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Abstract

Consumers demands for low-processed and healthier food products led to a search for alternatives to replace or reduce synthetic
food additives with natural ones. Aromatic plant derivatives which have GRAS status, have been examined for being natural
food preservatives and antioxidants to prolong the shelf-life of foods. They contribute to food safety, owing to their anti-quorum
sensing, and anti-biofilm properties. These potential food safety attributes and increasing demand for natural food additive
options have led to an interest in the use of them, especially in traditional meat, dairy, and bakery products, which would provide
them an added value, and increase the market competitiveness. Therefore, the overall perspective of the value-added effects of
using aromatic plants and their derivatives in food production and of their incorporated use into packaging materials for active
packaging are discussed in this review. In addition, it provides information on their antimicrobial and antioxidant actions. The
review also aims to give detailed information on benefits of vegetal bioactive compounds in health and disease by giving their
nutraceutical and health-promoting properties. The current knowledge on their application in the treatment of health disorders
is presented, their ability to prevent diseases is discussed, and the areas for future research are proposed.

Keywords: aromatic plants; essential oils (EOs); natural bioactive compounds (BACs); antioxidant and antimicrobial activity;
anti-biofilm; human therapy.

Practical Application: The value-added effects of aromatic plant derivatives permit us to understand their potential benefits to
health. For instance, due to their unique characteristics such as anti-inflammatory, antioxidant, antimicrobial, and antiseptic
properties, they should be of great importance in the food, pharmaceutical, and cosmetic industries. Yet, after classifying them
as Generally Recognized as Safe (GRAS) they could be used as food ingredients to improve food quality and develop novel

functional foods.

1 Introduction

Aromatic plants, also known as “herbs and spices”, have
been widely used for bactericidal, fungicidal, virucidal, anti-
parasitical, insecticidal, medicinal, cosmetic, agronomic, and
sanitary applications since ancient times (Jamshidi-Kia et al.,
2018; Tariq et al., 2019) and especially nowadays found more
and more widespread use in food production as alternatives
to potentially harmful synthetic food additives (Bakkali et al.,
2008; Christaki et al., 2012). Furthermore, foodborne diseases
are a growing public health problem worldwide, calling for more
effective but safe, natural, and eco-friendly food preservation
strategies (Hyldgaard et al., 2012). Besides, it is also observed
that other food preservation strategies i.e., low-temperature
preservation techniques like refrigeration, freezing, etc., and
thermal preservation techniques like pasteurization and
sterilization do not adequately control and solve the quality
problems of perishable foods since they sometimes alter their
status and cause adverse effects on their nutritional and sensory
properties (Ortega-Ramirez et al., 2014; Singh, 2018). These foods
require proper preservation to maintain their quality and safety.
Hence, new antimicrobial and antioxidant delivery systems for

foods and combination with other preservation technologies are
needed to ensure food safety and overall quality of food products
(Burt 2004; Filipcev, 2020; Mani-Lopez et al., 2018). As an
example, essential oils (EOs) of aromatic plants are applied as a
part of a hurdle technology in which several food preservation
factors are combined to provide microbial stability of the food
products (Calo etal., 2015). For this reason, extracts and EOs of
aromatic plants, with many originating from the Mediterranean
area, found a great place as new-generation natural compounds
in food production and human health with proven benefits
(Demir et al., 2009; Christaki et al., 2012). Additionally, they
have started to be used in animal nutrition as alternatives to
antibiotics, especially after the ban of antibiotic feed additives
within the European Union countries in 2006, to improve their
productivity and hence the properties of the resulting animal-
derived foods (Christaki et al., 2012; Giannenas et al., 2013;
Socaci et al.,, 2020). Besides, the use of antibiotics in animal
feeds for prophylactic measures has raised concerns about the
transmission and proliferation of multi-drug resistant bacteria
through the food chain and led to an antibiotic-resistant crisis
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during the last decades (Pérez-Rodriguez & Mercanoglu Taban,
2019). Although great efforts have been made to replace antibiotic
feed additives in animal nutrition with aromatic plants, their use
is still allowed with major restrictions in the USA (Gaucher et al.,
2015) and similarly in Asian and Latin American countries,
and Australia, but U.S. Food and Drug Administration (FDA)
published new guidelines that exert pressure for a ban in the
USA in near future (Bento et al., 2013; Giannenas et al., 2020).

According to the American Botanical Council (2019), the
word “herb” indicates any aromatic plant material from temperate
regions, used in minor quantities to flavor foods and beverages,
but has little or no known nutritional value, whereas the word
“spice” implies to aromatic plant material from tropical regions
used in minor quantities to flavor foods and beverages, but
has little or no known nutritional value, and the word “EOs”
indicates the volatile oils that can be extracted from plants by
distillation, solvents or expression.

The food industry has been undergoing innovative changes
and development over the years. As a result of the application
of new food processing techniques, new packaging methods,
and new food ingredients and materials, new food products
based on natural additives, previously considered as medicinal,
become available on the market nowadays. Moreover, the
food industry has noticed the benefits of using aromatic plant
derivatives not only as flavor enhancers but also as natural
preservatives which extends the shelf-life of their products
(Campos et al., 2016; Fernandes et al., 2016; Antolak & Kregiel,
2017). The improvement of nutraceutical properties of foods is
also an expected beneficial effect of the inclusion of aromatic
plant derivatives to foods and is closely associated with their
health-promoting properties (Filipcev, 2020).

On the other hand, biofilms, which protect the microorganisms
by allowing them to survive hostile environments and confer
resistance to antibiotics, represent more than 80% of the microbial
infections worldwide. Luckily, nature offers a wide range of
aromatic plants that are capable of inhibiting QS mechanisms
and biofilm formation (Olivero et al., 2011; Caceres et al., 2020).

The present study aims to give an overall perspective of the
value-added effects of using aromatic plants and their derivatives
in food production and of incorporated use of them into packaging
materials for active packaging. In addition, it provides information
on their modes of biological action. The review also discusses the
benefits of vegetal bioactive compounds in health and disease
by giving their nutraceutical and health-promoting properties.
The current knowledge on their application in the treatment of
health disorders is presented, their ability to prevent diseases
is discussed, and the areas for future research are proposed.

2 The use of aromatic plant derivatives in food
production

In recent years there is an emerging demand of consumers
for low-processed, safe, healthier, and with longer shelf-life food
products containing natural food additives with the virtue of
being generally recognized as safe (GRAS) (Smid & Gorris, 1999;
U.S. Food and Drug Administration, 2016; Laranjo et al., 2017),
due to a growing concern on the use of synthetic food additives

in food production (Kim et al., 2013; Alenisan et al., 2017;
Socaci et al., 2020). Furthermore, World Health Organization
(WHO) called for a worldwide reduction in the consumption
of salt to reduce the incidence of cardiovascular diseases which
ends with the need for other additives to maintain the safety of
foods (Burt, 2004). Hence food industry is focused on finding
natural compounds as an alternative to synthetic food additives
to both meet the consumers’ new demands and increase market
competitiveness (Calo et al., 2015; Socaci et al., 2020).

On the other hand, EOs of several plants are started to be
used as alternatives to synthetic fumigants for protecting the
cereal grains against pest attacks, due to their pesticide properties.
However, there is still a lack of data on the effectiveness of
insecticides derived from aromatic plants under real field and
storage conditions. Indeed, more studies are needed to be done
on plant-derived repellents and their effectiveness before use
in an integrated pest management system (Ebadollahi, 2013;
Ningombam et al., 2017).

Medicinal plants are mainly known to be used in traditional
and official medicine, whereas aromatic plants are used for their
aroma and flavor (Giannenas et al., 2020). Although many studies
in vitro have defined aromatic plants as effective antimicrobial
and antioxidant compounds, their use in food products, such
as traditional dairy, meat and, bakery products, represents an
added value to these foods.

Aside from aromatic plants, medicinal plants have also
been proposed as promising sources of natural food additives
for the food industry (Ortega-Ramirez et al., 2014). Therefore,
aromatic plants and their various extracts and EOs are started
to be used mostly in minimally processed food, organic food,
and functional food production since they are abundant and
cost-effective sources of natural antimicrobials, antioxidants,
and natural bioactive compounds (BACs) with proven health
benefits when incorporated in food formulations (Filipéev,
2020) (Figure 1). Moreover, they are used to replace synthetic
preservatives and antioxidants which help to increase physiological
functionality and storage stability of foods (Atarés & Chiralt, 2016;
Laranjo et al., 2017). They should also not impair the sensory
acceptance of the foods to which they are added. As an example,
Tohma & Turan (2015) showed that the use of rosemary extracts
extends the usage life of hazelnut oil for frying, without having
any adverse effect on the sensory acceptability of French fries.

A few preservatives containing EOs are already commercially
available. “DMC Base Natural” includes 50% EOs from citrus,
rosemary (Rosmarinus officinalis L.), sage and, 50% glycerol,
“Protecta One” and “Protecta Two” are mixtures of herb extracts
used as food additives in the USA (Burt, 2004).

Aromatic plants can be added to food production either in
a fresh or dried state or in the form of their derivatives such as
extracts and EOs. However, there are some restrictions on the
immediate inclusion of EOs into foods, such as their intense
aroma and lack of reproducibility of their activity due to variable
biological effectiveness of qualitative and quantitative changes in
the content of bioactive components that they contain (Ribeiro-
Santos et al., 2017). As an example, Li et al. (2013) showed the
morphology variations and the accumulation of EOs of Cinnamomum
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Figure 1. Value-added effects of using aromatic plants and their
derivatives in foods and human therapy.

cassia at different developmental stages of the oil cells within
the same leaf blade. Further, the extrapolation of results from in
vitro experiments with laboratory media into food products is
not straightforward, as food is a complex system composed of
different interconnected microenvironments (Singh Negi, 2012).
Besides, their low water solubility and high volatility features
make them difficult for some food applications (Ferndndez-
Lépez & Viuda-Martos, 2018). Therefore, their direct addition
to foods causes rapid degradation due to the interaction between
their unstable, volatile composition and external factors such
as light, oxidation, and heating (Sharma et al., 2021). However,
an appropriate selection of EOs depending on the type of food
can hinder these undesirable effects (Burt, 2004). In addition,
nanoencapsulation of EOs in polymers of biodegradable and
edible coatings represents a useful technique for masking
their odor and flavor and for preventing their evaporation,
and also for preventing damage caused by the interactions
of the hydrophobic constituents of EOs with the food matrix
(Alizadeh et al., 2021; Carpena et al.,, 2021). In other words,
EOs are added into foods preferentially as nanoemulsions or
encapsulated in edible and biodegradable polymers are used in
active packaging (AP) systems, to overcome the formation of
an intense aroma due to their strong odor during their direct
addition to foods (Hyldgaard et al., 2012; Ferndndez-Lopez
&Viuda-Martos, 2018).

3 Bioactive compounds (BACs) of aromatic plant
derivatives and their modes of biological action

Nowadays seeking new natural compounds for food
preservation to reduce or replace the use of chemical additives
becomes a major trend worldwide. For this approach, using
aromatic plant extracts and EOs in food production is considered
as an important factor for food quality and safety, due to the
prevention of many aggravating factors like microbial spoilage
and oxidation, besides leading to the strengthening of taste and
color of food (Magnuson et al., 2013; Fernandes et al., 2016;
Mani-Lépez et al., 2018).
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Today, around 3000 EOs have been produced by using
at least 2000 plant species, out of which 300 are important
from the commercial point of view (Raut & Karuppayil, 2014;
Tariq et al., 2019). They contain BACs of different composition
and activity, which are secondary metabolites of aromatic plants
that are generally localized in temperate to warm countries
like the Mediterranean and tropical countries (Bakkali et al.,
2008; Amorati et al., 2013), such as terpenes, terpenoids, and
sesquiterpene hydrocarbons, and their oxygen-substituted
derivatives as volatile compounds, and hydrocarbons, sterols,
fatty acids, waxes, carotenoids, and flavonoids/flavanols as non-
volatile residues (Christaki et al., 2012; Calo et al., 2015; Shahidi
& Ambigaipalan, 2015; Hashemi et al., 2017; Giacometti et al.,
2018). They can be synthesized by all plant organs, such as seeds,
roots, twigs, barks, leaves, buds, flowers, fruit peels. They are
stored in secretory cells, canals, epidermic cells, or glandular
trichomes, but their qualitative and quantitative composition
which determines their antioxidative and antimicrobial potential,
is dependent on what part of the plants are used (Bakkali et al.,
2008; Fisher & Phillips, 2008; Calo et al., 2015; Nazzaro et al.,
2017; Mani-Loépez et al., 2018; Sharma et al.,, 2021) and on the
selection of suitable extraction procedure since the amount of
EOs can vary from 0.01 to 10% of the total mass of the aromatic
plants (Elshafie & Camele, 2017; Hashemi et al., 2017). As an
example, Kuropka et al. (1991) showed that terpenes were found
in very small amounts in EOs from green parts and roots, while
high amounts were found in EOs from flowers in sneezewort
(Achillea ptarmica). On the other hand, EOs of citrus are mainly
located in the fruit peel which facilitates their extraction more
economically way since the fruit peel constitutes a waste for the
fruit juice industry (Settanni et al., 2012). In addition, since the
extraction step plays a prime role in the performance and also
in the quality of EOs, novel extraction techniques (supercritical
fluid extraction, microwave-assisted extraction, ultrasound-
assisted extraction, molecular spinning band distillation, dynamic
headspace, static headspace, solvent flavor evaporation, etc.)
that can overcome the drawbacks of the steam distillation, such
as the degradation of some volatile heat-sensitive compounds
of EOs due to their relatively high temperatures and long
extraction times to obtain high-quality EOs without damage or
alteration of their thermosensitive components (Tongnuanchan
& Benjakul, 2014; Elshafie & Camele 2017; Hashemi et al., 2017;
Pateiro et al., 2018).

Natural BACs of aromatic plants have been studied for
years due to their unique characteristics that carry crucial
importance in food production (Fernandes et al., 2016). Much
interest is focused on the Lamiaceae family that consists of
roughly 236 genera and 7200 species, such as rosemary, sage,
thyme, and oregano, plants of high commercial importance
(Hashemi etal., 2017). As an example, rosemary which belongs
to the Lamiaceae family, is a widely fresh or dried-consumed
aromatic plant and its extracts include various BACs such as
carnosol, carnosic acid, caffeic acid, rosmanol, and rosmarinic
acid (Ribeiro-Santos et al., 2015). Its EOs include a-pinene,
(—)-bornyl acetate, camphor and eucalyptol (Arranz et al., 2015),
which produce a synergic effect when combined with others EOs
or compounds (Gibriel et al., 2013; Camele et al., 2019). They
are used in traditional food production as flavoring agents, are
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incorporated in food packaging as antimicrobial and antioxidant
agents, and in folk medicine due to its anti-cancer and anti-
inflammatory effects (Teixeira et al., 2013; Ribeiro-Santos et al.,
2015). Sage (Salvia officinalis), mint (Mentha piperita), marjoram
(Marjorana hortensis Moench), oregano compactum (Origanum
compactum), and thyme (T. vulgaris) which belong to the family
of Lamiaceae, are also other aromatic plants with significant
interests in the food industry (Lorenzo et al., 2019). Among
them, thyme includes thymol, carvacrol, geraniol, and linalool
which are reported to have antioxidant and antimicrobial effects
(Fachini-Queiroz et al., 2012; Boruga et al., 2014; Laranjo et al.,
2019). Oregano includes carvacrol (30%) and thymols (27%) as
the major chemical components, whereas linalool is the major
component in cilantro (Coriandrum sativum), and other EOs
such as a, and f, a- and b-thuyone (57%), and camphor (24%)
are present at high levels in wormwoot (Artemisia herba alba)
(Bhavaniramya et al., 2019). Therefore, leaves and EOs of thyme
are used in various industrial food products such as ice-cream,
butter, meat, liqueur, and candy not only for flavor enhancement
but also for slowing the oxidation process and decreasing color
changes of these products (Laranjo et al., 2019; Lorenzo et al.,
2019) as well as for improving their shelf-life by its antimicrobial
feature (Daugan & Abdullah, 2017). EOs of eucalyptus (Eucalyptus
globulus) include 1,8-cineole as the major compound and have
other BACs such as cryptone, a-pinene, p-cymene, a-terpineol,
trans-pinocarveol, phellandral, cuminal, globulol, limonene,
aromadendrene, spathulenol, and terpinene-4-ol which can be
used as flavoring agents and natural preservatives in especially
candy production (Sebei et al., 2015). The largest sector of the
world’s EOs production is on citrus Eos (Tirado et al., 1995)
which are also used as a flavoring and antioxidant agents in
food production.

The use of aromatic plant derivatives as natural food
preservatives requires detailed knowledge about their properties,
such as BACs, the range of target microorganisms, the minimum
inhibitory concentration (MIC), the mode of biological action,
and the effect of food matrix components on their preservative
properties (Hyldgaard et al., 2012). In other words, it is important
to develop a better understanding of modes of biological action
of aromatic plant extracts and EOs for the applications in food
production and human health (Bakkali et al., 2008). However,
predictions about the mode of action of EOs require several
investigations of target sites of their BACs, and their interactions
with the surrounding environment (Hyldgaard et al., 2012).
Table 1 lists the selected publications and their main results
regarding the major BACs of some aromatic plants used in the
food industry and their antimicrobial and antioxidant activities.
On the other hand, to the knowledge, that many different
methods have been compiled to evaluate the antioxidant and
antimicrobial performance of EOs in the literature and those
that have sometimes given contradictory results that may
mislead future research, it becomes not easy to compare the
efficiency of EOs.

BACs of aromatic plants possess antioxidant properties
not only for protecting the cellular systems from oxidative
damage and reduce the risk of chronic diseases including cancer,
cardiovascular disease, diabetes, and Alzheimer’s in humans but
also for delaying the development of off-flavor in food products

by inhibiting oxidative rancidity (Fernandes et al., 2016). Shahidi
& Ambigaipalan (2015) reported that the antioxidant effect of
EOs is due to the presence of hydroxyl groups in their phenolic
compounds. Besides, Ruberto & Baratta (2000) analyzed the
antioxidant effectiveness of almost one hundred components
of EOs of fresh leaves of Lippia origanoides Kunth. and M.
spicata L. by measuring the formation of hydroperoxydienes
and malondialdehyde components of the oxidative process of a
lipid matrix and found that two phenols (carvacrol and thymol)
were the most active ones among the other volatile compounds.
In other words, the antioxidant activity of BACs is closely
correlated with their phenolic compounds and mainly due to
the tendency of phenolic compounds to inhibit the synthesis of
reactive oxygen species and their high redox properties. It also
depends on their chemical structure, which may be in charge
of chelating transition metals (binding of transition metal ion
catalysts), neutralizing free radicals, and quenching singlet and
triplet oxygen by delocalization or decomposing peroxides and
hence play a protective role for highly unsaturated lipids in foods
against oxidative damage (Christaki et al., 2012; Tongnuanchan
& Benjakul, 2014; Alizadeh et al., 2021). Phenolic compounds
of EOs, such as the monoterpenes carvacrol, the phenylpropene
eugenol, and thymol can be stated as primary antioxidants or
chain-breaking antioxidants, and effective free radical scavengers
(Bakkali et al., 2008). Their antioxidant activity occurs through
start-up, diffusion, and termination phases in which the start-up
phase involves homolytic breakdown of hydrogen at a-position
relative concerning the double fatty acid chain bond, leading to
the formation of allyl radical, the propagation phase involves
oxidizing of the unsaturated fatty acids by formed peroxyl
radicals, yet leading to the production of hydroperoxides,
and the termination phase involves decomposition of these
hydroperoxides, originating alcohols, hydrocarbons, formic acid,
aldehydes, ketones, alkyl formates, and alkoxyl radicals (Miguel,
2010; Pateiro et al., 2018). The reactions in the amplification
phase cause a chain reaction until a termination phase occurs
(Shahidi & Ambigaipalan, 2015).

Functional properties of BACs are usually determined by their
chemical composition, but their bioaccessibility and bioavailability
aspects as well as their metabolic fates are of great importance
for developing novel functional foods (Lorenzo et al., 2019).

Aromatic plant derivatives are potent inhibitors of bacterial
growth in foods and most of their properties have been linked to
EOs and other secondary plant metabolites (Calo et al., 2015).
Different types of EOs include lavender (Lavandula angustifolia),
thyme (Thymus vulgaris), eucalyptus (Eucalyptus globulus),
cinnamon (Cinnamomum zeylanicum), neem (Azadirachta
indica), clove (Syzygium aromaticum), peppermint (Mentha
piperita), lemon (Citrus limonum), tea tree (Melaleuca alternifolia),
mustard (Brassica nigra), fennel (Foeniculum vulgare), and others
(Bhavaniramya et al., 2019; Laranjo et al., 2019; Tariq et al.,
2019). These volatile compounds are referred to as biologically
active substances, implying their effect on living organisms, and
are responsible for controlling microbial growth and preserving
food. Therefore, the antimicrobial effects of EOs have been
screened against various microorganisms for years, but their
mechanisms of action have still not been completely understood
due to the various BACs of EOs as mentioned (Calo et al.,
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2015; Bhavaniramya et al., 2019). However, it is known that the
hydrophobicity of BACs of EOs enables them to accumulate in
the lipid bilayer of the bacterial cell membrane and mitochondria,
which leads to more permeable cells and this leads to disruption
of cell homeostasis, extensive leakage of critical molecules from
bacterial cells, growth inhibition, and cell death (Solérzano-
Santos & Miranda-Novales, 2012). In addition, the aromaticity
and the presence of the functional hydroxyl group attached to
a phenyl ring in phenolic compounds are also attributed to the
greatest antibacterial activity among the secondary metabolites
found in EOs (Christaki et al., 2012). Gram-positive bacteria
cell wall contains peptidoglycan with proteins and teichoic acid
attached to it, which provides EOs that easily pass across this
membrane and reach cytoplasm. Unlike the cell wall of Gram-
positive bacteria, the outer membrane of Gram-negative bacteria
contains hydrophilic lipopolysaccharides (LPS), which create a
barrier toward macromolecules and hydrophobic compounds,
providing Gram-negative bacteria with higher tolerance toward
hydrophobic EOs. Hence, Gram-negative bacteria are less
susceptible to EOs than Gram-positive bacteria (Trombetta et al.,
2005; Mishra et al., 2020). Mishra et al. (2020) also stated the
effect of the shape of bacteria on the action of EOs and reported
that rod-shaped cells are additionally vulnerable as compared
to coccoid shape ones.

3.1 Antimicrobial effect of aromatic plant derivatives
against pathogenic microorganisms in foods (natural
preservatives)

The chemical composition of EOs is very complex because
hundreds to thousands of components may be observed within
a single EO. Since the biological activity of EOs depends on
the whole phytocomplex, it is not appropriate to try to detect a
single compound as responsible for the activity (Buriani et al.,
2020). However, the antimicrobial activity of most EOs may
be represented by few major compounds that nearly constitute
20-70% in comparison to other components of oil fraction
(Bhavaniramya et al., 2019; Tariq et al., 2019). In addition, the
composition of each EO can vary depending on the season of
harvest, and the methods used to extract the oil (Hyldgaard et al.,
2012). As an example, the minimum inhibitory concentrations
(MICs) of four different types of thyme oil (thymol, carvacrol,
thuyanol, and linalool type) against S. aureus were found
between 250 and 4000 pug/mL depending on the presence of
thymol (Elshafie & Camele, 2017). Therefore, their antimicrobial
activity cannot be confirmed based only on the action of one
compound (Bajpai et al., 2012).

As mentioned before, the antimicrobial activity of EOs can
be due to their ability to penetrate through bacterial membranes
to the interior of the cell and exhibit inhibitory activity upon
the functional properties of the cell, and to their lipophilic
properties. In other words, they primarily act by enhancing the
permeability of the membrane (Mishra et al., 2020).

Most studies on the antimicrobial effect of EOs have been
mostly performed on bacteria, however many kinds of EOs
obtained from different aromatic plants were also shown to exhibit
intense antifungal properties (Prakash et al., 2012; Calo et al,,
2015; Nazzaro etal., 2017; Alizadeh et al., 2021). As an example,

Hu et al. (2017) showed a 93.41% reduction in the growth of
Aspergillus flavus mycelia at a concentration of 8 pL/mL of EOs
of turmeric (Curcuma longa L.) in Yeast Extract Sucrose broth.
On the other hand, many EOs were also tested for antiviral
activity against various viruses, such as DNA virus: human
Herpes virus type 1 and 2 (HSV-1 and HSV-2) [74], and RNA
virus: SARS-CoV and Junin virus (Miguel, 2010). Yasmin et al.
(2020) also reported the list of several aromatic plant extracts
which act as antiviral agents against viral diseases of livestock.
Furthermore, studies of plant extracts against the virus have
been carried showing their antiviral action (Boukhatem &
Setzer, 2020) by inhibiting in vivo and in vitro viral replication
(Notka et al., 2004; Ganesan et al., 2012). For example, Lycoris
radiata, Pyrrosia lingua, Artemisia annua, and Lindera aggregate
showed promising antiviral effects (Boukhatem & Setzer, 2020).
Amaryllidaceae species contain lycorine which showed a potent
effect upon SARS-CoV (Boukhatem & Setzer, 2020), but also
upon Herpes simplex virus (HSV; type I) (Renard-Nozaki et al.,
1989) and Poliomyelitis virus (Ieven et al., 1982). Yet, the root
extract of Potentilla arguta blocked Respiratory syncytial virus
(RSV) (Boukhatem & Setzer, 2020). Recently, this research was
extrapolated to SARS-CoV-2 as the virus belongs to the same
family and presents similarities (Boukhatem & Setzer, 2020).

Tariq et al. (2019) showed the chemical composition of
various EOs of aromatic plants and their antibacterial activity
on several pathogenic bacteria. For example, juniper (Juniperus
phoenicea) has an inhibitory effect on P. aeruginosa, Escherichia
coli, S. aureus, Enterococcus faecium, Salmonella enterica spp.,
and ajwain (Trachyspermum ammi) on S. aureus, E. coli, and
Klebsiella pneumoniae. Calo et al. (2015) also gave detailed
information on antibacterial and antifungal activities of EOs
of aromatic plants against human pathogens. Fournomiti et al.
(2015) also showed antimicrobial activities of oregano, sage,
and thyme against E. coli, K. oxytoca, and K. pneumoniae.
EOs of basil (Ocimum basilicum) has been shown to have an
antimicrobial effect against multi-drug resistant strains of the
genera Staphylococcus, Enterococcus, and Pseudomonas when
they are exposed for 24 h at a minimum inhibitory concentration
(MIC) between 0.0030% and 0.0007% (v/v) (Opalchenova and
Obreshkova 2003). EOs of thyme (T. vulgaris) is effective ata MIC
0f0.12 (mg/mL) for S. aureus subsp. aureus, Enterococcus faecalis,
and E. coli, and of 0.24 (mg/mL) for P. aeruginosa determined by
employing the standard disks diffusion technique (Bruni et al.
2004). EOs of cinnamon, oregano, and thyme showed significant
antimicrobial activities with MIC > 0.125 uL/mL against Listeria
monocytogenes, E. coli, Bacillus thermosphacta, and Pseudomonas
fluorescens by using the broth dilution method (Mith et al., 2014),
whereas Demo et al. (2005) did not find any inhibition on P,
aeruginosa by using the disk diffusion method with any of the
EOs of aromatic plants like Aloysia triphylla, Psila spartoides,
Baccharis flabellate, Pectis odorata, P. spartoides, etc. collected
from different regions of Argentina. However, they found A.
triphylla., P. spartoides, and Anemia tomentosa as the most
effective compounds against Bacillus cereus, while A. triphylla
and B. flabellate against S. aureus. Habbadi et al. (2018) found
O. compactum and T. vulgaris as the most significant in vitro
antibacterial activities, with a MIC of 0.156 and 0.312 mg/mL,
on Allorhizobium (Agrobacterium) vitis respectively. As another
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example, Settanni et al. (2012) showed strong inhibitory activities
of monoterpenes, sesquiterpenes, and oxygenated derivatives
in several citrus genotypes’ (grapefruit, orange, mandarin,
pummelo, kumquat, and lemon) EOs against 43 strains of L.
monocytogenes, 35 strains of S. aureus, and 14 strains of . enterica
spp. The terpenes and the oxygenated terpenes in EOs of lemon
showed significant antifungal potential against Candida spp. such
as C. albicans, C. tropicalis, and C. glabrata (Bhavaniramya et al.,
2019). Sartoratto et al. (2004) studied antimicrobial activities of
EOs of Mentha piperita, M. spicata, T. vulgaris, Origanum vulgare,
O. applii, A. triphylla, Ocimum gratissimum, and O. basilicum
and found that A. triphylla and O. basilicum had moderate
inhibition activity against S. aureus while only A. tryphila and
M. piperita were able to control the yeast Candida albicans.
Unlu et al. (2010) reported the EOs of cinnamon as inhibitory
agents on the diverse range of bacterial pathogens, such as E.
feacium, Streptococcus pyogenes, S. aureus, S. pneumoniae, B.
cereus, E. faecalis, Acinetobacter Iwoffii, K. pneumonia, E. coli,
S. Typhimurium, Proteus mirabilis, Mycobacterium smegmatis,
P, aeruginosa, and Clostridium perfringens, using disc diffusion
and minimum inhibitory concentration methods.

The use of synthetic compounds for food preservation may
tend to undesirable aspects, including acute toxicity, teratogenicity,
carcinogenicity, and slow degradation periods, which could also
lead to environmental problems, such as pollution (Faleiro,
2011). EOs, as being natural antimicrobials (substances that are
naturally occurring and directly derived from biological systems
without alteration or modification in a laboratory setting are
recognized as “natural antimicrobials”) (Calo et al., 2015), are
good alternatives that are effective in several food applications by
decreasing growth and survival of microorganisms (Burt, 2004;
Fisher & Phillips, 2008; Juneja et al., 2012; Sol6rzano-Santos
& Miranda-Novales, 2012; Jayasena & Jo, 2013; Mishra et al.,
2020). To the knowledge, a higher dose of EOs is needed for
effective antimicrobial action in foods than that observed in in
vitro assays since foods are multicomponent systems consisting
of different interconnecting microenvironments (Filipcev, 2020).
The lipid percentage of traditional meat and dairy products are
considerably high and EOs are soluble in lipids, which taken
together with the usual low pH and the typical low a  that reduces
the aqueous phase of these products increasing the contact between
EOs and foodborne or spoilage microorganisms, enhances
their antimicrobial effect (Calo et al., 2015). Besides, most of
the BACs of EOs show synergistic antimicrobial activity when
used in combination (Bassolé & Juliani, 2012). As an example,
some BAC:s such as y-terpinene, carvacrol, and p-cymene are
more effective when they are combined. Because p-cymene
acts as a mediator for transportation of carvacrol across cell
wall components and the cytoplasmic membrane of pathogenic
fungi. In addition, the enzymatic reactions within the EOs and
the lipophilic properties of BACs can play a role in degrading
the microbe plasma membrane, leading to the lyses of the hypha
wall in fungi (Elshafie & Camele, 2017).

The antimicrobial effect of EOs can also be increased when
used in combination with other technologies for food preservation.
For example, although antimicrobial activity tests demonstrated
the effectiveness of Laurus nobilis and Myrtus communis EOs,
which were all obtained by steam distillation from aerial parts
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L. nobilis and M. communis from Morocco, low concentrations
(0.2 mL/mL) of these EOs combined with mild heat treatment
(at 54 °C for 10 min.) or high hydrostatic pressure (HHP) (175-
400 MPa for 20 min) treatments showed synergistic lethal effects
against E. coli O157:H7 and L. monocytogenes cells in the tubes
containing 5 mL of sterile citrate—phosphate bufter at pH 7.0 or
4.0, allowing up to 5 log inactivation of bacteria counted by image
analyzer automatic counter (Cherrat et al., 2014).

3.2 Antioxidant effect of aromatic plant derivatives in food
products

The shelf life in certain foods is drastically reduced if no
additives are added. Animal-derived foods are the best examples
of perishable food products with different lipid and protein
amounts (Dominguez et al., 2018). Lipid and protein oxidation
is the main reason for the chemical spoilage in animal-derived
foods that leads to the production of objectionable changes in
nutritional value, flavor, and texture of foods. Although milk
contains trace amounts of antioxidant molecules such as low
molecular weight (LWM) thiols (Niero et al., 2015), ascorbate
(Nielsen et al., 2001), tocopherol, retinol, and carotenoids (Jensen
& Nielsen, 1996), enzymes (superoxide dismutase, catalase, and
glutathione peroxidase) (Khan et al., 2019), and dairy products
have potential antioxidant activity due to their wide diversity of
antioxidant molecules such as milk caseins (phosphate provides
antioxidant activity to the casein micelles) and whey proteins
(Alenisan et al., 2017), they are not enough to prevent lipid
oxidation and so to neutralize and to scavenge the free radicals
and their harmful effects. Therefore, dairy products are still
highly perishable foods that are susceptible to hydrolytic and
oxidative rancidity and deteriorate when they are exposed to
heat, oxygen, light, enzymes, and metal ions (Filip¢ev, 2020).

As within milk and dairy products, meat and meat products
are also rich in protein and lipids which can be oxidatively
degraded as a result of chemical and enzymatic processes during
production and storage. Pro-oxidants that can be found in
meat products include reactive oxygen species (ROS), reactive
nitrogen species (RNS), and byproducts of oxidative processes
(Oswell et al., 2018). In addition, the presence of transition
metals, such as heme iron, in meat and meat products greatly
contributes to the oxidation process which results in the loss of
organoleptic and nutritional properties in these foods (Jayasena
& Jo, 2013; Macho-Gonzalez et al., 2020). Lipid oxidation is
initiated and propagated by a free-radical chain reaction. On the
other hand, protein oxidation occurs at the side chain of amino
acids (tryptophan, cysteine, histidine, methionine, and tyrosine)
that have high electron density as well as the protein backbone
(Papuc et al., 2017). During oxidation reactions, the formation
of hydroperoxides promotes new degradation reactions and
generates undesirable volatile compounds, such as ketones,
aldehydes, alcohols, and acids (Lorenzo et al., 2018). In other words,
meat and meat products are also highly susceptible to lipid and
protein oxidation due to their high contents of polyunsaturated
fatty acids and prooxidants such as heme species. Therefore,
oxidation negatively affects not only the appearance of meat
and meat products by oxidizing myoglobin to oxymyoglobin
and metmyoglobin, and producing brown pigments that also
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reduces consumer satisfaction (Pateiro et al., 2018) but also the
digestibility of key nutrients (Oswell et al., 2018). It also yields
genotoxic and cytotoxic derivatives of amino acids (Papucet al.,
2017). Unlike milk, meat and meat products are lacking various
endogenous antioxidants (Filipéev, 2020).

Bread and bakery products can be improved in nutrient
profile and functionality by supplementing their formulation
with bioactive substances and antioxidants. As an example,
Dziki et al. (2014) reported an improved antioxidant activity
ofloaves of bread when they were supplemented with turmeric
(Curcuma longa), cilantro, fennel, ginger (Zingiber officinale),
oregano, and black and green tea (Camellia spp.) extracts. Filipcev
(2020) also listed other important attributes such as color, taste,
odor, volume, and texture of bread and bakery products when
they were supplemented with various aromatic plant derivatives
such as extracts of black or green tea and green coffee, EOs of
oregano, ginger, fennel, coriander, turmeric, and herbal blends
of nettle, rosehip, ironwort, etc., besides their antioxidative and
pro-health potential.

Antioxidants are compounds capable of slowing or retarding
the oxidation of oxidizable nutrient elements such as lipids,
proteins, carbohydrates, and to a minor extent, other organic
molecules found in foods, even when used in <1% amounts
as compared to the amount of material they have to protect
(Amorati et al., 2013).

Owing to excellent antioxidant properties, aromatic plant
extracts and EOs can be used as a means to control and prevent
lipid and protein oxidation during storage under ambient
conditions or refrigerated state and hence to prolong shelf-
life of dairy, meat, and bakery products (Amorati et al., 2013;
Filipcev, 2020; Mishra et al., 2020). As an example, rosemary
extract, which is allowed as a component of an antioxidant
blend in FSIS Directive 7120.1, ‘Safe and suitable ingredients
used in the production of meat, poultry, and egg products, is the
most prevalent antioxidant replacer used throughout the meat
industry (Oswell et al., 2018). Some synthetic antioxidants such
as butylated hydroxyanisole (BHA), butylated hydroxytoluene
(BHT), tertiary butyl hydroxyquinone (TBHQ), and sodium
erythorbate which are mainly used to solve the problem of
oxidative decay in meat products, are suspected to be potentially
harmful to human health. Therefore, in several countries, their
use has been limited or even prohibited. Besides, the level of these
antioxidants is critical in preserving lipid-containing foods to
minimize the development of objectionable odors and flavors due
to rancidity and to prevent or reduce the formation of decomposed
products that could be toxic. The development of rancidity also
involves the degradation of vitamins, essential fatty acids, and
essential amino acids which brings a loss of nutritional value
(Nanditha & Prabhasankar, 2009). This stimulated the alternative
use of aromatic plant extracts and EOs as natural antioxidants
to protect food products from rancidity (European Food Safety
Authority, 2010; Falowo et al., 2014; Fernandes et al., 2016).
Asan example; extracts of pine bark (Pinus maritima), oregano,
rosemary, green tea, nettle (Urtica dioica), and cinnamon perform
the role of antioxidants in meat and poultry (Karre et al., 2013;
Shah etal., 2014). In addition, Hygreeva et al. (2014) confirmed
synergistic antioxidant action of these extracts in inhibition

10

of lipid oxidation in fermented, cooked, and irradiated meat
products. However, since the results of antioxidative activity
of EOs were obtained with different methods in the literature
and hence the numerical comparison is not possible, some
researchers also presented a qualitative comparison with the
antioxidative activity of BHT and/or BHA (Amorati et al., 2013).
As an example, Martinez-Tomé et al. (2001) found the ability
of several natural and synthetic compounds to inhibit lipid
peroxidation in decreasing order as rosemary > oregano > propyl
gallate > annatto > BHA > sweet paprika > cumin > hot paprika
> saffron > BHT. Politeo et al. (2006) showed the antioxidant
capacity of EOs of twelve aromatic plants, which was determined
by four different methods: (DPPH) radical scavenging method,
determination of ferric reducing antioxidant power (FRAP),
determination of antioxidant activity with thiobarbituric acid
reactive species (TBARS), and automatic determination of the
oxidative stability of fat (RANCIMAT), in decreasing order as
clove > basil > laurel > coriander > nutmeg > black pepper >
everlast > mint > marjoram > cinnamon > sage > fennel.

Oregano EOs was shown to protect extra virgin olive oil
from oxidation during storage (Asensio et al., 2012).

3.3 Anti-quorum sensing (anti-QS) and anti-biofilm
activities of aromatic plant derivatives

Production of degrading enzymes, pigments, and bacteriocins,
regulation of bioluminescence (Miller & Bassler 2001), expression
of virulence factors, mechanisms of resistance to stress conditions,
sporulation, motility, and formation of biofilm depends on
bacterial cell density through a phenomenon of “quorum sensing
(QS)”, in which cells communicate by synthesizing, detecting
and reacting to low molecular weight, diffusible, hormone-like
signaling molecules called autoinducers (AI) (Gobbetti et al.,
2007; Mizan et al., 2016; Machado et al., 2020). Autoinducers
accumulate and activate specific receptors associated with
transcription signals for controlling these biochemical processes,
which are of major importance in bacterial pathogenesis when
a “quorum” (e.g., a certain threshold concentration) is reached
(Gobbetti et al., 2007; Olivero et al., 2011; Mukherjee & Bassler,
2019). This will also trigger the dispersion of the biofilm. Gram-
negative bacteria use acylated homoserine lactones (AHLs) as
autoinducers, and Gram-positive bacteria use ribosomally-
generated oligopeptide called an autoinducing peptide (AIP or
peptide pheromone) to communicate (Miller & Bassler, 2001).

The capacity to behave collectively as a group, which was
once believed to be restricted to multicellular organisms, gives
bacteria the ability to migrate to a more suitable environment and
to adopt new modes of growth, which protects from detrimental
environments (De Kievit & Iglewski, 2000). Moreover, QS plays
an important role not only in the development of the food
microbial ecology, but also in the spoilage of meat products,
milk and dairy products, and vegetables (Galié et al., 2018).
Therefore, the disruption of QS could decisively contribute to
control the expression of many harmful and pathogenic strains
of bacteria. This fact has allowed the development of various
studies on the use of anti-quorum sensing (Anti-QS) natural
compounds, which specifically block the AHL regulation, not
only for the food industry to create new options for food safety

Food Sci. Technol, Campinas, v42, e43121, 2022



Original Article

Mercanoglu Taban et al.

but also the treatment of infections caused by pathogenic bacteria
(Machado et al., 2020).

QS cell-density-dependent regulation of gene expression
is a major component of biofilm physiology since biofilms
contain high concentrations of bacterial cells (Machado et al.,
2020). Biofilms, which are defined as the surface community
of microorganisms characterized by cells that are irreversibly
associated with a surface, embedded in a matrix of extracellular
polymeric substances (EPS), and display an altered phenotype
concerning gene expression, protein production, and growth,
can be formed on plastic, metal, glass, cement, wood surfaces
within the food industry, and also in food products (Cloete et al.,
2009). However, these surfaces cannot be colonized by biofilms
unless they have been exposed to organic material from their
environment (Allison et al., 2000). In the food industry, foodborne
pathogenic bacteria, such as S. enterica spp., L. monocytogenes,
pathogenic E. coli, Campylobacter spp., S. aureus, Bacillus cereus,
and Pseudomonas aeruginosa cause severe hygienic trouble and
serious public health risks by both attaching on several food
matrices having water activities above 0.9 (a > 0.9) and wet food
processing surfaces and developing biofilms (Chmielewski &
Frank, 2003; Giaouris et al., 2015; Galié et al., 2018). Moreover,
biofilms not only contain mixed populations of bacteria but also
fungi, protozoa and if conditions are suitable, they can host
even higher organisms in the food chain such as nematodes
and larvae (Cloete et al., 2009). From another point of view,
biofilm-colonized products can be considered adulterated and
might be subject to recall. Moreover, biofilm formation presents
a large economic burden to the food industry which can also
be associated with a negative effect on a company’s profitability.

The action of EOs on biofilms depends on the hydrophobicity,
reactivity, the diffusion rate of EOs in the matrix, and the
composition and structure of the biofilm (Melo et al., 2019).
Regarding microbial inactivation in biofilms, aromatic plant
derivatives have been reported to mainly affect the cellular
membrane by permeabilization (Nazzaro et al., 2013), which leads
to the disruption of vital cellular processes, such as membrane
transport, energy production, and metabolic regulatory functions
(Grigore-Gurgu et al., 2019). Melo et al. (2019) stated that
the EOs of Ocimum gratissimum L. [yielded 1.66% w/w, with
eugenol as the major component (74.83%)] can break off the
formation of biofilm of S. aureus and E. coli by blocking the
quorum-sense system, inhibiting the transcription of flagellar
genes or by interfering with bacterial motility. EOs can also
increase the oxidative stress in microbial cells which leads to
damages of intracellular macromolecules and hence cellular
apoptosis (Das et al., 2020). Therefore, they can be used as
natural quorum-sensing inhibitors (QSIs) in the food industry
(Poli et al., 2018).

Caceres et al. (2020) showed strong inhibitory effects of the
EOs of aromatic plants (Lippia origanoides, T. vulgaris, Lippia alba,
Cymbopogon martini, Cymbopogon flexuosus, Rosmarinus officinales,
S. officinales, Swinglea glutinosa, Tagetes lucida, Satureja viminea,
Cananga odorata, Citrus sinensis, and Elettaria cardamomum)
on biofilm formation and violacein (quorum sensing-QS)
production in a concentration-dependent manner. As another
example, EOs of thyme was shown to inhibit significantly the
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biofilms formed by S. aureus and E. coli (Szczepanski & Lipski,
2014) and the biofilm formed by B. cereus (Kang et al., 2018).
EOs of Piper bredemeyeri, P. brachypodom, and Piper bogotence
found in Colombian flora had 50% inhibitory concentration (IC, )
for quorum sensing of 45.6 pg/mL, 93.1 ug/mL, and 513.8 pg/
mL, respectively which increases the use of them in possible
control of bacterial diseases (Olivero et al., 2011). EOs of sage,
lemon, juniper, and marjoram have been examined in the food
industry and reported as effective QSIs against B. cereus, E. coli,
and Pichia anomala (Kerekes et al., 2015; Luciardi et al., 2016).
EOs of S. aromaticum (clove) and Mentha spicata (spearmint)
inhibited the biofilm of Listeria spp., while in the presence of
their main compounds alone, namely eugenol and R-(—) carvone,
respectively, the biofilm biomass was increased (Chauhan et al.,
2009; Leonard et al.,, 2010). In addition, Camele et al. (2019)
reported an overview of the principal constituents of some EOs
extracted from different aromatic plants which display anti-QS
activity. Among them, members of the family Lamiaceae have
promising anti-QS properties to combat different food pathogenic
microorganisms.

4 The use of aromatic plant derivatives in active
packaging (AP) systems

There has been a rising demand for fresh, healthy, and
safe food products which are in packaging materials especially
obtained from renewable and biodegradable sources (Ribeiro-
Santos et al., 2017). This led researchers to investigate new
advances in packaging systems, leading to the development of
several packaging technologies including passive, active, smart,
and intelligent packages (Salgado et al., 2019). Among them,
active packaging (AP) systems have also functioned beyond the
containment and protection of the product (Amorati etal., 2013).

AP systems are innovative packaging technology in which
the foods, the packaging material, and the environment interact
to prolong the shelf-life of food products by inactivation or
degradation of undesirable compounds, and to enhance the
sensory properties while maintaining the quality of the foods by
creating a barrier to the outside environment (Suppakul et al.,
2003; Sharma et al., 2021). AP systems employ antimicrobials or
oxygen scavenging antioxidants or include moisture absorption
and control, and carbon dioxide and ethanol generation systems
to protect foods from contamination or degradation or include
emitters of flavor, aroma, and other compounds (Khezerlou &
Jafari, 2020). According to the Regulation 1935/2004/EC and
the Regulation 450/2009/EC, active materials which are slowly
released into the food product in the active packing are referred
to as “materials and articles that are intended to extend the shelf-
life or to maintain or improve the condition of packaged food”
(Carpena et al.,, 2021). Among these molecules, polyphenols,
flavonoids, tocopherols, pigments or particularly EOs of aromatic
plants are considered target compounds to be included in AP
systems due to their volatile aroma compounds. In addition,
they also have antimicrobial and antioxidant properties which
can enhance the shelf-life of the food products (Atarés &
Chiralt, 2016; Carpena et al., 2021). Since the incorporation of
particular materials into AP systems may also affect the safety
of food products, the use of EOs in active packaging can also
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reduce food safety risks both raised from synthetic additives
(Sharma et al., 2021) and absorbent pads in food packaging.
Besides, it is a cost-saving alternative that has the potential to
eliminate food safety risks (Dominguez et al., 2018).

As an example, EOs of aromatic plants can preferably be
added into the absorbent pads to overcome the unsanitary juices
trapped in pads during the shelf-life of foods which causes
undesirable odors, spoilage, and potential growth of foodborne
pathogens (Martillanes et al., 2017). Overall, this packaging
system has an advantage in the reduction of foodborne illness
outbreaks and food recalls (Vilela et al., 2018).

The application of EOs in AP can be used in the forms of
films and coatings (Sharma et al., 2021). The EOs can be in a
separate container or be directly incorporated into the packaging
material in which they can be released during transportation and
storage of food and contributing to prolonging food shelf-life
(Wen et al,, 2016; Ribeiro-Santos et al., 2017). Packaging and
coating incorporated with EOs increase surface hydrophobicity and
the UV barrier property (Sharma et al., 2021). EOs incorporated
into films and coatings have been applied in meat, dairy, fish, and
bakery products, resulting in prolonged shelf-life and enhanced
quality (Ribeiro-Santos et al., 2017; Dominguez et al., 2018).

The antioxidative capacity of EOs incorporated films
depends on the intrinsic activity of EOs and film permeability to
oxygen (Atarés & Chiralt, 2016). On the other hand, side-effects
of incorporation of EOs into the polymer network may arise
due to the induction of undesirable microstructural changes
in the properties of films and coatings. This can be overcome
by encapsulation of EOs in packaging materials (Ribeiro-
Santos et al., 2017).

Examples of AP incorporating a large variety of EOs from
different aromatic plants such as basil, chamomile (Matricaria
chamomilla L.), cardamom (Elettaria cardamomum (L.) Maton),
and rosemary were compiled by Ribeiro-Santos et al. (2017).
Lin etal. (2018) also showed that AP containing thyme essential
oil/B-cyclodextrin e-polylysine nanoparticles (TCPNs) improves
the antimicrobial properties against Campylobacter jejuni in
chicken soup since transmission electron microscopy (TEM) and
SDS-PAGE results confirmed the damaged cell membrane and
proteins leakage. A mixture of EOs of cinnamon and clove was
found to inhibit the growth of spoilage bacteria, yeasts, and fungi
usually found on intermediate moisture foods, and thus seems
to be a good alternative to synthetic preservatives used in AP
systems (Calo etal., 2015). An AP system for chicken meat that,
incorporating EOs of rosemary at 4% (w/w), inhibits the increase
of biogenic amines (putrescine, histamine, and cadaverine) as
well as Pseudomonas spp., Brochothrix thermosphacta involved
in their production (Sirocchi et al., 2013). Suppakul et al. (2008)
used low-density polyethylene (LDPE)-based films containing
linalool or methyl chavicol in wrapping Cheddar cheeses which
were contaminated with E. coli or L. innocua, stored them at
refrigerated (4°C) or abuse (12°C) temperatures. After 15 days,
they found that methyl chavicol-LDPE-based film exhibited a
higher efficacy of inhibition than that of linalool-LDPE-based
film. Ferndndez-Pan et al. (2014) found that whey protein-based
film containing EOs of oregano or clove can protect chicken
breast fillets against food spoilage microorganisms, such as
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aerobic mesophilic and psychrotrophic bacteria, Pseudomonas
spp. and lactic acid bacteria. Ait-Ouazzou et al. (2011) used
polyvinyl alcohol nanofibrous films containing EOs of cinnamon
for masking its intense flavor while providing antibacterial activity
against Gram-positive and Gram-negative bacteria.

5 Benefits of vegetal bioactive compounds in health
and disease

Traditional plant foods constitute the main source of
functional ingredients with beneficial effects to the nutrition
and human health (Charalampopoulos et al., 2002; Hasler, 2002;
Hamed et al., 2015).

The World Health Organization states that 80% of the total
world population use traditional food and practices having trust
to their beneficial impact for health (Bodeker et al., 2005). Due to
their natural provenance, consumers believe that the plant-
based products are safe. In this vein, food companies focused
their interest on the rapid deployment of plant-based fortified
products with high nutritional value and functional bioactive
ingredients to reduce the occurrence of chronic diseases which
are the functional foods (Prakash et al., 2017).

Another issue is that enormous quantities of foods are
spoiled each year due to either microbial spoilage or chemical
deterioration (Prakash et al., 2017). Likewise, functional foods
are perishable to both chemical and microbial decaying. Thus,
researchers center their interest on the development of natural
products in foods to preserve the food quality and extend its
shelf-life as previously discussed.

Research showed that aromatic and herbal plants are bestowed
with functional ingredients that may have an immunoregulatory
potential (Wadood et al., 2013; Sharma et al., 2017) and protect
human body against pathogenic invaders. They could be used
as an adjunctive treatment boosting the immune system,
enhancing the mucosal barrier function, and inhibit bacterial
adherence and invasion capacity in the intestinal epithelium
by being in direct antagonism with pathogens (Bezirtzoglou &
Stavropoulou, 2011).

Nutraceuticals are medicinal foods from herbal or botanical
raw materials that boost health, regulate immunity, and thereby
prevent or treat different types of acute or chronic diseases.
In this line, important antimicrobial activities of EOs produced
from aromatic plants were revealed with potential interest for
prophylaxis or therapy (Fournomiti et al., 2015). The effect of
EOs produced from aromatic plants was shown on the seizure
latency and severity of pentylenetetrazol- (PTZ-) induced
seizures in mice. Yet, mice administered Mentha piperita had
shown no seizures and survival (Koutroumanidou et al., 2013).
Research showed that the main potent component of Mentha is
an essential oil, although high polymorphism and variation in
components is observed among the different EOs from Mentha
(Chauhan et al., 2009).

Modulation of inflammation status was succeeded utilizing
medicinal plants as an alternate or adjuvant therapy. Due to their
potential impact as scavengers of free radicals, there is evidence
that EOs slip successfully into the prevention of brain dysfunction,
cancer, heart disease, and immune system disturbances that may
result from cellular damage (Aruoma, 1998). It is also of note
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that bacterial phagocytosis occurring during inflammation is
highly increasing the oxygen consumption (superoxide anion
radical (O2-) swiftly converted to hydrogen peroxide (H202)
(Aruoma, 1998; Miguel, 2010).

Traditionally multiple medicinal plants and herbs have
been used for relieving symptoms of gastrointestinal diseases
from dyspepsia to irritable bowel syndrome (IBS) and chronic
inflammatory bowel diseases (IBD). (Schilcher et al., 2016;
Kelber et al., 2017).

Gut microbiota plays a key role in the development of
gastrointestinal diseases. Bacterial overgrowth, gut dysbiosis
and imbalance of the gut microbiota is observed in the small
intestine in IBS patients (Barbara et al., 2016) and patients with
Chronic inflammatory bowel diseases (IBD) such as Crohn’s
disease and ulcerative colitis (Biirger et al., 2015).

Medicinal plants and herbs are shown to possess beneficial
effects such as hypoglycemic properties and optimization of markers
related to the disease (Al-Snafi et al., 2019). In this vein, research
was launched all over the world to understand the therapeutic
impact and the potential antidiabetic activities of medicinal
aromatic plants (Clark et al., 1998; Ganesan et al., 2012; Enwa et al.,
2013; Enwa, 2014; Dong et al., 2012; Hajimonfarednejad et al.,
2018; Bezirtzoglou et al., 2021) by isolation of drastic compounds,
biological testing of plants extracts, pharmacodynamics, toxicity
test and finally clinical studies.

Inflammation, insulin resistance, and metabolic disorders
coexist in obesity (World Health Organization, 2020). Medicinal
plants alone or in association showed the same beneficial effects
for the treatment of obesity.

6 Concluding remarks

Consumer awareness about natural food products has
increased drastically and this has fueled the investigation
for natural food additives in recent years. Therefore, the use
of aromatic plant derivatives in food production can fill this
gap with many benefits from an integrated food application
point in sustainable human health. Food producers are also
interested in using low-processed and/or functional foods by
opting for “clear labels” according to consumer requirements.
This is a challenge and a great opportunity for the food industry
to incorporate aromatic plant derivatives in their product
formulations to replace or supplement synthetic additives while
maintaining product quality. Therefore, the food industry uses
the extracts and EOs of aromatic plants either as flavoring
agents, natural antioxidants, or preservatives to improve the
quality, to maintain the long-term stability, and to extend the
shelf-life of food products by preventing oxidation and activities
of saprophytic microorganisms, and to increase food safety by
controlling the foodborne pathogens. As the EOs of aromatic
plants are composed of phenolic compounds, with antimicrobial
and antioxidant activity that minimize or eliminate microbial
growth and/or reduce the effect of lipid oxidation, they are also
used in AP systems, which is a flourishing field due to the care
towards natural-based additives. However, market studies need
to be done before the commercialization of EOs incorporated
new AP materials to know the acceptance of consumers to
these new products. In addition, it should not be forgotten
that the effectiveness of the application of these compounds in
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food production varies depending on the form of application,
their concentration, the way they are applied, and finally the
storage temperature and conditions. Since the QS mechanism
regulates the formation of bacterial biofilms, destroying and/
or disrupting can help prevent the formation of biofilms and
subsequently solve many health issues. In addition, since biofilm
formation can lead to losses due to equipment corrosion, duct
blockage, reduced heat transfer, food spoilage, and loss of time
and money for the food industry, aromatic plant derivates are
good alternatives to other strategies in control biofilm formation
or removal when these formations need to be removed. Their
use in the food industry will help to eradicate undesirable and
pathogenic microorganisms from food processing environments
and, subsequently, from food products.

Consumer demands for minimal processing foods and
foods containing naturally derived preservatives, with potential
health benefits, likely support the sharp increase in the food
applications of aromatic plant derivatives in the future. The direct
use of aromatic plant derivatives is not rational nowadays due
to the lack of a full understanding of their mechanism of action
and eventual interactions with food and other components.
However, future research into the use of aromatic plant derivatives
in combination with other technologies in a multi-barrier
conservation approach will enhance the efficiency of their use
as natural antimicrobials, especially in the production of novel
food products with improved shelf-life and enhanced nutritional
properties. In this respect, it is possible to contribute to the UN
2030 Agenda and Sustainable Development Goals (SDGs) by
using natural plant resources, especially in the production of
new foods with human health-promoting properties, and thus
in improving nutrition. In this way, the healthy and safe food
needs of present and future generations can be supported and
hence good health and well-being can be provided. Besides,
aromatic plants contain much more valuable ingredients that have
not yet been tested in food applications for their antimicrobial
properties, as they need regulatory approval before they can
be used as a food preservative. Furthermore, aromatic plant
derivatives that show target sites other than those used with
antibiotics may be shown to have inhibitory effects against drug-
resistant foodborne pathogens in future studies. Finally, more
studies need to be developed on the synergy and competition
of EO components to strengthen our knowledge in this area by
achieving collaborative research with structured methodology,
concepts, and ethics for aromatic research.
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