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Active packaging improves a packaging system'’s effectiveness by actively integrating additional components into
the packaging material or the headspace around the packaging. Consumer demand and awareness have grown
enough to replace chemical agents with natural active agents. Essential oils (EOs) are extensively distributed
throughout nature but at low levels and sometimes with poor recovery yields, which poses an issue with their

application in food.

nanocarriers essential oll active packaging

| 1. Introduction

Food packaging is known as a passive barrier that protects food from environmental factors like oxygen, water
vapor, microbiological and chemical contaminants, pressure, ultraviolet light, and heat II. Food packaging has the
main function of prolonging the shelf life of food. Food packaging also ensures that foods are transported and
stored safely [, The primary goal of food packaging is to keep food in the most cost-effective way possible while
also meeting industrial and consumer demands, ensuring food safety, and minimizing environmental impact [l The
several primary functions of food packaging include preventing contamination or leaking, providing critical
information about the food product contained within, such as nutritional value and cooking instructions, making
purchasing a food product more convenient for consumers, and providing containment for ease of transportation
and handling 2.

Innovative packaging such as active packaging, intelligent packaging, and smart packaging has grown in popularity
and is frequently used in conjunction with packaging systems for foods, beverages, and pharmaceuticals . The
term “active packaging” refers to the incorporation of certain additives into packaging systems to preserve or
expand product quality and shelf life 2. Active packaging helps to reduce foodborne illness outbreaks and food
recalls Bl Intelligent packaging can be described as packaging that carries out intelligent functions such as
monitoring the condition of packaged food, detecting changes in the state of the food and its surroundings (e.g.,
temperature and pH), and tracing, recording, and communicating these conditions &, Smart packaging is a
packaging system that combines the functionality of intelligent and active packaging. It monitors the changes in the
condition of the food product (intelligent packaging) and its environment, as well as acting on these changes (active
packaging) 2.

Essential oils (EOs) have been recognized for their various biological activities for centuries. In ancient times, EOs

were widely used in the preservation of foods, and possess some therapeutic properties, such as anti-septic
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properties for use on wounds and analgesic effects useful for numbing purposes such as clove oil. Currently,
researchers still follow such practices in the domestic and industrial spheres, but they have been implemented in
nature for far longer. Anti-parasitic activity has been observed against Flagellate protozoa when analysed with EOs
[l To better understand the EOs’ potential for antimicrobial activity, they must be analysed individually, as their
composition varies depending on many factors, meaning that the application potential for EOs is very extensive

and can be a targeted area of research 2!,

EOs are popularly known for their natural antioxidant properties that are increasing consumer demand due to the
perception of their ‘safer’ natural origin. Antioxidants are of interest in both the food and pharmaceutical industries
for their ability to neutralise free radicals and prevent oxidation which causes damage, producing negative effects.
In foods, antioxidants are of use in preventing lipid peroxidation, which produces an off flavour and odour that
negatively impacts the nutritional value and quality of the food, mainly in products with fats or oils. Within the body,
antioxidants bind with free radicals and reactive oxygen and nitrogen species, which aid in the prevention of

multiple diseases proven to be indirectly caused by free radicals, such as heart disease €.

There are many issues and challenges with existing packaging, such as the use of plastic and environmental
factors. Problems such as its non-biodegradable nature, recycling issues, and leaching of harmful chemicals into
food lead to problems for the environment and human health . Plastic, paper, glass, and metal are by far the most
commonly used materials in existing food packaging. A broad range of plastics are used in food packaging (&,
Plasticizers, monomers, and oligomers found in packaging materials may be transferred to foods during the
manufacturing process [l The transfer of chemical compounds between food and packaging is referred to as
“migration”. The process of migration may cause changes in the quality and safety of the food product, as well as

sensory changes due to the transfer of undesirable components from the packaging material to the food product (&,

| 2. Active Packaging

Active packaging is an emerging concept that has sparked a lot of interest and concern over the past decade or
two. According to Yucel, (2016) active packaging can be described as a sophisticated packaging system with
enhanced protection properties, such as both antioxidant and antimicrobial effects, with an improved capability
greater than that obtained through conventional packaging methods . The main aim of active packaging is to
enhance the performance of a packaging system by purposely introducing subsidiary constituents in either the
packaging material or the headspace surrounding the packaging 19. This innovative system helps to ensure food
quality and safety while also extending the shelf life of products 1. It has the ability to replace the addition of
active substances to foods, limit particle migration from packing materials to food, as well as eliminate industrial
processes that can lead to the presence of pathogenic microbes in the product . Active packaging includes
ethylene absorbers, carbon dioxide emitters, antioxidant packaging, antimicrobial packaging, moisture absorbers,

and O, absorbers 11,

Active packaging can be created by implementing antimicrobial agents into the packaging composition . The use

of antimicrobial agents in packaging can create an environment within the food packaging that can delay or prevent
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the growth of microorganisms on the food product. This, in turn, increases the shelf life and safety of the food
product 22, Figure 1 concisely highlights the typical active agents used commercially in food packaging that are
characterized as antimicrobial agents, antioxidant agents, oxygen scavengers, ethylene scavengers, and carbon
dioxide emitters, and examples of each are given (3|, In more recent years, attention has turned to a more ‘natural’
approach to active packaging, as opposed to the current practice of using active packaging materials that may
contain modified gases, dyes, and inorganic compounds. EOs, organic acids, enzymes, biopolymers, antimicrobial
peptides, and organic acids are all antimicrobial agents 121141 Antioxidant packaging prevents unsuitable oxidation
and aerobic microorganism growth. This type of packaging reduces the metabolism of the food product 1. O,
absorbers lower the oxygen concentration to less than 0.01 percent, reducing O, diffusion in food packaging 12!,
O, absorbers are made up of chemical substances, including iron, ascorbic acid, or enzymes, that can react with
oxygen and absorb up to 2000 cc of O, from 10,000 ccs of air L8, Ethylene is a growth hormone that fruits and

vegetables produce during storage. Ethylene increases food respiration, lowering the shelf life of food products.
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Figure 1. Active agents used in food packaging (Adopted from Vilela et al. [1—3]).

Using moisture absorbers is an effective way to control excess moisture development inside food packaging. The
moisture absorber controls the water activity of the food product to inhibit the growth of microorganisms. Moisture
absorbers are commonly used in the form of sachets, films, trays, and pads to keep excess fluid from food
products 7.

Chemo-active and bioactive packaging are two main types of active packaging . In chemo packaging, chemicals

are used as an active agent in the packaging; chemo packaging methods affect the chemical composition of the
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food item as well as the gaseous atmosphere within the packaging &l. O, in food packaging promotes the growth of
bacteria, causing the food product to produce undesirable sensory characteristics. Different oxygen-reactive
materials such as titanium, iron, and zinc can be used as oxygen scavengers in active packaging 2&. The use of
some synthetic antioxidants in chemo-active packaging may have some drawbacks. For example, butylated
hydroxy anisole, a synthetic antioxidant that protects against lipid oxidation and is used in chemical active
packaging, may have a negative impact on an individual’'s endocrine system 12129 Bjoactive packaging involves
antimicrobial compounds engaging with biological molecules like bacteria, and can influence biological processes,
which in turn hinders the growth of several microorganisms B2l The addition of antimicrobial compounds (such
as EOs) into packaging films is an example of bioactive packaging 22. Azadbakht et al. (2018), investigated the
antimicrobial activity of packaged sliced sausages by integrating Eucalyptus globulus EO in chitosan. The results

revealed that increasing the concentration of EO (Eucalyptus globulus) can enhance the log reduction value 22!,

Active packaging is an innovative method that prolongs the shelf life of food; however, it has many advantages and
disadvantages compared with chemical active packaging. For example, chemical active packaging may have

negative health effects as well as render packaging unrecyclable, resulting in significant waste [,

| 3. Essential Oils as an Active Agent

EOs are derived from aromatic plants and are classified as volatile liquids, commonly obtained through different
processes such as solvent extraction, hydro-distillation, steam distillation, and hydro-diffusion 2425 An EO is
defined as a ‘product obtained from a natural raw material of plant origin, by steam distillation, by mechanical
processes from the epicarp of citrus fruits, or by dry distillation, after separation of the aqueous phase, if any, by
physical processes’, according to the International Organization for Standardization (ISO) Bl. EOs vary greatly,
partly due to genetic causes, as well as climate, rainfall, or geographic origin 24, EOs consist of mainly lipophilic
and highly volatile secondary plant metabolites, primarily monoterpenes and sesquiterpenes; however, other
compounds like allyl and isoallyl phenols, along with alkaloids and coumarins, are also common. EOs include
lavender (Lavandula angustifolia), peppermint (Mentha piperita), tea tree (Melaleuca alternifolia), clove (Syzygium
aromaticum), sage (Salvia officinalis), cinnamon (Cinnamomum zeylanicum), eucalyptus (Eucalyptus globulus),

lemongrass (Cymbopogon citratus), and origanum vulgar 28],

The composition of EOs varies from plant to plant and depends on the type of plant it is derived from, the
environment in which it grows, and the part of the plant required to obtain the EO (stem/bud/leaf), etc. For this
reason, EOs contain many properties of interest to consumers, producers, and medical practitioners with the
potential to perform anticancer, anti-inflammatory, antimicrobial, antidepressant, antianxiety, antidiabetic, and many
other beneficial biological functions 24. Because of their hydrophobic nature and lower density than water, they are
lipophilic, soluble in organic solvents, and insoluble in water (28 The process of hydro-distillation involves
submerging plant materials in a water-filled vessel and boiling the mixture. The main advantage of hydro-distillation
is the extraction of hydrophobic plants with a high boiling point, and the technique enables the extraction of plant

material at temperatures below 100 °C B,
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Steam distillation is the most common method for the commercial production of EOs 22, In this process, the plant
substance is heated with the use of steam. The steam can only pass through the plant while the boiling water does
not mix with the plant substance. The heat supplied by the steam releases the EOs . Hydro-diffusion extraction
involves reducing the steam temperature to under 100 °C. The vacuum is provided by the top of the generator,
which is kept at a low temperature. In this process, the dried plant materials and the steam are supplied in a
container Bl. The solvent extraction method involves solvents such as hexane being mixed with the plant material
and slightly heated and filtrated, the solvent eventually evaporating. To dissolve the EO, the final mixture is mixed

with alcohol, and finally, at a low temperature, the distillation process occurs 3,

EO’s primary function is antimicrobial and antioxidant activity L. According to recent studies, EOs are natural
preservatives and are recognized as fresh and safe chemical additives. Research findings have shown that high

intakes of EOs can reduce the risk of various cancers as well as cardiovascular disease 28],

EOs are natural substances that have been shown to be effective in replacing synthetic food additives. They can
be incorporated into food packaging by slowly releasing their compounds into the food product. Many essential oils
derived from plants, such as basil (Ocimum basilicum L.), chamomile flowers (Matricaria chamomilla L.), and
rosemary (Rosmarinus officinalis L.), have been used in food packaging. These essential oils used in food
packaging are classified as GRAS Y. Fernandez-Pan et al. investigated the effectiveness of oregano and garlic
EOs in immediate contact with chicken breast, and incorporated them into a protein matrix. After 13 days of
storage, it was discovered that EOs controlled microbial action when applied directly to the chicken’s surface B11,
However, there was less adhesion of the antimicrobials on the chicken surface when compared to their use within a
structural matrix. This meant that antimicrobials were distributed uniformly and remained at ineffective doses
throughout the storage time B[22l Cruz et al. studied the bioactive compounds in Piper divaricatum EO, and the
molecular interactions established with a biofilm. The gelatin matrix included small amounts of the main EO
components. The polypeptide chain that makes up the biofilm was subject to non-covalent interactions by these
substances. The biofilm’s structural, mechanical, and antioxidant characteristics changed as a result of oil
impregnation. Additionally, EO changed the biofilm's physical characteristics, reducing its traction resistance and
boosting its ability to extend [33. Researchers have also represented the chemical interactions of the hydrophobic

nature, as can be seen in Figure 2.
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Figure 2. View of the EO-impregnated biofilm in greater detail, showing the side chains of the amino acids that
interact with the EO molecules (colour purple). Sticks are used to symbolize the side chains of amino acids, while
the wire is used to represent EO compounds. Hydrogen bonds are represented by the green lines. Atoms are
represented by colour; for example, oxygen is red, and nitrogen is blue (Adopted from Cruz et al. @]).
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