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Abstract

Olive oil has been received a great importance around the globe because it provides unique functional value. Olive oil prevents the
risks of several chronic and acute metabolic disorders because it is enriched with monounsaturated fatty acids, antioxidant phenolic
compounds, vitamin E and vitamin K. Unfortunately, oxidative deterioration of fatty acids in olive oil provides short shelf life and reduces
biological activities. It is responsible for undesirable organoleptic properties. It may belief that one of the solutions to preserve the
quality of olive oil is microencapsulation. In this review, comprehensive information about techniques to prepare olive oil microcapsule
is represented. To prepare olive oil microcapsule, emulsification of olive oil with different wall materials (matrixes) has been adopted
as a primary step. Subsequently, dehydration of emulsion by spray drying or freeze drying or coacervation process has been adopted
to prepare olive oil microcapsule. Moreover, microcapsule of olive oil has been prepared by extrusion technology. Biopolymers, such
as proteins and polysaccharides have been used as wall material for encapsulation of olive oil. As stable emulsification is one of
importantissue to produce microcapsule, several emulsifiers, such as lecithin, tween 20 have been used during emulsion preparation.
Different characteristics of the microcapsule of olive oil are summarized because it is influenced by several factors during preparation
of microcapsule. In later exercise, several applications of encapsulated olive oil in food, pharmaceutical and cosmetic industries are

represented in comprehensive way. It may expect that this review article will receive attention in industries and academic sectors.
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1 Introduction

Olive oil is obtained from the fruit of the olive tree (Olea
europea L). Tt is widely produced in Spain, Italy, Tunisia,
Greece and Turkey. For a long time, in the diet of mentioned
countries, three main grades of olive oil, such as refined, vir-
gin and extra virgin olive oil were received a great impor-
tance [1]. Olive oil is highly appreciated for its fine taste and
aroma as well as for its nutritional properties [2]. Presently,
olive oil is used to prepare ketogenic diet. Due to its unique
biological importance, application of olive oil is not lim-
ited within diet chart and to prepare cuisines. Its application
to develop biopharmaceuticals and cosmetics is notewor-
thy [3]. Olive oil offers antioxidant, anti-inflammatory and
antibacterial activities. It reduces the risk of several chronic
and acute metabolic disorders, including cardiovascular dis-
eases, Alzheimer's disease, cancer, type 2 diabetes, obesity
and rheumatoid arthritis [4]. Therefore, acceptance of olive
oil is not limited within Mediterranean region. In present

era, it crosses the boundary of mentioned countries and
received popularity around the globe [5].

Olive oil is enriched with monounsaturated fatty acids
(w-6 and w-3 fatty acids), phenolic antioxidant com-
pounds, vitamin E and vitamin K. Composition of olive
oil may differ by several reasons, such as zone of cultiva-
tion, latitude, climate, quality of soil, genetic variety and
maturity of olive fruits [6].

Dietary fat plays a major role in human nutrition and
diet. Nutritional benefits of olive oil are primarily related
to the fatty acid composition. Virgin olive oil contains two
main fractions, such as saponifiable fraction (98.5-99.5%)
and unsaponifiable fraction (0.5-1.5%). Saponifiable frac-
tion consists of monoglycerides, diglycerides, triglycerides,
free fatty acids and phospholipids. Unsaponifiable frac-
tion of olive oil is enriched with essential ingredients of
sterols, hydrocarbons, tocopherols, coloring pigments,

Cite this article as: Chaabane, D., Yakdhane, A., Vatai, G., Koris, A., Nath, A. "Microencapsulation of Olive Oil: A Comprehensive Review", Periodica
Polytechnica Chemical Engineering, 66(3), pp. 354-366, 2022. https://doi.org/10.3311/PPch.19587


https://doi.org/10.3311/PPch.19587
https://doi.org/10.3311/PPch.19587
mailto:koris.andras@uni-mate.hu

phenols and triterpenes [7]. In olive oil, triacylglycerols is
the most common monounsaturated fatty acids (oleic acid),
together with balanced ratio of saturated and polyunsatu-
rated fatty acids, mainly linoleic acid. Among the compo-
sition of the total fatty acid, monounsaturated fatty acids,
saturated fatty acids and polyunsaturated fatty acids are
56—87%, 8-25% and 8-22%, respectively. Polyunsaturated
fatty acids are known as essential fatty acids. Those are
linoleic acid (18:2, w-6) in an amount of 3.5-21% and
a-linolenic acid (18:3, w-3) in an amount up to 0.9% [4, 5].
Refined olive oil is prepared from virgin oil by bleaching,
degumming, deodorization, neutralization and winteriza-
tion to change certain characteristics without altering ini-
tial glyceridic composition. Different types of w-6 and w-3
fatty acids, present in olive oil is represented in Fig. 1.

The ratio w-6/w-3 in olive oil is highly satisfied, since
the World Health Organization (WHO) has recommended
this ratio to be within 5:1 to 10:1 [7, 8]. -3 and w-6 fatty
acids play an important role in development of cell mem-
brane, regulate fluidity of cell membrane and activities
of precursor molecules of many physiological elements,
those are involved in controlling inflammatory reactions,
blood pressure, mortal cardiac diseases and cancer [9].

In addition, total content of antioxidants (phenols) in
olive oil is abundant (~500-1000 mg/kg) compared to
other edible vegetable oils [10]. Different types of poly-
phenols present in olive oil are represented in Fig. 2 [11].

Antioxidants are substances that prevent or slow down
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Fig. 1 Different types of w-3 and w-6 fatty acids in olive oil (self-
developed, concept was adopted from Saroli¢ et al. [7])
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Fig. 2 Different types of polyphenols present in olive oil (self-
developed, concept was adopted from Dimitrios [11])

the process of oxidation in the foods, biopharmaceuticals
and cells within the body. The considerable amount of
phenolic compounds, such as hydroxytyrosol and oleuro-
pein are responsible for the unique taste and high stabil-
ity of olive oil during storage and cooking [7]. In olive
oil, concentration of vitamin E (tocopherols) and vitamin
K (phytonadione) are abundant. Tocopherols are meth-
yl-substituted chromanols with a three-isoprene moiety
in the side chain. Other tocopherols, such as a-, f-, y-,
and J-tocopherols differ from one another by the number
and position of methyl groups in the phenolic part of the
chromane (benzodihydropyran) ring. The a-homologue
contains three methyl groups. The £ and y homologues
are dimethylated positional isomers. J-tocopherol is
monomethylated. They play an effective role in the inhibi-
tion of lipid oxidation in foods and biological systems [12].
Chemically, the vitamin K family comprises 2-meth-
yl-1,4-naphthoquinone (3-) derivatives and includes two
natural vitamers, such as vitamin K1 (phylloquinone) and
vitamin K2 (menaquinone). They play a significant role in
blood clotting, bone metabolism, level of calcium in blood
and absorbtion of vitamin D in body [13].

However, olive oil is enriched with antioxidant, often
due to oxidation of fatty acid, sensory and nutritional prop-
erties of olive oil are altered [14]. Oxidation of fatty acids
leads to the formation of hydroperoxides carboxylic acids,
aldehydes, ketones, and short chain alkenes and alkanes.
They are responsible to reduce the shelf life of olive oil and
consequently, unpleasant taste and odor are generated [10].
One of the solutions to preserve the functional values of
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olive oil is its microencapsulation. It prevents the oxidation
and increases the shelf life of olive oil [15].

In this review article, information about different technol-
ogies of the microencapsulation of olive oil and biochemical
characteristics of the microcapsule are discussed. In later
exercise, applications of microencapsulated olive oil in food,
cosmetic and biopharmaceutical industries are represented.

2 Microencapsulation
Microencapsulation is an emerging technology, which is
used to protect bioactive compounds within capsule and
control their release in environment. In this process, a
small droplet of liquid or solid particles are surrounded
by coating within a thin film, known as a wall material or
matrix [16—18]. Different techniques have been adopted
for the microencapsulation of food grade bioactive com-
pounds. They can be classified into three categories.
Those are herein:
1. physical methods: spray drying, lyophilization,
supercritical encapsulation and solvent evaporation
2. physico-chemical methods: coacervation, ionic gela-
tion, and molecular inclusion
3. chemical methods: interfacial polymerization and
molecular inclusion complexation [19].

For the microencapsulation of olive oil, first step is the
preparation of aqueous emulsion of olive oil with matrix.
Subsequently, dehydration of emulsion by spray drying or
freeze drying or complex coacervation. Extrusion can be
also used for microencapsulation of olive oil.

2.1 Emulsification

Emulsion preparation plays a key role in the encapsula-
tion efficiency. Basically, an emulsion consists of at least
two immiscible liquids (hydrophilic and hydrophobic).
Here one of the liquids being dispersed as small spher-
ical droplets into other [16, 18, 20]. Emulsion instabili-
ties could be expressed either by flocculation, a reversible
aggregation of droplets or by coalescence, an irreversible
fusion of droplets [21]. To maintain the stability of emul-
sion, and avoid the coalescence and flocculation of drop-
lets, one or more surface active agents (emulsifiers) are
generally used [22]. The emulsion stability is controlled
by many factors, such as ratio of oil and water, and pres-
ence of emulsifier [23]. Technologies to prepare the emul-
sion, can be classified into two categories, such as con-
ventional and emerging. Conventional methods rely on
stirring equipment, colloid mill, homogenizer and ultra-
sonic or micro-fluidizer. These technologies are high

energy consuming, since they utilize a strong shearing
stress, which may result in coalescence of the dispersed
phase. Emulsion prepared through conventional technol-
ogies may be polydispersed. Unfortunately, it is difficult
to maintain the uniform size of droplet. Emulsion prepara-
tion through emerging technologies does not consume sig-
nificant external thermal or mechanical energy. Therefore,
they may be considered as low energy consuming tech-
nologies. Emulsification of two immiscible liquids can
be prepared by controlling phase inversion temperature,
membrane emulsification and spontaneous way [24].

In many cases, biological or chemical emulsifier is used
to stabilize emulsion as well as increase the efficiency of
emulsion [25, 26].

2.1.1 Emulsifier

Emulsifier is a surface-active agent, also known as "emul-
gent". It has a great influence to prepare aqueous emulsifi-
cation of olive oil with matrix. Emulsifiers are amphiphilic
by nature with hydrophilic and hydrophobic functional
groups in their confirmational structure [27]. The emulsifier
reduces the interfacial surface tension among hydrophobic
and hydrophilic compounds, and makes them miscible [28].
Emulsifiers also offer antimicrobial and antiadhesive prop-
erties [29]. Selection of an appropriate emulsifier to prepare
stable emulsion is one of the important efforts to formulate
emulsion-based product. Furthermore, to find out the suitable
concentration of selected emulsifier to prepare stable emul-
sion is considerable important issue. The hydrophile—lipo-
phile balance and concentration of emulsifier influence the
stability of the emulsion and encapsulation efficiency [25].
As emulsification process is a considerable important issue
to prepare microcapsule, different emulsifiers, such as lec-
ithin, saponins, Tweens, Spans are commonly used in
food, cosmetic and biopharmaceutical industries [30]. For
the preparation of olive oil microcapsule, emulsifier lec-
ithin [15] (Fig. 3(A)) and tween 20 [31] (Fig. 3(B)) have
been used. Often novel or improved functional activities
(enhanced nutritional proprty, flavor and improved texture)
can be obtained using mixture of emulsifiers instead of using
single emulsifier [30]. Mechanism of olive oil-water emul-
sion in presence of emulsifier is represented in Fig. 3(C).
During the emulsification process, the hydrophilic group
of emulsifier binds with water or the wall material and the
hydrophobic group binds with the olive oil [28§].

2.1.2 Wall material (matrix)
For microencapsulation of any bioactive compound, selec-
tion of a suitable coating material, basically a film-forming
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Fig. 3 Emulsifier: Soya lecithin (A); Tween 20 (B); Mechanism of oil-
water emulsion in presence of emulsifier (C); (self-developed, concept
was adopted from Kinyanjui et al. [27] and Dickinson [28])

agent or matrix or wall material is an important task [32].
Wide variety of natural and synthetic biopolymers are used
for microcapsulation of olive oil. It has been reported that
the size and shape of microcapsule depend on characteris-
tics of wall material, method and unit operation [3]. Wall
material could act as a barrier and it may protect the encap-
sulated bioactive compound against oxygen, water, light
and contact with other ingredients. Furthermore, char-
acteristics of the wall material influences the controlled
release of encapsulated bioactive compound to environ-
ment [15]. Criteria to select wall material for microencap-
sulation purpose are soluble in water, a tendency to form
a fine and dense network during drying, high glass tran-
sition temperature of the oil and matrix to avoid sticki-
ness of microcapsule, and resist the leakage of oil during
dehydration or drying [33, 34]. There is no wall material
can meet all the mentioned properties. Often combina-
tion of different wall materials have been used to prepare
microcapsule [32, 35]. Several wall materials, such as gel-
atin [36, 37], arabic gum [36, 38], sodium caseinate [15],
maltodextrin, carboxymethyl cellulose [15, 38], sodium
alginate [37, 39], whey protein isolate [31], soy protein iso-
late, pea protein isolate, defatted milk powder and octenyl-
succinic anhydride-modified starch [40] and purple potato
starch [41] are used for encapsulation of olive oil.
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2.2 Technologies to prepare olive oil microcapsule

To prepare microcapsule of olive oil, several drying
technologies to dehydrate the emulsion have been used.
These are spray drying [16, 19, 42], freeze drying or lyo-
philization [19, 42, 43] and coacervation [17, 19, 37, 44].
Furthermore, extrusion have been used for microencap-
sulation of olive oil [17, 44, 45]. Principles, advantages
and disadvantages of mentioned unit operations are men-
tioned in Table 1.

2.2.1 Spray drying

In several decades, spray-drying has been successfully
used in the food industry to prepare microcapsule. The
first attempt was to encapsulate flavor using gum acacia
as wall material [46]. Consequently, different types of oils
were successfully encapsulated using this technique [33,
47, 48]. Its application to formulate cosmetics [47], phar-
maceuticals [26] and pesticides [49] have also been pub-
lished. Preparation of microcapsule by spray drying pro-
cess involves some steps. The emulsion, prepared by olive
oil and aqueous solution of matrix is transferred to nozzle
of spray dryer. Due to high heat, phase of wall material is
changed, and a layer is created on the surface of droplet of
olive oil [16, 34]. Wall materials, such as polysaccharides
(alginate, carboxymethylcellulose, arabic gum, maltodex-
trin, hydrophobically modified starch) and proteins (whey
protein, soy protein, sodium caseinate, gelatin) are used to
prepare microcapsule by spray drying technique [31, 36,
40]. It has been reported that the size of the microcapsule,
prepared by spray drying process ranges within 10—400
pum [50]. The particle size of microcapsule is influenced by
the type of atomizer, such as centrifugal wheel atomizer
and spray pressure nozzle. If the spray pressure nozzle is
used, the particle size of spray-dried product is increased
with increase of the nozzle orifice diameter and decreased
by the atomization pressure. When the centrifugal wheel
atomizer is used, larger wheel diameter and speed pro-
vide a smaller size of the particle [32, 50]. Furthermore,
different process parameters in emulsion preparation and
drying process influence the particle size of microcapsule.
Microencapsulation efficiency is reduced with larger oil
droplet in emulsion. In the emulsion, viscosity is directly
proportional to the droplet size and inversely proportional
to the emulsion stability [33]. The particle size of micro-
capsule increases with the increase in the emulsion flow
in spray drying process. In spray dryer, high inlet air tem-
perature and low difference between inlet and outlet air
temperatures produce slightly larger particle [32]. In prac-
tice, particle size of microcapsule is controlled to some
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Table 1 Microencapsulation techniques: principles, steps, advantages and disadvantages

Process Principle Steps

Advantages Disadvantages Ref.

Due to high heat, the water

1. Limited number of good
water soluble wall materials

content is evaporated. 1. Preparation of 1. Rapid are available.
Subsequently, due to the dispersion or 2. Continuous operation 2. Difficult to control the size
. high heat, the phase of emulsion. 3. Simple and shape of particle.
Spray drying the matrix is altered and 2. Transfer the 4. Economic 3. Lower oxidative stability of [16, 19, 42]
solidification of the matrix ~ emulsion into the 5. Reproducible microcapsules due to the high
takes place around the nozzle for drying. 6. Easy to scale up temperature during drying.
bioactive compound. 4. Loss of particle in the
drying vessel.
Reducing the surrounding 1. Freezing 1. Low operating 1. Long process time (more
pressure. Providing heat to 2. Sublimation temperature than 20 hours)
Freeze . . . . S . .
. emulsion to sublimate the  (primary drying) 2. Absence of oxidizing 2. High capital cost
drying or . . . . . [19, 42, 43]
Lvophilization frozen water. Solid frozen 3. Desorption atmosphere (air) 3. High operating costs
yop water is transferred to gas  (secondary drying) 3. Prolonged and 4. Difficult to control the
phase. 4. Storage superior quality product  distribution of particle size.
Liquid — liquid phase
separation of a single or a
mixture of two oppositely
charged polymers 1. Formation of three 1. High loading capacity
in aqueous solution immiscible chemical 2. Low temperature
triggered by electrostatic phases. 3. Reduced thermal 1. High cost of the particle
Coacervation interactions, hydrogen 2. Deposition of the degradation isolation [17, 19, 37, 44]
bonding, hydrophobic coating 4. Compatibility for 2. Complex technique
interactions, polarization- 3. Solidification of the control release of
induced attractive coating bioactive
interactions as well as
chemical or enzymatic
cross-linking agent.
Mixing of molten carrier . i
with oil and allow the I Preparathn of . Impermeability to 1. Expensive (double than
emulsion to pass through molten matrix oxygen spray drying)
. . 2. Dispersion of core 2. Very long shelf life . .
a die or nozzle at high . 2. High shear force is
. . into molten polymer  of the encapsulated .
Extrusion pressure. Molten carrier . . generated using screw [17, 44, 45]
. 3. Cooling or passing ~ compound. .
creates a thin film around . . extruders at high pressure
. . of core-coat mixture 3. Good barrier . o
bioactive compound at . . . which affects the stability of
. through dehydrating  properties of the matrix .
ambient temperature and O . core material.
e . liquid. 4. Low surface oil
within cross-linking agent.
extent based on the mentioned parameters. Schematic dia- Aqueous solution
. R of matrix
gram of spray dryer is represented in Fig. 4.
2.2.2 Freeze drying I:l ;
Freeze-drying is also known as lyophilization or cryode- Finnloion &7
siccation. It is popularly used in food and biopharmaceu-
tical industries for the dehydration of heat-sensitive bio- 0il r == ] O“ﬂ‘it gas
. . . . . 1
active compounds, including olive oil and aromas. Freeze v :
drying process controls the moisture content in the final Heater Drying =
. . . chamber s
food product. Chances of thermal deterioration of bioac- y-hanc
tive compound are less in case of lyophilization process. Lilctsi n
Therefore, food products, produced by this technology P &
provide a better organoleptic property [44]. Freeze dryer Air filter Pump Dried product

is quite expensive compared to spray dryer. Emulsion of
oil and water is frozen between —90 °C and —40 °C. In this
process, the reduction of surrounding pressure takes place

Fig. 4 Schematic representation of spray drying process (self-
developed, concept was adopted from Fang and Bhandari [43])



and enough heating to emulsion is applied to allow the fro-
zen water to sublimate from the solid state to vapor state.
Therefore, in this process, transformation of water from a
solid phase to vapor phase directly takes place at a min-
imal operational temperature. Freezing of emulsion with
faster rate may lead to aggregation of the freeze-drying
products [16]. Therefore, it is difficult to control the parti-
cle size of microcapsule during fridge drying. After freeze
drying, dried material is crushed into fine powder [19] and
subsequently, sieving may consider to maintain the parti-
cle size of microcapsule. In this process, the properties of
microcapsules are influenced by the system pressure and
temperature. In addition, the operational time of drying
is important to achieve a stable moisture content in the
dried powder [50]. Wall materials, such as maltodextrin,
carboxymethyl cellulose and sodium caseinate are used
to prepare olive oil microcapsule by freeze drying pro-
cess [15]. Depending on process parameters, size of the
microcapsule, prepared by freeze drying process ranges
within 20-5000 pm [50]. Schematic diagram of freeze
dryer is represented in Fig. 5.

2.2.3 Coacervation

Coacervation is generally defined as a liquid — liquid
phase separation of a single or a mixture of two oppo-
sitely charged polymers in aqueous solution. In this pro-
cess, application of cross-linking agent including glutar-
aldehyde or transglutaminase is noteworthy. Among two
phases, concentration of polymer is abundant in coacer-
vate phase, whereas concentration of polymer is poor in
equilibrium solution [19]. This process could be either
simple or complex. The simple process involves only one
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type of polymer with addition of hydrophilic agent to
the colloidal solution. Meanwhile, the complex process
involves the interaction of two or more different types of
polymers [44, 45]. In this process, oil is usually dispersed
in polymer in aqueous/ buffer solution and subsequently,
due to pH adjustment, polymer turns to coacervate and
form a coating over oil droplets. The next step is cooling
of the overall solution to increase the hardness of coating
and encapsulate the oil within matrix [51]. Several wall
materials have been used in simple coacervation process.
Those are gelatin, alginate, chitosan, glucan and cellu-
lose derivative [19]. For complex coacervation of omega-3
oil gelatin or whey proteins and oppositely charged gum
arabic, sodium polyphosphate or carboxymethylcellulose
have been used [37]. Size of the microcapsule, prepared
by coacervation process ranges within 2-500 pm [52].
The particle size of microcapsule can be controlled by
controlling the temperature, speed of stirring, viscosity of
emulsion, concentration and type of polymer, and amount
of emulsifier [18]. As example, larger size of microcap-
sule is produced due to high concentration of polymer.
Contradictorily, lower size of microcapsule is produced
due to high stirrer speed [52]. Schematic diagram of coa-
cervation process is represented in Fig. 6.

2.2.4 Extrusion

Extrusion technique has been exclusively used for
microencapsulation of oil in a carbohydrate matrix [39].
Extrusion technology, used for microencapsulation of
oil can be classified in 3 categories, such as melt injec-
tion, melt-extrusion and centrifugal extrusion. The prin-
cipals of melt extrusion and melt injection are similar. In
melt extrusion, the driving force to prepare the matrix/
wall is a rotating screw without hardening bath, whereas,

Oil droplet Polymer

Coacervation
Addition of cross- l Change of pH and

Emulsion

linking agent temperature
Reticulation
Fig. 6 Schematic representation of coacervation process (self-
developed, concept was adopted from Rutz et al. [51])
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pressure is a driving force in melt injection process [16].
Centrifugal extrusion is most common than others. It is
performed with low temperature comparing to spray dry-
ing method [44]. In this process, heated aqueous polymer
solution flows through the outer tube and oil flows through
the inner tube and finally both two fluids are discharged
into a moving stream [45]. For microencapsulation of olive
oil by extrusion process, glutaraldehyde [37] and calcium
alginate [39] were successfully used. Gelatin, sodium algi-
nate, carraghenan, starches, cellulose derivatives, gum
acacia and polyethylene glycol can be used for coating by
extrusion process [17]. Size of the microcapsule, prepared
by coacervation process ranges within 150-2000 pm [44].
The particle size of microcapsule, produced by extrusion
process can be controlled by the diameter of hole in noz-
zle, external force in nozzle for detachment and flow rate
of oil and wall material. Under fixed operating parameters
in extrusion process, microcapsule with similar diameter
can be produced [45]. Schematic representation of extru-
sion process is represented in Fig. 7 [53].

3 Characterisation of microencapsulated olive oil

Physical and biochemical charecteristics of olive oil micro-
capsule can be represented by particle size, particle mor-
phology, colour, moisture content, water activity, oxida-
tive stability, encapsulation efficiency (EE) and release of
bioactive compounds from the matrix [3]. Charecteristics
of olive oil microcapsule depend on several factors, such

Core material 1 J" Wall material

' External force
in nozzle

P,

Loy ““*)
Calcium chlnriEE‘“'
solution

lezas

Fig. 7 Schematic representation of extrusion

&
Curing g, @

process (self-developed, concept was adopted from
Risch [53])

as wall material, emulsifier, ratio of oil and wall material,
and encapsulation technique [36]. EE, one of the major
charecteristics is generally estimated by measuring total
oil by destructive method and surface oil. Often, high-per-
formance liquid chromatography (HPLC) or gas chroma-
tography (GC) [15] is adopted for this purpose. Fourier
transform infrared (FTIR) spectroscopy is used to under-
stand the modulation of functional groups of fatty acids
of oil, matrix and emulsifier in microcapsule. Differential
scanning calorimetry (DSC) and thermogravimetric ana-
lyzer (TGA) are used to understand the changes of phase
and mass of wall material, oil, emulsifier and microcap-
sule, accordingly. DSC curve is produced based on heat
flow versus temperature or time, and TGA curve is pro-
duced based on change of mass versus temperature or
time [37, 38, 41]. The mean particle size and their distribu-
tion are generally evaluated by the dynamic light scatter-
ing analytical instrument [40]. Particle morphology, such
as surface charecteristics, dispersed or agglomeration of
particles and surface functionalization of microcapsule is
determined by the Scanning Electron Microscopy (SEM)
[3, 31]. Zeta potential ((-potential) is the electrokinetic
potential of solute in colloidal dispersion, which reflects
the stability of microcapsule. To understand the zeta poten-
tial is an important issue because it represents the fate of
microcapsule in food matrix or in intestinal tract. It is
measured by the zeta potential analyzer [3]. The moisture
content influences the shelf life of the microcapsule and it
is measured by the evaporation of water in a hot air oven
moisture analyzer [3]. Evaluating of the oxidative stabil-
ity of oil is a considerable important factor. It is measured
by determining the peroxide value, antioxidant activity
by 2,2'-azinobis 3-ethylbenzothiazoline-6-sulfonic acid
(ABTY) radical scavenging assay [15]. The shelf life of the
microencapsulated olive oil can be determined by using
accelerated oxidation tests, such as rancimat assay, oxy-
dative stability index OSI [36] and absorbance constants,
such as K232 and K270 [15]. K232 represents the aver-
age oxidation rate of the components of olive oil and K270
represents the percentage reduction of olive oil resistance
from oxidation. Those are measured by the wavelength
232 nm and 270 nm, respectively. The higher values of
them represents the poor quality of fat [15]. Summerized
information about physical and biochemical charecteris-
tics of olive oil microcapsule, prepared by different tech-
nologies are represented in Table 2.
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Table 2 Process conditions for producing olive oil microcapsule and their characteristics
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Process Wall material Emulsifier Cross-linker Results Ref.
Encapsulation
A: Gelatin + Gum Arabic + efficiency (EE) A 42.35%
Maltodextrin (MD)
B 52.98%
B: Sodium caseinate (SC) + C 38.52%
Spray drying Lactose - - o D BA%  [36]
Encapsulation yield A 51.20%
N 0
C: SC+MD (EY)
B 49.49%
C 51.21%
D: MD + modified starch
D 33.44%
. A 36.90%
A:SC+MD EE °
) o B 69.09%
Freeze drying B: Carboxymethyl-cellulose Lecithin n A 97.67% (3]
(CMC) + MD EY
B 99.79%
EE 60.6%. The encapsulated olive oil had a
Calcium peroxide value PV < 14 meq/kg, p-anisidine
Extrusion Sodium alginate - chloride value p-AV < 2.5 and free fatty acid FFA [39]
content < 0.14%, indicating acceptable oil
quality.
EE 89.37%. Loading capacity (LC)
Complex Glutaraldehvde 187.79%. Maximum coacervation occurred
coacervation + Gelatin A + Sodium alginate - Y when gelatin to sodium alginate ratio was [37]
Freeze drying 3.5:1, glutaraldehyde concentration 1.25
mmol.
EE 69.07%, when concentration of wall
Spray drying MD Tween 20 - material MD and emulsifier are 99% and [31]
1%, respectively.
Soy protein
isolate (SPI) EE
Pea protein
isolate (PPI) SPI 87%
Defatted milk .
powder PPI 82.5%
Spray drylng MD _ Defatted milk 77.5% [40]
powder
Octenylsuccinic OSA 88%
anhydrlde— Microencapsulation remarkably improved
modified starch the UV- or heat- stability, as well as the
(084) in vitro bio- accessibility of CoQ10.
Improvement of the water solubility and
bioavailability of CoQ10.
Porou.s starch Loading ratio efficiency 29 % when oil to
technique: .
drvine under Purple Potato starch - - wall ratio is 4:1 [41]
ying Peroxide value PV 8 mmol/Kg
vacuum
A: MD + CMC Particle size A 81.4 um
B: Alginate (ALG)+ (MD) B 161 pm
C 41.3 pm
C:12.5g/100 gMD + 7.5 /100 g D 14.8 pm
Freeze drying ) - - Glass transition A B [38]
GA Gum Arabic temperature (Tg)
B —
D: 10 g/lOO g MD + 8.5 g/ 100 g C 146.60 °C
GA
D 147.54 °C




362 | Chaabane et al.
Period. Polytech. Chem. Eng., 66(3), pp. 354-366, 2022

4 Applications of microencapsulated olive oil
Microencapsulated olive oil has been used in food, phar-
maceutical and cosmetic formulations. In subsequent sec-
tion, information is provided in comprehensive way.

4.1 Foods

Microencapsulated olive oil was used in food industry
for many reasons. For general wellbeing, popularity and
demand of antioxidant-enriched food catapulted to wide
range of communities [16]. Antioxidant enriched foods
not only reduce the risks of metabolic dysfunction, but its
contribution to provide stability of nutrients against oxi-
dative deterioration in food matrix [37] and preserve dif-
ferent sensory parameters [39]. Recently, oxidative sta-
bility of spray dried powder (microcapsule) containing
fish oil and extra virgin olive oil blend (1:1 weight ratio),
using sugar beet pectin as wall material has been inves-
tigated. It has been reported that the addition of olive oil
into the formulation can improve the oxidative stability of
microencapsulated fish oil and thereby prolong the shelf
life of formulation [54]. Presently, ketogenic diet has been
received lots of attention. Triacylglycerol in ketogenic diet
converts to ketone bodies in the hepatocyte mitochondria
(ketogenesis). Subsequently, these ketone bodies provide
energy (ATP) through ketolysis in heart and muscle cells.
Presence of polyunsaturated fatty acids, such as ®-3 and
-6 fatty acids in olive oil, its importance in formulation
of ketogenic diet is significant [55]. Due to fashionable
organoleptic property of olive oil, its importance in cook-
ing recipe is well known from past [56]. Emulsion of olive
oil with lemon juice at the ratio (1:1) was microencapsu-
lated by freeze-drying process and used successfully in
instant salad sauce [38]. Application of encapsulated olive
oil in yogurt and spread cheese has been also reported [57].

4.2 Pharmaceuticals

From old age, application of olive oil was not limited
within food recipes. Olive oil has been used as a phar-
maceutical because it is considered as safe, biocompatible
and non-toxic [58]. In the 19" century, olive oil was admin-
istered as laxative and to treat poisoning. It was used in
combination with fats and resins to develop skin ointment.
Additionally, it could be administered by mouth, for the
treatment of an inflammation of the intestinal tube, colic,
diarrhea and disparity [59]. Due to the presence of dif-
ferent bioactive compounds, such as polyunsaturated fatty
acids, vitamins and antioxidants with unique biochemi-
cal properties, olive oil has a great role in formulation of

pharmaceuticals [60]. In pharmaceutical industry, encap-
sulated olive oil are used as a therapeutics to modulate the
oxidative stress that is related to cardiovascular diseases,
arteriosclerosis and cancer [60]. Coenzyme Q10 (CoQ10)
is a hydrophobic compound with a high molecular weight,
resulting the lower oral bioavailability. Microcapsule of
olive oil with CoQl0 has been developed by combina-
tion of emulsification and drying techniques in sequential
way for elderly individuals as oral food supplement due to
their health consideration [40]. Polar phenolic compounds
in olive oil, mainly hydroxytyrosol and its derivatives
offer unique biological activities. It has been proven that
their dietary intake reduces the risk of cardiovascular dis-
ease and cancer. Scavenging activity of these compounds
against superoxide anion, hydrogen peroxide and reactive
oxygen species has been demonstrated [11].

4.3 Cosmetics

At end of the 19th century, olive oil started to be used
within cosmetics in Mediterranean countries. As exam-
ple, olive oil was used in hair care and to counter wrinkles
in Egyptian culture. The first cold cream was developed
by olive oil, bee wax and water in Greece. In Greek cul-
ture, olive oil was used to highlight the esthetic perfection
of the body of athletes and to prepare them through ther-
mal massage [59]. Several phenolic compounds, such as
hydroxytyrosol, catechin, rutin, verbascoside, luteolin and
oleuropein in olive oil act as an antioxidant. Their success-
ful implementation in cosmetics have been proven [61].
When cosmetics, enriched with antioxidant are applied
into the skin, they enter to the outermost layer of skin,
i.e., epidermis, which is mostly composed of keratino-
cytes. In cosmetic industry, olive oil is largely used due
to their antioxidant, nourishing and moisturizing proper-
ties [62]. Antioxidant protects the keratinocytes from oxi-
dative damage, and nourish cells and tissues [63]. Vitamin
E in olive oil protects skin from free radicals, responsi-
ble for the aging of skin [64]. In combination with vita-
min A, vitamin E stimulates cell regeneration. It is consid-
ered as useful remedy against wrinkles and is also applied
in treatment to prevent stretch marks [8, 59]. Presently,
microcapsule of olive oil has been applied into the cos-
metics with the same aid [18, 58, 63]. In some cases, visi-
ble microcapsules are intentionally added in skin and hair
creams, shower soaps and household cleaners to make the
product more visually attractive [65]. Microencapsuled oil
is also found in body deodorants and perfumes [60].



5 Conclusion

For a long time, olive oil has been received attention due
to the presence of different bioactive compounds, such as
polyunsaturated fatty acids (w-3 and w-6 fattyacids), vita-
mins and phenolic antioxidants with unique biochemical
properties. Microencapsulation of olive oil is an unique
approach to conserve the biochemical properties of bioac-
tive compounds within olive oil from oxidation and change
of environmental condition. As a result, quality and bio-
logical activity of olive oil are not deteriorated in the food
matrix during processing, cooking and storage. Therefore,
several applications of microencapsulated olive oil in food,
pharmaceutical and cosmetic industries have been received
high status. In this review, information about different tech-
niques to prepare olive oil microcapsule, characterization
of olive oil microcapsule, and application of encapsulated
olive oil in food, pharmaceutical and cosmetic industries are
represented in comprehensive way. Selection of method to
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