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Abstract

The demand for shelf-stable and nutritious food products is increasing day by day and consumers are
ready to pay a higher price for such food products. Some artificial preservatives and antioxidant agents,
such as butyrate hydroxanisole (BHA), tertiary butyl hydroquinone (TBHQ), and butyrate
hydroxytoluene (BHT), have been widely used for food preservation, but these are harmful for human
health and can cause DNA mutation and carcinogenesis. Now-a-days, the latest researches focus on
compounds of natural origin as preservatives of novels that can help in the extension of food shelf life
without harmful effects on human health. Spices and aromatic herbs with medicinal value have been
traditionally applied in phytotherapy due to the presence of a variety of activities of their secondary
biomolecules, particularly carminative, antiviral, antimicrobial, spasmolytic, hepatoprotective,
anticarcinogenic, etc. Essential oils and extracts from these herbs have bio-preservation actions and a lot
of research has been done for the use of these essential oils and extracts in the food sector. Essential oils
are aromatic metabolites derived from plants, such as grasses, buds, flowers, leaves, roots, stems, bark,
resins, and its secretions, which have excellent antioxidant and antimicrobial properties. Therefore,
essential oils from these traditional herbs and spices have excellent potential in the food industries, but
have some limitations in its direct incorporation. Due to their hydrophobic nature, they are unstable in
aqueous medium, which poses more challenges for incorporating it into food due to the interaction of
essential oil with protein and fat that may reduce its antioxidant and antimicrobial potential. In addition,
strong taste with a high concentration for effective microbial inhibition would exceed organoleptic levels
of acceptance. Therefore, one of the ways to overcome these deficiencies is to encapsulate essential oils
before incorporating them into food matrices. Encapsulation provides isolation, penetration, protection,
or controlled release of reactive substances from the surrounding matter. Nanoemulsion delivery systems
are known to use a low concentration of essential oils to increase their functionality in food.
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Introduction

Safety and quality of food is one of the major concerns worldwide. For this reason, researchers
are constantly searching for solutions to prevent food contamination by food borne pathogens
(1. Maximum refrigerated food worldwide becomes spoiled during storage, causing adverse
biochemical changes (oxidation rancidity) and deterioration due to multiplication of
pathogenic or spoilage microorganisms 2. The excessive use of artificial additives and
preservatives to control spoilage activity in food is causing serious health concerns among
consumers B and due to this; many synthetic preservatives have been banned in developed
countries. Nowadays, consumers have become more aware about health and food stuff.
Demand for organic and natural additives is increasing, which can increase nutritional value
and protect food from spoilage organisms. Among them, essential oils are emerging as
potential candidates.

Nanoemulsion is a thermodynamically unstable colloidal dispersion consisting of two
immersed liquids, one of which is dispersed below about 100 nm in the form of small spherical
droplets, which have two major critical properties i.e. increased biological activity and stability
1. Due to the small droplet size, it can enhance the antimicrobial and antioxidant action of
natural preservatives. Several nanotechnologies have been employed to create nanoemulsion,
including various low-energy and high-energy methods. Ultrasonic emulsification is a high-
energy method that is increasingly used and is found to be able to efficiently prepare
nanoemulsions with small droplet diameters and narrow size distributions [5 61,
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In addition, nanoemulsions with non-ionic surfactants are safe
to use, biocompatible and have high grade stability. It turns
out that the application of this technique is very limited in
food science and is a new field for developing tasty, shelf-
stable and functional food products.

Essential oils

Essential oil is an aromatic concentrated hydrophobic liquid
containing volatile chemical compounds. The aromatic liquids
are achieved from oil stored in secretary cells of plant oil
glands, cavities, canals, glandular trichomes, or epidermis
cells and can be retrieved from various plant components like
flowers, leaves, berries, stems, grass, flowers, roots, barks,
fruits, peels, buds, resins and woods [, Generally, essential
oils are extracted by steam distillation, solvent extraction,
resin tapping, cold pressing of a plant and its components [,
In majority, they are rich in aromatic and volatiles properties
and are frequently used in perfumes, cosmetics, flavoring
drinks, food products and pharmaceutical industries because
of their good antioxidant and antibacterial activities [* 1%, The
activity of essential oil differs due to their active compounds,
type, compositions, concentration of oil, structure of the
substrate, storage conditions, and treatment processes [ 12,
These oils are chemically complex mixture contains around
300 different components [¥, Chemically these volatile
compounds are alcohols, amides, phenols, heterocyclic, ethers
or oxides, aldehydes, ketones, esters, and mainly the terpenes.
Due to presence of such active constituents, these essential
oils have several biological properties [ including
antimicrobial 1%, antimycotic [¢1 and antioxidant (7,

Essential oils action mechanism

Essential oils are reported to have biological activities such as
broad-spectrum inhibitory action against gram-positive and
gram-negative bacteria. Various essential oils derived from
various sources including oregano, rosemary, thyme, sage,
basil etc. are used alone or in combination with other essential
oils or other preservation methods, which are used to improve
sensory characteristics and shelf life of food products [8l.
Primarily these essential oils contain volatile components
such as monoterpenes and sesquiterpene hydrocarbons and
their oxygenated derivatives. Non-volatile parts that mainly
contain hydrocarbons, fatty acids, sterols, carotenoids, waxes
and flavonoids also perform protective functions [,
Flavonoids, terpenoids and phenolic components of essential
oil are found to exhibit significant antioxidant effects 2%, The
antimicrobial potential of these oils is attributed to the
lipophilic nature of the hydrocarbon skeletons and the
hydrophilic nature of the functional groups. This induces
changes in cell membrane permeability, interfering with
enzymes involved in energy production and disrupting the
protein driving force that ultimately leads to cell death 24,

No single mechanism can be tagged as a cause of
antimicrobial action because the sites of action of these
essential oils are variable, however, some result in
degradation of the cell wall, damage to the cytoplasmic
membrane, damage to membrane proteins and coagulation of
the cytoplasm 22, The antimicrobial activity of terpenes is
attributed to their ability to inhibit respiratory and other
energy dependent processes [?%, whereas the action of
terpenoids is partly due to a disturbance of the fatty acid
composition of bacterial cell membranes resulting in
alterations of membrane permeability and leakage of
intracellular materials (4],
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Antimicrobial and Antioxidant action of essential oils

In recent times, essential oils have gained popularity as
powerful antimicrobial and antioxidant agents in food
systems. A lot of work and research has been done to assess
the antimicrobial and antioxidant activities of essential oils.
Twenty-four essential oils producing families were examined
251 and it was found that oils containing eugenol, thymol and
carvacrol had marked antioxidant activity. Three organum
essential oils demonstrated high levels of antimicrobial
activity against eight strains of gram-positive and gram-
negative bacteria ., Among the major components of the
three oils, carvacrol and thymol exhibited the highest levels of
antimicrobial activity.

Baratta et al. " investigated the chemical composition,
antimicrobial and antioxidant activity of laurel, Sage,
Rosemary, parsley and coriander essential oils. They reported
that all oils showed a high level of inhibition against all 25
microorganisms tested, leading to the essential oil of oregano
with the highest and broadest antimicrobial and antioxidant
activity. In vitro antimicrobial and antioxidant activities of
essential oil of Salvia tomentosa (Miller) evaluated 28 and
reported strong antimicrobial activity attributed to its main
components i.e. pin-pinene (39.7%), a-pinene (10.9%) and
camphor (9.7%). Essential oil of black cumin oil showed
complete zone of inhibition against Penicillium citrinum and
complete growth inhibition against Bacillus cereus, Bacillus
subtilis and Staphylococcus aureus, Pseudomonas aeruginosa
29, This essential oil had good antioxidant activity as
compared with butylated hydroxyanisole (BHA) and
butylated hydroxytoluene (BHT). The essential oils were
having good antimicrobial activity and they can act as bio
preservatives in food matrices %, Essential oils from
Lemongrass (Cymbogon citratus), Cinnamon (Cinnamomum
verum) and Clove (Syzygium aromaticum) were investigated
in-vitro for antimicrobial and antioxidant potential B! and
found that all these essential oils possess potent antimicrobial
and antioxidant activity and can be used as a natural
alternative for preservative in food industry.

Kaur and Kaushal B investigated the antibacterial action of
Harsingar (Nyctanthes arbortristis) essential oil. The essential
oils, eugenol and its derivatives showed maximum
antibacterial potential with diameter of inhibition zone of 23.8
and 26.3 mm at 1000 pg/ml against K. pneumoniae and P.
aeruginosa, respectively. They concluded that Harsingar
essential oil may be used as a promising antimicrobial agent
in biological systems. Several studies have already proven the
role of essential oil in inhibiting microbial growth, reducing
lipid oxidation, and therefore increasing the shelf-life of
foods. But, there is still a lack of technical support in line with
the hydrophilic, volatile, reactive nature of the active
components of essential oils in direct incorporation into
foods.

Need of encapsulation of essential oils

Due to the hydrophobic nature of essential oils, apart from
easy degradation in the presence of light, air, and high
temperatures, their use as food preservatives is not
economical and viable ¥, To maintain their biological
activity as well as to minimize their adverse effects on the
organoleptic properties of foods, these essential oils need to
be encapsulated in the delivery system, which are compatible
with food applications 4. Emulsion-based delivery systems
can be prepared with food-grade materials and can be easily
dispersed in areas of food, such as water-rich phases or liquid-
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solid interfaces where microorganisms grow and propagate.
Due to this, encapsulation of essential oils with the help of
food grade emulsifiers at the nanoscale represents a viable
and novel technique to improve the physical and chemical
stability of bioactive compounds [ 361 |n addition,
nanoencapsulation efficiently improves its diffusion capacity
in aqueous solutions, prevents interaction with foods and
improves its bioavailability and absorption 7, therefore, to
fight bacterial resistance phenomena can be useful.
Encapsulated delivery systems of essential oils can serve as
promising strategies to achieve high antimicrobial efficiency
against spoilage caused by microorganisms and food borne
pathogens [8.  Among the nanoencapsulation systems
currently used for the delivery of bioactive components,
nanoemulsion have been described as suitable for use in food
products due to their ease and desirable functional
characteristic 3% 491,

Essential oils delivery by nanoemulsion

Nanoemulsions are emulsions that have a small size range of
20 nm to 200 nm, consisting basically of the lipid phase,
dispersed in an aqueous continuous phase, and each oil
droplet is surrounded by a thin interfacial layer consisting of
emulsifier molecules [ 42, They are seen as promising
delivery vehicle systems for essential oils, which have some
unique advantages. Small particle size has two benefits.
Primarily, it increases the possibility of enhancing
physicochemical properties and stability and secondly
enhances the ability to increase the biological activity of
lipophilic compounds by increasing the surface area per unit
(391, Nanoemulsion-based delivery systems allow improving
the bioavailability of encapsulated compounds and the use of
low doses of active ingredients. Several studies have shown
high antibacterial activity of nanoemulsions containing
essential oils [34 43,441,

Acevedo et al. 1 developed nano-sized dispersions of
essential oils to improve water dispersion and protect them
from erosion. Nanoemulsions containing essential oils and
polysaccharides were used to make edible films with
functional properties. The average droplet size of
nanoemulsions was reduced after micro-fluidization treatment
exhibiting multimodal size distribution. They concluded that
by using essential oil nanoemulsions as active ingredients for
the manufacture of edible films, an improvement in physical
and functional properties with antibacterial action is observed.
With the increase in concentrations of nanoemulsions, the
moisture in the chitosan film decreased as well as the
antimicrobial activity of the Nanoemulsion-Chitosan film
against Staphylococcus aureus was found to be higher than
the chitosan film [46.47],

Antibacterial activity of Thymus daenensi essential oil in both
pure and nanoemulsion forms against Escherichia coli, an
important food-borne pathogen bacterium, was investigated
481, The antibacterial activity of the essential oil against E.
coli was enhanced considerably when it was converted into a
nanoemulsion, which was attributed to easier access of the
essential oils to the bacterial cells. The characteristics and
antimicrobial properties of citral essential oil nanoemulsion
using an ultrasonic processor were documented [,
Significant antimicrobial activity was demonstrated by the
formulated citral oil nanoemulsion. Considering the
relationship between formulation and activity, they suggested
that nanoemulsion-based delivery systems may be a rational
design for antimicrobial-based essential oils in the food,

http://www.thepharmajournal.com

cosmetics and agrochemical industries.

Soheila et al. ™ worked on a nanoemulsion-based edible
sodium caseinate coating containing ginger essential oil
applied to chicken breast fillet to extend its shelf life. They
reported that nanoemulsion-based food coatings with 6% of
GEO nanoemulsion caused a significant reduction of the total
aerobic psychophilic bacteria of the refrigerated chicken fillet
over the course of 12 days. Punya et al. 1 designed a study
to investigate in-vitro antimicrobial and antioxidant efficacy
for its potential encapsulation in nano-delivery systems and
further application in meat food products. In general, there
was a stronger inhibitory effect with zone sizes ranging from
27.5 mm to 45 mm compared to the test organisms; however,
the effect was higher against gram positive bacteria than gram
negative bacteria. It was concluded that thyme essential oil
has significant antimicrobial and antioxidant activity and can
be encapsulated in nano-delivery systems for potential
application in any food matrices.

The feasibility of nanoemulsification to improve the
efficiency of chitosan-Ferro Sago angulata essential oil
coating (CH + EO) when storing the of Rainbow trout fillets
for 16 days at 4 °C was explored by Sajad et al. B2, The
prepared nanoemulsion (3% EOQO) treatment demonstrated a
significantly better inhibitory effect on the growth of bacteria
of refrigerated stored Rainbow trout fillets. In addition,
nanoemulsification reinforced the efficacy of CH + EO in
inhibiting the increase of TVB-N and lipid peroxidation in
fish fillets. The texture, color, and overall acceptability of the
CH + EO nanoemulsion treated samples were better. The
results suggested that nanoemulsification active coating is a
potential approach to increase its efficacy.

Conclusion

Essential oils from traditional herbs and spices have excellent
potential in the food industries, but have some limitations in
its direct incorporation. Due to their hydrophobic nature, they
are unstable in aqueous medium, which poses more
challenges for incorporating it into food due to the interaction
of essential oil with protein and fat that may reduce its
antioxidant and antimicrobial potential. In addition, strong
taste with a high concentration for effective microbial
inhibition would exceed organoleptic levels of acceptance.
Therefore, one of the ways to overcome these deficiencies is
to encapsulate essential oils before incorporating them into
food matrices. Encapsulation provides isolation, penetration,
protection, or controlled release of reactive substances from
the surrounding matter. Nanoemulsion delivery systems are
known to use a low concentration of essential oils to increase
their functionality in food.
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