Tachizawa - Faculdade de Campo Limpo Paulista

Conselho Técnico Cientifico

Prof. Msc. Abraao Carvalho Nogueira - Universidade Federal do Espirito Santo

Prof.2 Dr® Andreza Lopes - Instituto de Pesquisa e Desenvolvimento Académico

Prof. Msc. Carlos Anténio dos Santos - Universidade Federal Rural do Rio de Janeiro
Prof.2 Msc. Jaqueline Oliveira Rezende - Universidade Federal de Uberlandia

Prof. Msc. Leonardo Tullio - Universidade Estadual de Ponta Grossa

Prof. Dr. Welleson Feitosa Gazel - Universidade Paulista

Prof. Msc. André Flavio Gongalves Silva - Universidade Federal do Maranhao

Prof.? Msc. Renata Luciane Polsaque Young Blood - UniSecal

Prof. Msc. Daniel da Silva Miranda - Universidade Federal do Para

Dados Internacionais de Catalogag¢ao na Publicagao (CIP)
(eDOC BRASIL, Belo Horizonte/MG)

A946  Avancgos e desafios de nutricdo 4 [recurso eletrénico] /
Organizadoras Vanessa Bordin Viera, Natiéli Piovesan. — Ponta
Grossa, PR: Atena Editora, 2019. — (Avancos e Desafios da
Nutricdo no Brasil; v. 4)

Formato: PDF

Requisitos de sistema: Adobe Acrobat Reader
Modo de acesso: World Wide Web

Inclui bibliografia

ISBN 978-85-7247-343-9

DOI 10.22533/at.ed.439192405

1. Nutricdo — Pesquisa — Brasil. I. Viera, Vanessa Bordin.
ll.Piovesan, Natiéli. Ill. Série.
CDD 613.2
Elaborado por Mauricio Amormino Junior — CRB6/2422
Atena Editora
Ponta Grossa - Parana - Brasil
www.atenaeditora.com.br
contato@atenaeditora.com.br

Ate

a

Editora

Ano 2019




APRESENTACAO

O e-book Avancos e Desafios da Nutricdo no Brasil 4, traz um olhar multidisciplinar
e integrado da nutricdo com a Ciéncia e Tecnologia de Alimentos. A presente obra é
composta de 66 artigos cientificos que abordam assuntos de extrema importancia
relacionados a nutricdo e a tecnologia de alimentos. O leitor ird encontrar assuntos
que abordam temas como as boas praticas de manipulagcdo e condi¢cdes higiénico-
sanitaria e qualidade de alimentos; avaliagcbes fisico-quimicas e sensoriais de
alimentos; rotulagem de alimentos, determinacao e caracterizacdo de compostos
bioativos; atividade antioxidante, antimicrobiana e antifungica; desenvolvimento de
novos produtos alimenticios; insetos comestiveis; corantes naturais; tratamento de
residuos, entre outros.

O e-book também apresenta artigos que abrangem analises de documentos
como patentes, avaliagao e orientacéo de boas praticas de manipulagéo de alimentos,
habitos de consumo de frutos, consumo de alimentos do tipo lanches rapidos, programa
de aquisicao de alimentos e programa de capacitacdo em boas praticas no ambito
escolar.

Levando-se em consideracdao a importancia de discutir a nutricdo aliada a
Ciéncia e Tecnologia de Alimentos, os artigos deste e-book, visam promover reflexdes
e aprofundar conhecimentos acerca dos temas apresentados. Por fim, desejamos a
todos uma excelente leitura!

Natiéli Piovesan e Vanessa Bordin Viera
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PLANT-BASED ANTIMICROBIAL PACKAGING
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RESUMO: A seguranca dos alimentos € a
principal prioridade nas industrias de alimentos.
Recentemente, o interesse em antimicrobianos
naturais para a sua aplicacdo em géneros

Avancos e Desafios da Nutricdo 4

alimenticios aumentou. As embalagens
antimicrobiano ativos interagem com 0s
alimentosembaladosparareduzir,retardarouaté
mesmo inibir o crescimento de microorganismos
deteriorantes e patogénicos. Esta revisao
discute, com base em estudos recentes,
procedimentos de extracdo e mecanismos de
acao de compostos antimicrobianos naturais
aplicados em sistemas de embalagem, além
de abordar desenvolvimentos recentes.
O procedimento de extracdo e a maneira
de aplicaggo na embalagem influenciam
diretamente na ag&o antimicrobiana. A extracao
direta baseada em agua é uma maneira menos
prejudicial para a extracdo de antimicrobianos
em material vegetal. Tendéncias futuras também
sdo discutidas, bem como o0s compostos
antimicrobianos incorporados em sachés,
absorventes e filmes, incluindo nanomateriais
e microencapsulagao que proporcionam melhor
interacdo entre compostos antimicrobianos e
produtos alimenticios. A embalagem ativa é
um campo promissor, dado seus beneficios a
preservacao e qualidade dos alimentos. Em
resumo, a interacdo entre embalagem, meio
ambiente e alimentos é o principal desafio para
a industria de alimentos.

PALAVRAS-CHAVE: Antimicrobiano,
embalagem ativa, seguranca dos alimentos,
preservacao dos alimentos.
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ABSTRACT: Food safety is the major priority in food industry. Recently, the interest
in natural antimicrobials for its application in foodstuff has raised. Active antimicrobial
packaging interacts with packaged food to reduce, retard, or even inhibit the growth
of spoilage and pathogenic microorganisms. This review discusses, based on recent
studies, extraction procedures and mechanisms of action for natural antimicrobial
compounds applied in packaging system, furthermore approaches recentdevelopments.
The extraction procedure and application manner in packaging directly influence in
antimicrobial action. Direct extraction based with water is a less damaging way for
antimicrobials extraction in plant material. Future trends are also discussed, as well
as the antimicrobial compounds incorporated in emitting sachets, absorbent pads and
films, including nanomaterials and microencapsulation that provide best interaction
between antimicrobials compounds and food products. Active packaging is a promissory
field given its benefits to food preservation and quality. In brief, the interaction between
packaging, environment and food is the key challenge for the food industry.
KEYWORDS: Antimicrobial, active packaging, food safety, food preservation.

11 INTRODUCTION

Food contamination can occur during harvesting, food processing and even in
distribution (MALHOTRA et al., 2015). For this reason, new technologies have been
studied in order to provide safer food products. Food packaging function has changed
from passive protective systems to one that plays an active role in food to preserve the
quality and stability (AZEREDO et al., 2018).

Antimicrobial packaging system had shown to be a novel and efficient development
which adds antimicrobial agent into a polymer film to avoid the microorganisms activities
that contaminates foods (SUNG et al., 2013). In addition, sachets or pouches and pads
are being recently incorporated with antimicrobial substances and are considered to be
remarkable in food preservation (GOMEZ-ESTACA et al., 2014).

Active agents are released in food surfaces by antimicrobial packaging systems,
mainly used in the ones that are the most susceptible to microbial growth. Antimicrobial
agent can be incorporated either directly into food product or to the packaging material
where it is released over a period of time to induce extended shelf life (OTONI et al.,
2016).

Research that studies the introduction of antimicrobial substances in active
packaging had a huge increase over the last years. Several reports have been published
regarding antimicrobial substances acting in food preservation (SUNG et al., 2013;
MARCET et al., 2018; VIACAVA et al., 2018).

Therefore, this review aims to analyze recent developments in food packaging
systems with natural antimicrobial properties, their extraction procedures, mechanisms
of action and applications in sachets, pads and films. Furthermore, bring forward future
trends in antimicrobial use to prevent food contamination.
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2| EXTRACTION PROCEDURES

Extraction and purification of antimicrobials compounds intended for food
preservation are critical procedures. The usual techniques applied for extraction are
represented by steam distillation, hydrodistillation and vacuum distillation. Recently, the
efficient method of supercritical fluid extraction is been used because of its improved
solubility and mass transfer. Alternative methods are being as well studied, including
microwave assisted extraction and ultrasound extraction. Both presented methods have
less extraction time (PISOSCHI et al., 2018). However, usual techniques of extraction
that involve chemicals or thermal treatments can not only modify the active compounds
and their functionality, but also produce unsafe compounds (TAJKARIMI et al., 2010).

Plant materials contain various water-soluble antimicrobial active compounds
that can be removed by using water as a solvent or may be directly used as a pure
extract. Water extraction is one direct extraction used to extract mainly antimicrobial
compounds based on minimal processing method, such as juice or mechanical direct
extraction. This method avoids alterations of the structure from the required active
agents (PISOSCHI et al., 2018; BUBALO et al., 2018). Figure 1 shows a simplified
procedure of direct extraction method.

PLANT MATERIAL

IS THE MATETIAL DRIED?
]

g E ISITA JUICY PLANT?
1
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|
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I

(6]
O; BOIL
@)

4

v
COLLECT THE EXTRACTS
(CENTRIFUGE/FILTER)

'\
NEEDS CONCENTRATION?
[

o

ULTRAFILTRATION

v
APPLICATION IN FOOD

Figure 01: Schematic illustration of direct extraction method.

Some plants have higher water activity, called as juicy plants, and then do not
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need to add solvent (water). Others are commercially found in powder, where water
is required to extract the compounds. Also, when the final application needs the
antimicrobials compounds to be concentrated, an ultrafiltration process is suggested
(BUBALO et al., 2018).

Essential oils isolated from widely used spices and their plant sources have
antimicrobial compounds. Some oils that have shown greatest activity avoiding
microbial growth are cloves, cinnamon, oregano, and thyme, where their most important
antimicrobial components are eugenol, cinnamaldehyde, carvacrol, and thymol,
respectively (BARROS-VELAZQUEZ, 2016).

3| MECHANISMS OF ACTION FROM ANTIMICROBIAL COMPOUNDS

Contamination in food industry is still a serious issue. To help solving this problem,
novel antimicrobial agents are being applied in combination with active packaging
techniques (KHANEGHAH et al., 2018). Figure 2 shows antimicrobial systems and
their releasing conditions for foods. Food systems can be divided in 3 groups, the first
one acts as an active packaging nonmigratory, were food is protected without deliberate
migration. The second, presents active releasing packaging, from which antimicrobial
agents are released through volatile antimicrobial agents by evaporation (a, b and e)
or diffusion (c, d and f).

From the Froma From a
polymer coating coating
vs food vs food vs food
via via via direct
headspace headspace contact

From a pad From a @ Frl?m an

et ; ¥ sachet edible film

via direct ?DDD | vs food R vz food
Q:I'llact via | FOOD ] via diract

headspace L J contact

(d) (© ®

Figure 2: Different methods to release antimicrobial substances in active packaging

(Source: Khaneghah et al., 2018; with permission from Elsevier).

In (a) system, the volatile or nonvolatile antimicrobial is incorporated into the
structure of packaging material; in (b) system, there are two layers and the antimicrobial
agents are coated onto internal layer of packaging; in situation (c), the application of
a coating or adsorbing antimicrobial compound onto the surfaces of the polymers in
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contact with a foodstuff can be observed; in situation (d), is shown a pad antimicrobial
releaser that contains volatile antimicrobial substances, which is normally placed under
the food product; (e) represents a sachet that releases antimicrobial agents through
headspace by evaporation or diffusion and (f) is an edible film that covers all food
contact.

4| ANTIMICROBIAL SCOPE AND APPLICATIONS IN FOOD PACKAGING

4.1 Elaboration of antimicrobial sachets

The production of antimicrobial-releasing sachets has two approaches: sachets
that generate antimicrobial compounds in situ and release it; and sachets that carry
and release antimicrobials. Han et al. (2014) developed an antimicrobial sachet
containing microcellular foam starch (MFS) with embedded rosemary oil and thyme
oil to reduce bacterial growth in shredded mozzarella cheese. Otoni et al. (2014) used
allyl isothiocyanate (AITC), the major component of mustard essential oil to developing
sachets with antifungal effect of AITC against Aspergillus flavus, which in peanuts can
generate aflatoxin.

The sachet material choose is important, are required to be either porous or
semipermeable to active compounds. Continuous low-density polyethylene (LDPE)
sachets required micro perforations in order to release ethanol (HEMPEL et al., 2013).
Several other materials have been used to overwrap carriers for sachet production
purposes. Otoni et al. (2016) quotes that the release of a compound from a carrier is
affected by polymer type, number of layers in a laminated barrier, pore dimensions in a
perforated barrier, and thickness of the sachet material.

4.2 Elaboration of antimicrobial pads

The absorbent pad is usually found at the bottom of plastic trays. The main
function is to absorb liquids from food products during the storage time. With recently
advances, technology has allowed the development of new materials combined with
incorporation of antimicrobial compounds in absorbent pads (OTONI et al., 2016).
Some researches have been already done with antimicrobials application in pads
(FERNANDEZ et al., 2009; LLORET et al., 2012). Oral et al. (2009) worked on a pad
with three-layer absorbent, where oregano essential oil was used to prevent microbial
growth in chicken meat. In a similar way, Gouvéa et al. (2016) applied bacteriophages
to evaluate the efficiency of absorbent food pads in meat trays.

4.3 Elaboration of antimicrobial films

Biopolymer films are made from renewable resources and are usually obtained
from natural raw materials; chemical synthesis of bio-derived monomers; polymers
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naturally produced by microorganisms (WIHODO and MORARU, 2013). The most
used method in the elaboration of the films is denominated casting, where a filmogenic
solution is deposited under the mold, taken to the drying, where a similar material to the
plastic is obtained (PAGNO, 2016).

Starchis one of the biopolymers with the highest potential to produce biodegradable
materials, especially disposable food packaging, where the time of use is relatively short.
However, starch-based materials have demonstrated only limited commercial impact
due to weakening mechanical properties as moisture content increases. Therefore, it
is necessary to add elements that will compensate the mechanical problem (PAGNO,
2016).

Barros (2016) used papaya with nanoparticles of pectin to prepare a film that had
greater mechanical resistance, thus the over-ripe papaya pulp showed to be suitable
for edible biodegradable film processing and the addition of nanofillers and pectin is
necessary to improve the barrier and mechanical properties.

51 CONCLUSIONS AND TRENDS IN ANTIMICROBIAL PACKAGING

Antimicrobial packaging is an innovative food packaging concept that has
increased attention in research and food industry. Antimicrobial agents incorporated
into or coated onto packaging have shown the potential activity avoiding growth
microorganisms (MALHOTRA et al., 2015). As a result of the antimicrobial packaging
potential to provide quality and safety benefits in food applications, it is estimated that
packaging systems niche will develop significantly in the next decades (IRKIM and
ESMER, 2015).

A challenge to the use of antimicrobials compounds is food degradation during
storage, for this phenomenon reduces antimicrobial activity. In order to avoid this effect,
nanomaterials are being evaluated due to the higher surface area-to-volume ratio to
work as antimicrobial agents (AZEREDO et al., 2013; BARROS, 2016). As another
alternative to optimize antimicrobial effect, microencapsulation of natural antimicrobial
compounds is been evaluated, once this technique protects the encapsulated active
compounds (CASTRO-ROSAS et al., 2017). Studies report evidence of increased
antimicrobial stability and activity when the antimicrobials are microencapsulated
(NORI et al., 2011; SOLIMAN et al., 2013).

Natural antimicrobial packaging systems can cause ecofriendly and more
effective food preservation. At the same time that packaging systems are improved,
consumers preferences and cost effectiveness must be seen as priority.
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