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APRESENTAÇÃO

O e-book Avanços e Desafios da Nutrição no Brasil 4, traz um olhar multidisciplinar 
e integrado da nutrição com a Ciência e Tecnologia de Alimentos. A presente obra é 
composta de 66 artigos científicos que abordam assuntos de extrema importância 
relacionados à nutrição e a tecnologia de alimentos. O leitor irá encontrar assuntos 
que abordam temas como as boas práticas de manipulação e condições higiênico-
sanitária e qualidade de alimentos; avaliações físico-químicas e sensoriais de 
alimentos; rotulagem de alimentos, determinação e caracterização de compostos 
bioativos; atividade antioxidante, antimicrobiana e antifúngica; desenvolvimento de 
novos produtos alimentícios; insetos comestíveis; corantes naturais; tratamento de 
resíduos, entre outros. 

O e-book também apresenta artigos que abrangem análises de documentos 
como patentes, avaliação e orientação de boas práticas de manipulação de alimentos, 
hábitos de consumo de frutos, consumo de alimentos do tipo lanches rápidos, programa 
de aquisição de alimentos e programa de capacitação em boas práticas no âmbito 
escolar. 

Levando-se em consideração a importância de discutir a nutrição aliada à 
Ciência e Tecnologia de Alimentos, os artigos deste e-book, visam promover reflexões 
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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RESUMO: A segurança dos alimentos é a 
principal prioridade nas indústrias de alimentos. 
Recentemente, o interesse em antimicrobianos 
naturais para a sua aplicação em gêneros 

alimentícios aumentou. As embalagens 
antimicrobiano ativos interagem com os 
alimentos embalados para reduzir, retardar ou até 
mesmo inibir o crescimento de microorganismos 
deteriorantes e patogênicos. Esta revisão 
discute, com base em estudos recentes, 
procedimentos de extração e mecanismos de 
ação de compostos antimicrobianos naturais 
aplicados em sistemas de embalagem, além 
de abordar desenvolvimentos recentes. 
O procedimento de extração e a maneira 
de aplicação na embalagem influenciam 
diretamente na ação antimicrobiana. A extração 
direta baseada em água é uma maneira menos 
prejudicial para a extração de antimicrobianos 
em material vegetal. Tendências futuras também 
são discutidas, bem como os compostos 
antimicrobianos incorporados em sachês, 
absorventes e filmes, incluindo nanomateriais 
e microencapsulação que proporcionam melhor 
interação entre compostos antimicrobianos e 
produtos alimentícios. A embalagem ativa é 
um campo promissor, dado seus benefícios à 
preservação e qualidade dos alimentos. Em 
resumo, a interação entre embalagem, meio 
ambiente e alimentos é o principal desafio para 
a indústria de alimentos.
PALAVRAS-CHAVE: Antimicrobiano, 
embalagem ativa, segurança dos alimentos, 
preservação 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 recent developments. 
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.

1 |  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 (GÓMEZ-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. 

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-VELÁZQUEZ, 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). 

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 
(FERNÁNDEZ 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, Gouvêa 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). 

Starch is 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.

5 |  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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