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Abstract. The potential applications of essential oils are limited by their natures
as they are oxidized easily by light, heat, and other environmental factors. Essen-
tial oil impediments and their short shelf life promote the development and appli-
cation of essential oil nanoencapsulation. Nanoencapsulation techniques em-
ployed in formulation of essential oil nano capsules are diverse. Therefore, this
paper presents the review of nanoencapsulation technology applied on essential
oil as well as the analysis of the bibliometric on term of essential oil nanoencap-
sulation technology. The review was conducted by investigate and study the lit-
eratures available on nanotechnology applied on essential oil. The bibliometric
analysis was conducted by using Vos-Viewer program in order to analyze the
journals and articles published in Scopus database. The search was performed on
keywords of essential oil, nanoencapsulation, and nanoencapsulation specific
techniques. Based on the direction of the size of the nanomaterial formulation,
nanoencapsulation is classified into top-down and bottom-up technique.
Nanoemulsion and liposomal entrapment are two top-down methods that gain
wide interest from researchers, while ionic gelation is the bottom-up methods
widely applied in essential oil nanoencapsulation. The bibliometric analysis of
the publication on essential oil nanoencapsulation based on nanoemulsion and
ionic gelation methods show that the trend of the essential oil nanoencapsulation
performed via top down and bottom-up techniques are mostly intended to inves-
tigate the pharmacological activities of the bioactive compounds of the essential
oil as well as investigated for their application as drugs release system.
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1 Introduction

Essential oils (EOs) is an aromatic products contain a complex mixture of volatile,
semi-volatile and non-volatile organic molecules obtained from different parts of bo-
tanically sources by various separation techniques [1-3]. The volatile compounds of
EOs are mainly lipophilic terpenoids, benzenoids, and phenylpropanoids [4]. Nicotine,
neophytadiene and hexadecenoic acid are example of semi-volatile compounds exist in
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EOs [5]. Non-volatile compounds reported exist in EOs are including glucose mono-
terpene esters, flavonoid glycosides, trypanocide lignans, anthocyanidin glycosides,
and flavanones [6-8]. EOs is isolated from different plant parts including flowers,
woods, bud peels, leaves, fruits, twigs, seeds, stem as well as roots and whole plants by
applied one of the following techniques i.e: distillation, extraction or pressing.

EOs is bio-synthesized by secretory structures in plastids and cytoplasm of plant
cells via methyl-D-erythritol-4-phosphate (MEP), mevalonic acid, shikimic acid, and
malonic acid pathways. The methylerythritol pathway leads to the synthesis of mono
and diterpenes. Meanwhile sesquiterpenes and phenylpropenes are synthesized via
mevalonate and shikimic pathway, respectively [4,9—11]. It was also reported that very
diverse of plant cells morphology such as glandular trichomes, osmophoric, conical
papillate cells, ducts, and cavities secrete EOs via two types of secretion mechanism i.e
granulocrine and eccrine mechanisms [3]. The secretions of EOs in plants act as acting
as chemical deterrents, defense mechanism against predators like insects, herbivores
and fungi; internal messenger system; as well as attracting agents for pollinating species
[12,13].

In spite of their internal functions, study of EOs chemical compositions and their
potential activities revealed that EOs possessed several biological and ethno-medicinal
activities including anti-spasmodic, anti-proliferative, sedative, anti-septic, anti-oxi-
dant, anti-cancer, anti-inflammatory, stimulant, anti-helminthic, anti-hypertension,
anti-bacterial, and analgesic [14,15]. However, the natures of EOs such as their high
volatility, poor chemical stability, low aqueous solubility, poor bioavailability, hydro-
phobicity limit the potential application of EOs [1,16,17]. Nevertheless, these impedi-
ments can be overcome by the application of EOs nanoencapsulation.

2 Result

2.1  Nanoencapsulation Techniques

Nanoencapsulation is defined as the art of science process of producing capsules having
size of less than 1 pm, specifically ranging from 1 to 100 nm, although some nano-
materials may have sizes up to 1000 nm [18]. Nanoencapsulation is classified into three
different techniques comprising of chemical, physical, and physicochemical method.
Molecular inclusion, sol gels, precipitation, interfacial polymerization, interfacial pol-
ycondensation, and interfacial cross-linking in situ polymerization are types of chemi-
cal method applied in the synthesis of nanocapsules. Spray drying, cooling, crystalliza-
tion, fluid bed coating, extrusion, centrifugal extrusion, supercritical fluids are example
of physical method applied in nanocapsules production. Meanwhile physicochemical
technique can be applied through one of the following methods i.e. gelation, nanoemul-
sification, ionic gelation, phase inversion, hot melt coating, layer by layer deposition,
solvent evaporation extraction, controlled precipitation or coacervation [19,20].
Moreover, based on the main mechanism or ingredient used to formulate the
nanocapsule, nanoencapsulation is classified into five groups including: (i) lipid-based
techniques, (ii) nature-inspired techniques, (iii) specialized equipment techniques, (iv)
biopolymer-based techniques, and (v) other miscellaneous techniques. Nanoemulsion,
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nanostructured phospholipid carriers, nanoliposomes, solid lipid nanoparticles, and
nanolipid structured carriers are examples of lipid based techniques of nanoencapsula-
tion [21,22]. Zein, soy protein, casein, alginate, albumin, protein, chitosan, phytogly-
cogen, cyclodextrin and amylose are natural materials used in nature-inspired tech-
niques of nanoencapsulation [22,23]. Specialized equipments applied in nanoencapsu-
lation process comprising nanofluidics, spray drying, spray chilling, electro spinning,
electro spraying, and extrusion. Moreover, single and complex biopolymer nanocarri-
ers, nanogels and nanotubes are groups of biopolymer-based techniques of nanoencap-
sulation. Meanwhile, other miscellaneous techniques are comprise of nanocrystals,
nanofiber, inorganic nanocarriers, chemical polymer nanoparticles and nano structured
surfactants [18,22,24].

In spite of nanoencapsulation classification as describe above, based on the direction
of the material size formation, nanoencapsulation can be performed via one of the fol-
lowing methods i.e top down and bottom up technique [25]. Later, the focus of this
paper is on appraising the top down and bottom up techniques of essential oil nanoen-
capsulation.

Top-Down Techniques. Top-down technique, in which include liposome entrapment,
emulsification, emulsification-solvent evaporation, melt extrusion, melt injection, ex-
trusion coating, electro spraying, spray chilling, electrospinning, spinning disk and cen-
trifugal co-extrusion, deals with the formation of nano-size range material from the
larger size materials. Types of mechanical ways applied in the size reduction and struc-
tural shaping in to top down technique are including milling, shredding, and grinding,
in which may apply by the following forces i.e shear, impact, and compression for its
particle disruption [18,26]. Various top-down approach has been applied in nanoencap-
sulation of a number of essential oil (Table 1).

Varied essential oils are encapsulated via different methods result in capsule size
range from 25 nm, in which obtained via liposomal entrapment of Bunium persicum
and Trachyspermum ammi essential oil using phosphatidylcholine and cholesterol, to
3 mm of nanocapsule of carvone essential oil obtained via melt extrusion method using
ethylene—vinyl acetate (EVA) and linear low-density polyethylene as the polymeric
materials. It can be seen that extrusion gives relatively larger size of nanocapsule com-
pare to other top down nanoencapsulation technique. Extrusion process is performed
by mixing of essential oil emulsion with polymer solution in which then extruded into
a crosslinking agent or a gelling solution. The extrusion can be performed using a sy-
ringe or an atomization process based on simple dripping, multiple-nozzle extrusion,
coaxial airflow, electrostatic extrusion, spinning disk atomization, concentric nozzle,
or jet-cutter technologies. Although extrusion technique results in relatively bigger size
of nanocapsule, it does not require harsh processing conditions like high shear, pres-
sure, or temperature as well as harsh solvent, in the process of making nanocapsule.
Therefore this technique could preserve the active material as well as the shell materials
from deterioration [27,28].

Electrospinning and electrospraying employ a uniform electrohydrodynamic force
in disrupting the droplet of polymer solution and in turning it into nanosized polymer
fiber and nanosized particle, respectively. Both of electro based nanoencapsualtion
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methods attract researcher’s interest as those methods are versatile; relatively ease of
use, simple, scalable, facile and cost effective. Nanoscale fibers produced from electro-
hydrodynamic based technique can be in various forms, including core-shell, porous,
and hollow nanofibers. Nanofibers possessed several structural and functional merits,
such as having high surface to volume ratio, porous structure, and tunable fiber diame-
ters which providing unique properties to the system and give high encapsulation effi-
ciency [29,30]. The absence of high temperature during the electro-based nanoencap-
sulation processes also gives benefits in protecting the encapsulated-heat sensitive com-
pounds. Essential oil of thyme, cinnamon oil, rose hip seed, Zataria multiflora Boiss,
lavender, clove, betel, and oregano are some example of EO in which encapsulated in
nanofibers, characterized and being investigated for various applications [31].

Table 1. Top-down techniques applied in nanoencapsulation of essential oil

Technique Essential oil Encapsulant Application/  Capsule Ref
Sources materials activity size
Emulsification Myrtus com- Tween 80%, Span Larvicidal ac- 177 nm [32]
munis 20 tivity
Mentha spcata  Tween 80 Nematicide 48.10 nm [33]
L, Ocimum activity and 973
basilicum L nm
Clove Tween 80, chi- Fungal inhib- 16.47+ [34]
tosan itor 1.20 -
137.0+0.52
Electrospin- Cinnamon oil  polyvinyl alcohol Anti-micro- 240+40 nm  [35]
ning and b-cyclodextrin  bial activity
Rose hip seed Zein prolamine Food packag- 700 nm [36]
oil ing
Zataria multi- Gelatine and chi- Anti-micro- 205-251 [37]
flora Boiss. tosan bial activity nm
Electrospray-  Origanum Chitosan Anti-fungal 290-483 [38]
ing vulgare nm
Extrusion Rosmarinus Alginate and so- Anti-micro- 0.95 mm [28]
coating officinalis L. dium chloride bial
Kaffir lime low-density poly- Insecticide - [39]
oil, lemon ethylene activity
grass oil, and
citronella
grass oil
Liposome en-  Chrysanthe- Single layer: Antibacterial  132.4 nm [40]
trapment mum flos - thin layer hy- acitivity

dration method
- lecithin and

cholesterol
Second and
third layer:
- Method: elec-

trostatic depo-
sition  Layer-
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Technique Essential oil Encapsulant Application/  Capsule Ref
Sources materials activity size
by-layer Chi-
tosan and pec-

tin
Cymbopogon  Single layer: Antibiotic ac- 63.6£1.76- [41]
citratus lecithin and cho- tivity 196.8+3.54
lesterol nm
Bunium persi-  Single layer: Anti- 25-40 nm [42]
cum and Tra- - thin-film method Trichomonas
chyspermum phosphatidylcho- activity
ammi line and choles-
terol
Melt Extru- Spearmint es- Polymer: eth-  Antifungal 2.0 £0.1 - [43]
sion sential oil and ylene—vinyl ace- activity 3.0 =+03
carvone tate (EVA) and mm
linear low-density
polyethylene

Emulsification and liposome entrapment are the two nanoencapsulation techniques
that also gain wide interest. This might be due to the advantages offer by those two
methods. Nanoemulsion in which formulated using one of the following method i.e
mechanical or physicochemical approach is part of a broad class of multiphase colloidal
dispersions and having relatively small droplet diameters (20 to 200 nm) than the one
of emulsion. The small size of nanoemulsion leads to the increasing of their resistance
to aggregation and gravitational separation. In compare to micro sized emulsion,
nanoemulsion exhibit better efficacy in term of appearance, gravitational stability, ki-
netic stability, bioavailability, viscocity, texture, and activity [30,44]. Avoiding emul-
sion coalescence as well as increasing its stability can be performed by the addition of
anionic, nonionic, cationic, amphoteric or zwitterionic surfactants which encircle the
dispersed droplets and reduce interfacial tension or increase droplet-droplet repulsion
[25]. Sodium dodecyl sulfate, Span 20, Span 80, sucrose esters, lauric alginate, sorbitan
fatty acid esters, polyglycerols, polysorbates and polyoxyethylene ether are used as sur-
factant in nanoemulsion of essential oil. However, Tween 80 and Tween 20 (polysorb-
ates) are the two most used surfactants for the nanoencapsulation of essential oil.
Nanoemulsion formulated with Tween 80 and 20 is stable without the need of a co-
surfactant addition [45]. Furthermore, liposomes, a spherical bilayer vesicles in which
made up by dispersion of one or more concentric phospholipidic bilayers in an internal
aqueous phase, are widely used to encapsulate various components because of their
merits characteristic such as being nontoxic, bioavailable, biodegradable, biocompati-
ble, permeable, having nonimmunogenic properties, and being able to be used as carri-
ers for both hydrophilic, amphiphilic and lipophilic molecules [41,46].

Bottom-Up Techniques. On the contrary to the top down technique, depends upon
their natural properties, bottom-up deals with the formation of nano-size range material
from the automatic/self-organization and self-assembly of atom by atom, molecule by
molecule or atoms and molecules. Phase inversion temperature, co-crystallization,
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ionic gelation, coacervation, fluid bed coating, thin film hidration sonication, inclusion
complexation, self-assembly supercritical fluid, and nanoprecipitation are example of
techniques which follow bottom-up approach [18,22,25]. Various essential oil have
been encapsulated using different bottom up techiques with varied nanocapsule size
obtained from each techniques (Table 2). Inclusion complexation of Citrus bergamia
by using Methyl-fcyclodextrin as the encapsulant material result in relatively bigger
size of nanocapsule (359.70 + 8.50 nm) [47] while nanocapsule formulated from ionic
gelation of Citrus aurantium by using chitosan, glacial acetic acid, pentasodium triphos-
phate, and tween 80 is having size of 20-60 nm [48]. Moreover, co-crystallization has
been applied in the encapsulation of orange peel oil. However, the lack of versatility of
this method has been stated as the impediment of this technique [49]. Among the bot-
tom-up methods applied in essential oil nanoencapsulation, ionic gelation is the one of
widely used technique. Ionic gelation is conducted based on the creation of a gel in the
presence of multivalent ions such as Ca2+, Ba2+ and Al3+. The interaction that occurs
is a divalent ionic crosslinking between the divalent molecule ions and the envelope
polymer [46]. Ionic gelation of Citrus aurantium, Citrus reticulata L. and Artemisia
dracunculus L have been performed by using Chitosan, glacial acetic acid, pentasodium
triphosphate, and tween 80 as the encapsulan materials. Relatively small size of essen-
tial oil nanocapsules, in range of 20-158.6 nm, is obtained via ionic gelation process
compare to the ones of other techniques (Table 2).

Table 2. Bottom-up techniques applied in nanoencapsulation of essential oil

Tech- Essential Encapsulant materials Application/ Capsule Ref
nique oil Sources activity size
Inclusion  Citrus ber- Methyl-Beyclodextrin - 359.70 [47]
complexa- gamia +8.50
tion
Ionic ge- Citrus au- Chitosan, glacial acetic Antioxidant 20-60 [48]
lation rantium acid, pentasodium tri- nm
phosphate, and tween 80
Citrus Chitosan, acetic acid, pen-  Antibacterial 158.6 [50]
reticulata L. tasodium triphosphate, nm

and tween 80
Artemisia Chitosan, acetic acid, pen-  Antimicrobial ~ 30-60 [51]

dracunculus  tasodium triphosphate, nm

L and tween 80
Nanopre-  Origanum Poly-caprolactone, ace- Antibacterial 235 nn [52]
cipitation  vulgare L tone, glycerin, sorbitan for fabrix

monooleate, center ES-FF
resin, and citric acid.

Phasein-  C. Sinensis Step 1: heating to 15°C - 46.5nm  [53]
version above the phase PIT.
tempera- Step 2: cooling to the PIT
ture Step 3: instant cooling at

5°C
Thin film  Lemonene Soy-based lecithin and di-  Edible coating [54]
hidration acetylene

sonication
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2.2 Bibliometric Analysis

Trends of a certain research field as well as analyzing the scientific activities on that
research area can be evaluating by applying bibliometric in which belong to the scien-
tometrics. In this paper, bibliometrics analysis was applied in order to evaluate the trend
in essential oil nanoencapsulation techniques. Among the reported top down and bot-
tom-up methods of nanoencapsulation, based on number of scopus indexed publication
on nanoencapsulation of essential oil from 2019 until January 2023, it seem that emul-
sification and liposome entrapment and ionic gelation are nanoencapsulation tech-
niques that gain wide interest (Fig. 1). Therefore, the bibliometric analysis of the top
down technique of nanoencapsulation of essential oil was performed by applied with
the keywords of “nanoencapsulation, essential oil, nanoemulsion” while for bottom up
technique, keywords of “nanoencapsulation, essential oil, ionic gelation” was applied.
As much as 92 and 18 publications are obtained from the search with the mentioned
keywords, respectively. Furthermore, the trend and occurrence of keywords in pub-
lished paper with keywords of nanoencapsulation of essential oil by nanoemulsion and
ionic gelation are presented in Fig. 2.

W Nanoemulsion

m Liposome entrapment
Electrospinning

® Electrospraying

¥ Extrusion

a b

W |onic gelation

m Nanoprecipitation

Inclusion complexation

® Phase inversion temperature

Fig. 1. Pie chart of the number of scopus indexed publication on nanoencapsulation of essential
oil from 2019 until January 2023 for (a) top down, and (b) bottom up nanoencapsulation tech-
niques

It was showed that nodes on overlay visualization for nanoemulsion, non-human, es-
sential oil, drug delivery system and antimicrobial activity are relatively bigger than the
other node of keywords (Fig. 2a). It seems that the essential oil nanoemulsion were
formulated and investigated for its antimicrobial activity. Various bioactive compounds
of essential oil such as linalool, methyl cinnamate, carvacrol, Carvone D, thymol, cy-
mene, (E)-Cinnamaldehyde exhibit antimicrobial activity [25]. Moreover, relatively
uniform node size appeared on overlay visualization of keywords occurrence of paper
with keywords of essential oil, nanoencapsulation, and ionic gelation (Fig. 2b). Nodes
of drugs release, antioxidant, and effect of drugs are appearing on overlay visualization
of keywords occurrence of paper with keywords of essential oil, nanoencapsulation,
and ionic gelation. Fig. 2a and Fig. 2b show that the trend of the essential oil nanoen-
capsulation performed via top down and bottom up techniques are mostly intended to
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investigate the pharmacological activities of the bioactive compounds of the essential
oil as well as investigated for drugs release system.

o e

Fig. 2. Overlay visualization of keywords occurrence of paper with keywords of: (a) essential
oil, nanoencapsulation, nanoemulsion and (b) essential oil, nanoencapsulation, ionic gelation

3 Conclusion

Based on the direction of the size of the nanomaterial formulation, nanoencapsulation
is classified into top down and bottom-up technique. Nanoemulsion and liposomal en-
trapment are two top-down methods that gain wide interest from researchers, while
ionic gelation is the bottom up methods widely applied in essential oil nanoencapsula-
tion. The bibliometric analysis of the publication on essential oil nanoencapsulation
based on nanoemulsion and ionic gelation methods show that the trend of the essential
oil nanoencapsulation performed via top down and bottom-up techniques are mostly
intended to investigate the pharmacological activities of the bioactive compounds of
the essential oil as well as investigated for drugs release system.
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