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Abstract

Microencapsulation is the process by which any active substances are coated with the help of very small
capsules. The size of the capsules can range from one micron to several hundred micron values. The
usage of these capsules is not limited to any field; it plays important role in many industries related to
pharmaceutical, biotechnology, food industries and in research applications as well. With the help of this
latest technology encapsulation of vitamins, minerals, phytochemicals, flavors, omega-3 fatty acids,
micro-organisms, enzymes, oils, peptides, protein hydrolysate, antioxidants and polyphenols is possible
and there are many factors that play a vital role in the efficiency of microcapsules such as the
concentration of polymer, rate of solvent removal, solubility of polymer insolvent, etc.
microencapsulation can be done in many ways such as; spray drying, extrusion, lyophilization,
coacervation, spray cooling, fluidized bed coating, co-crystallization and inclusion complexation. The
article is a review of microencapsulation technology and lays emphasis on various substances that can be
encapsulated with the help of this technique and different types of microencapsulation.

Keywords: Microencapsulation, substances, technology, types

Introduction

Microencapsulation is a rapid process widely used in the pharmaceutical or food industries in
which every single tiny droplet of solid or liquid material is coated with a continuous film of
polymeric material (Suganya & Anuradha, 2017) 581, The procedure of microencapsulation was
introduced by Bungen burg de Jon & Kan in the year 1931. This process involves the
conversion of liquids to solids, so as to alter the colloidal surface properties, protection against
environmental factors and control the release characteristics of various coated materials (Bakry
et al., 2016) [“l. The diameter of microencapsulated product ranges between 1-1000pm (Paulo
& Santos, 2017) 151, Microcapsules are used for various purposes because they provide a large
number of core materials like live cells, adhesives, flavors, agrochemicals, enzymes,
pharmaceuticals etc., can be encapsulated (Sulu et al., 2016)5°. This process can be used to
increase the stability of compounds, to reduce the undesirable taste and to improve the release
of properties of compounds such as essential oils, antioxidants, enzymes etc in food industries
(Kilicay et al., 2016) . Microencapsulation has proven to be the best way for the
incorporation of the natural dyes in the food products and leading to the high stability during
the processing and storage (Ribeiro, J. S., & Veloso, C. M. (2020) 3, The excellent result
depends upon the correct choice of the method and material. Microencapsulation is a better
way to utilize the food in a best way, so as to increase its nutritional value and make a healthy
and more over to increase the stability and bioavailability of food (Peunparkdee et al., 2016)
461, The wall material, capsules, core release forms, and encapsulation methods play a very
important role in this process (Carvalho et al., 2015) %1, The entire result of the process is
based upon these relevant aspects.

Capsule

Mainly capsules are divided into three main categories: Nano capsules (<0.2pm),
microcapsules (0.2 to 5,000um), macro capsules (>5,000um). (Wang et al., 2015)
[62lAccording to construction and shape they occur in two forms either as microcapsules or as a
microsphere. Microcapsules cover the active substance with a continuous polymer layer
constituting the capsule membrane (Casanova et al., 2016) [*4,
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Wall material

Wall material is responsible for better stability and efficiency
(Wazarkar et al., 2016) 4, Excellent wall material should
always have these properties: not receive with the core; ability
to seal and maintain the core inside the capsule; maximum
protection to the core against adverse conditions; masking of
bitter or bad taste, so as to increase the food applicability

http://www.thepharmajournal.com

According to (Cai et al., 2015) I, every wall material does
not have all the properties, so for good results the
combination of two or more materials is preferred. This
material can be extracted from a huge variety of natural or
synthetic polymers. Carbohydrates, gums, lipids and
inorganic material are the some of the materials for the
extraction of polymer.

Shell material

Core material

Shell material

Core material

Fig 1: Representations of microcapsules A) Core surrounded by shell B) Core material dispersed in matrix shell

Controlled core release

Core should be kept away from the external environment till
the release is desired. Therefore, proper time and place is
important factor for the core release, improving the
effectiveness, low dose of additives is required and expanding
the applications of compounds of interest. Interaction between
the core and wall material has an adverse effect on the
releasing rate (Khanbdahale, 2020) 4. Moreover, the particle
size, ratio of core and wall material and volatility of core
influences the release. The main mechanism involved in the
core release: temperature, pH, pressure, solvent, diffusion and
degradation or the combination of more than one. Diffusion
occurs especially when the microcapsule wall is intact
(Timilsena et al., 2019) 5%, According to (kumar et al., 2013)
[371 degradation release occurs on the degradation of proteins
or lipids by the action of enzymes such as proteases and
lipases respectively. In contact with a solvent, the wall
material dissolves completely, quickly releasing the core or
start to expand, resulting in the flavor release. The pH release
occurs when the pH changes, resulting in the alteration of the
wall material solubility, finally leads to core release
(Ballesteros et al., 2017) Bl Changes in temperature can
promote core release. It has a two ways: temperature-sensitive
release (critical temperature is required for expanding and
collapsing of material) and fusion-activated release (melting
of the wall material along with the rise in
temperature).Pressure release occurs when a pressure is
applied to the capsule wall (Martin et al., 2015) 49,

Encapsulation Methods

The selection an appropriate method depends upon the size
and shape of particles required, core type, the wall material
and the core release. The main encapsulation methods are:
Spray drying, spray cooling, extrusion, coacervation,
lyophilization and emulsification, gelation, supercritical fluid,
polymerization and fluidized bed (Khan et al., 2016) [¥21,

Spray drying
This process involves the formation of a solution, emulsion or

suspension containing the core and wall material, followed by
nebulization in a drying chamber with circulating hot air.
With the continuous contact with the hot air, water evaporates
instantly and the material encapsulates the core. Choosing
atomizer is one of the most important steps when it comes to
the processing of designing. Atomization has some
advantages over other methods: large equipment availability,
wide variety of encapsulating agents can be employed,
potentially large-scale production, simple equipment, good
efficiency, reduced storage and transport costs and low
process cost whereas the production of non-uniformly sized
materials is the main disadvantage of atomization.

This technique is used to encapsulate mainly lipids, flavors
and pigments. In this method, the use of thermo-sensitive
products is very limited, as the required high temperature
leads to the destruction or volatilization of the product (Manaf
etal., 2015) ™,

Spray cooling

It is the process to elevate the interest for the automation for
various processes that are being conducted in case of
microencapsulation. Spray cooling microencapsulation is
based on injecting the cool air for the solidification of the
product. Micro particles are produced by a mixture containing
the wall material and core in droplets. The mixture is
nebulized by an atomizer and enters a chamber in which air
flows at low temperature. The positives of the process include
low droplet impact velocity, there is no temperature exceed, it
removes the heat uniformly (Ayoub et al., 2019) Bl The
reduction of temperature results in the solidification of the
wall material, enabling the core to be encapsulated (Wang et
al., 2020) [631, This method is considered as the cheapest method
as the low temperature is employed in this method and with a
high potential for scale-up. This method is mainly used to
encapsulate vitamins and minerals (Zhao et al., 2020) 6,

Extrusion
This method is based on a polysaccharide gel that
immobilizes the core when in contact with a multivalent ion.
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Extrusion involves incorporating the core in a sodium alginate
solution, followed by a mixture undergoing drop-wise
extrusion via a reduced caliber pipette or syringe into a
hardening solution, such as calcium chloride (Bamidele et al.,
2020) 61, The main advantage of this process is the very long
shelf life of flavor compounds due to the provision of an
almost impermeable barrier against oxygen. One of the
drawback of this method is the rather large particles formed
by extrusion (typically 500-1,000mm), which limit the use in
applications where mouth-feels a crucial factor. Additionally,
a very limited range of wall materials is available for
extrusion encapsulation (Fangmeier et al., 2019) %3,

Coacervation

Coacervation technique involves the deposition of the
polymer around the core by altering the physicochemical
characteristics of the medium, such as the temperature, ionic
strength, pH and polarity (Eghbal and Choudary, 2018) 81, It
is of two types: simple (single macromolecule is present) and
complex (two or more molecules are present). It is typically
used to encapsulate flavor oils.

http://www.thepharmajournal.com

Lyophilization

Lyophilization is a method involving the dehydration of
frozen material under a vacuum sublimation process
(Kawasaki et al., 2019). The principle behind freeze drying is
sublimation (Do Amaral et al., 2019) (%, Steps in the process
include sample preparation, freeze primary drying, secondary
drying and final product (Khan et al., 2015) B3 this method
improves the quality, as there are no changes associated with
the high temperature. It is widely used in essences or
flavorings. It is also used to improve stability and long term
storage of labile drugs.

Emulsification: In this method, first the core is dispersed in
an organic solvent. Then, dispersion is emulsified in the water
or oil, which contains an emulsion stabilizer (Bakry et al.,
2016) M T organic solvent, is then removed by evaporation
under stirring, providing the formation of compact polymer
globules in which the core is encapsulated. It is widely used to
encapsulate vitamins, minerals, enzymes, etc.

Microencapsulated ingredients
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Fig 2: Microencapsulated ingredients

Microencapsulation of natural dyes

To provide attractive color and increase the demand of the
food, the different type of dyes were used. In case of
industrial use, there is a need of dyes just in case of loosing
color at the time of processing or storage (Codex
Alimentarious Commission, 2000: Esquiavel, 2016) (%1,

There are different natural dyes, which are responsible for

different colors such as; betalains and anthocyanins for red,
yellow and purple color (Otalora et al., 2015 & Rosa et al.,
2019) 31 carotenoids for orange and yellow color (Rascon et
al., 2011) (81 chlorophylls for green color (Porrarud & Pranee
2010) 1 and genipin and phycocyanin for blue color (Brauch
et al., 2016, Chaiklaban et al., 2012 & Neri-Numa et al.,
2017) B8,
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For industrial use of dyes, the limit has been set, as they are
delicate in case of exposure of temperature and oxidation,
which is further responsible for the discoloration at the time
of processing and storage and even in the reduction of sensory
quality of the products (Esquiavel, 2016) %2,

Therefore, to increase the stability of these products
encapsulation is necessary. This is widely used for the
processing of natural dyes, so as to increase the stability of
coating materials by limiting their interactivity with other
food constituents and air and also reduces the water activity
and effects of high temperature on natural dyes (Jafari, 2017:
Rodriguez Amaya, 2016) 139,

Exposure to light, oxygen and high temperature, interactivity
with other food constituents hinders the stability of
anthocyanins. Although, pH instability is the extraordinary
property, because the pH difference refers to the structural
changes that out-turns to the development of compounds with
various colors or even become colorless (Araujo, 2019,
Damodaran et al., 2018: Rodriguez-Amaya, 2016: Rodriguez-
Amaya, 2019) 4,

Therefore, studies showed that to increase the stability and the
use of natural dyes, microencapsulation has been used. Spray
drying is widely used for the microencapsulation of natural
dyes (Gaonkar et al., 2014, Ozkan et al., 2019) [2°],

Polyphenols and Antioxidants

The emission of rays, environment pollution and by products
of chemicals and medicines give rise to free radicals and for
the destruction of these free radicals antioxidants are required.
Antioxidants are the natural or synthetic substances, which
hinders the process of oxidation. Furthermore, antioxidants
are addressed as “Free radical scavengers” and this property
of antioxidants prevents the damage to the cells (Neha et al.,
2019) @1,

Polyphenols are referred to as a class of metabolites that
derives from the specialized metabolism of plants. These
polyphenols have one or more hydroxyl groups affixed to a
benzene ring and play a vital role in the defense mechanism
so as to avoid the action of plant abiotic stressors and
pathogens (SanMiguel, 2017) 1581,

Case studies related to microencapsulation of biotic
compounds- Polyphenols and antioxidant

According to (Isailovic et al., 2012) I it was studied that
microencapsulation of natural antioxidants in different
alginate and inulin system can be extracted from Pterospartum
tridentatum. The main focus of this study is totally related to
safeguard the natural antioxidants from wild herb
Pterospartum tridentatum (aqueous extract) by using the
process of microencapsulation with the help of alginate hydro
gel micro beads. For the preparation of micro beads, the
technique of electrostatic extrusion was used. Two types of
micro beads were used, one was plain Ca-alginate and another
was Ca-alginate filled with inulin having the concentration of
10%mass and 20% mass. Fourier transfer infrared (FTIR) was
used to determine the various components of micro bead
mixture. By using the Folin-Ciocalteau reagent, TPC was
measured and the absorbance was checked after 2 hours at
765 nm. To understand the surface morphology, Scanning
electron microscopy (SEM) was done. Along with SEM many
other tests were done such as calculation of encapsulation
efficiency and determination of free radical-scavenging
ability. The result depicted that, the micro beads having 20%
mass of inulin has showed the greater efficiency in the field of
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antioxidant activity as well as total phenolic content. The
mixture of alginate-inulin in the form of micro beads showed
the greater efficiency. The filling of inulin leads to the better
stability and encapsulation capacity.

(Betz et al, 2012) [l has experimented on the
microencapsulation of extracted antioxidant capacity of
Bilberry in whey protein hydro gels. Bilberry is a rich source
of anthocyanins, having the high antioxidant capacity. To
protect the bioactive compounds, the process of
microencapsulation has been considered. By the method of
drop-wise emulsion, the whey protein microcapsules along
with the bilberry extract has been produced. To monitor the
antioxidant capacity of bilberry extract at every step, the
Trolox equivalent antioxidant capacity (TEAC) was used. It
has been observed that the interaction between the bilberry
extract and whey protein was responsible for dropping of
antioxidant capacity throughout the process and while using
an emulsifier through the process, an anthocyanin was
responsible for dropping of antioxidant capacity. At the
occurrence of such situations, a transformation of hydrophilic
anthocyanins to the oil phase was observed. At last to know
the mechanism of microcapsules in Gl tract, the
microcapsules were explored further with the time-dependent
released mechanism as compared to non-encapsulated
bilberry-anthocyanins inhibited at pH 6.8. At the pH 6.8, there
was minimum amount of anthocyanin break-down when the
non gelled extract- whey protein mixture depicted a safeguard
result of domestic whey protein on incubation. Hence, the
outcome of this study was the awareness related to protein-
based microencapsulation and evolution of novel
encapsulation techniques.

(Floirendo et al., 2013) has experimented on the investigation
of phenolic content and antioxidant capacities of
microencapsulated blueberry anthocyanins. Three types of
solvents were used- ace tonic, methanolic and ethanolic and
with the help of these solvents two samples were prepared; by
the process of spray drying and various other tests were also
done such as scanning electron microscopy, FRAP assay,
Total phenolic content, total monomeric anthocyanin content.
According to surface morphology, the microcapsules
appeared spherical in structure and have smoother appearance
and there was no significant difference between the three
solvents. The ethanolic extract of whey protein isolate showed
more monomeric ACNs as compared to ace tonic and
methanolic extracts. According to the comparative analysis
between the two samples, whey protein microcapsules had
FRAP value as compared to Gum Arabic microcapsules. The
antioxidant capacity of ace tonic solvent was highest followed
by ethanolic and methanolic. Thus, it was concluded that the
alcoholic extracts were more efficient than ace tonic extracts
when referred to antioxidant potential.

(Ersus and Yurdagel., 2006) [ the study is related to
microencapsulation of anthocyanin (pigment) from black
carrot by the process of spray drying. The black carrots were
collected and maltodextrin MDX 29 (28-31 DE) was used as a
carrier spray drying agent, then the ethanolic extract was
prepared in order to isolate anthocyanin. Feed mixture was
prepared and then it was poured into spray dryer @5ml/min.
then the pigment powder was stored in brown bottles. Various
tests on the samples was conducted such as -Total
anthocyanin content, antioxidant as well as DPPH activity and
to study the surface morphology scanning electron
microscopy (SEM) was done along with color detection. The
result depicted that the microcapsules with the presence of
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maltodextrin appeared smooth. The Brix value of black carrot
was analyzed to be 11.90+0.14; the DE value of maltodextrin
was directly proportional to hygroscopic moisture of sample.
The color detection was carried out for 8 weeks and the
testing was done at two temperatures i.e. 4°c and 25°c, at 4°c
the color of sample did not changed but at 25°c it turn to
brown. It was conclude that due to higher air inlet temperature
there was great loss in anthocyanin and storage at 4°c
increased the life of anthocyanin three times as compared to
the sample stored at 25°c.

(Desai et al., 2019) 181 studied about the microencapsulation
of antioxidant as well as phenolic compounds from green
coffee. The decaffeination of ground coffee was done with the
help of soxhlet apparatus. Then the slurry was prepared using
a rotary evaporator and filtered to get the coffee extract, and
microcapsules were prepared with the process of spray drying
and were stored at 4°c. According to proximate analysis of
total phenolic content of coffee extract was calculated around
12.78+2.1 mg GAEg % The crude fiber and protein, ash,
carbohydrates and calorific value of the extract was also
calculated and the micronutrients such as Fe, Cu, Ca, etc were
also evaluated. The scanning electron microscopy (SEM) and
results depicted that they were irregular in shape, had smooth
texture but few of the particle showed dents and shrinkage on
surface. While as the maltodextrin encapsulated particles have
bigger size and were smooth as compared to the particles with
green coffee extract. Thus, it was concluded that the particles
encapsulated with maltodextrin has smoother surface, were
soluble in many pH solution.

(Wilkowska et al., 2017) 1 the study deals with the
antioxidant activity and polyphenols of chokeberry juice as
well as wine with the help of microencapsulation. Juice and
wine were prepared and then three different types of coatings
were used for microcapsules by spray drying. The three
coatings used were maltodextrin, Arabic gum, and HP-f-
cyclodextrin. The surface morphology of dried powder was
studied with the help of SEM. Further analysis was done with
respect to polyphenols (HPLC), total polyphenols, antioxidant
capacity, ferric reducing/antioxidant power. The storage
stability of microcapsules was also checked. The result
depicted that the capsules coated by maltodextrin were little
dented and has round outer surface while as the microcapsules
of HP-CD appeared to have wrinkle surface whereas the
capsules prepared from maltodextrin and gum Arabic showed
spherical surfaces. The poly phenolic level of chokeberry
juice as well as wine has significant level of polyphenols and
anthocyanins. Five poly phenolic compounds were detected
from the sample. The storage stability of microcapsules was
also checked. The highest loss was in case of juice poly
phenols as compared to wine. This revealed that the stability
of polyphenols juice was much lower as compared to wine.
(Tuan et al., 2016) %4 started the process of extraction as well
as encapsulation of poly phenols from guava leaves. Guava
leaves collected and the process of extraction was carried out
with the help of hot water bath. Then, with the help of
microwave extraction technology phenolic compounds were
taken out from the powder of guava leaves. The
microcapsules were prepared by mixing the maltodextrin and
Arabic gum maltodextrin. The results depicted that
microwave extraction was able to release more polyphenols as
compared to conventional procedures. The DPPH assay
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showed that the traditional extraction was lower as compared
to novel extraction and butylated hydroxytoluene. The plant
cell wall structured was studied with the help of scanning
electron microscopy and the comparison between raw sample,
control sample and the sample extracted from microwave was
conducted. The sample with microwave extraction showed
improved extraction efficiency. It was concluded that
microwave extraction technology is one of the potent method
which enhanced the extraction of polyphenols and flavonoids
from guava leaves, the antioxidant capacity was also
increased and the microencapsulating agents were also the
convenient choice.

(Zanoni et al., 2020) %8 the experiment was done for the
encapsulation of polyphenols extracted from red chicory as
well as red cabbage by the process of spray drying. Three
types of solvent were used for extraction; one was methanol-
water based, ethanol-water based and water-water. Then
microcapsules were prepared by the process of spray drying
and many tests were conducted such as antioxidant capacity
was checked, thermal stability was examined, water activity
was also checked, SEM was conducted. The results depicted
that the highest thermal stability was seen in case of ethanol
water-based extract. The best extraction capacity was in case
of methanol-water based extract the color properties were not
altered upon thermal treatment in fact the retention of
polyphenols and antioxidant capacity increased by
encapsulation. SEM analysis depicted that red cabbage extract
showed the presence of irregular and spherical particles while
as in case of the red chicory extract the particles appeared
bigger. It was concluded that the extract of red cabbage
became unstable when exposed to high temperature and other
factors such as pH, pigments; light absorption properties
remained unaffected and saved upon microencapsulation.
(Robert et al., 2010) B9 studied about the encapsulation of
polyphenols and anthocyanins from pomegranate by the
process of spray drying. The juice as well as ethanol extract of
pomegranate were encapsulated by the help of maltodextrin
and soybean protein isolates using spray drying. The
microcapsules were analyzed for a period of 56 days, kept in
oven at 60°c. The comparative analysis depicted that
polyphenol encapsulation was better in case of soybean
protein isolate while in case of anthocyanin better result was
seen in case of maltodextrin. The protective effect was more
in case of maltodextrin as compared to soybean protein
isolate. The addition of yoghurt lead to no significant change
in the stability of bioactive compounds, but certain changes
were seen in case of encapsulation done by maltodextrin for
the ethanol extract of pomegranate.

(Robert et al., 2015) B4 conducted his experiment on purple
cactus pear pulp and the encapsulation agents used were
polysaccharide protein. There different type of encapsulating
agents were used; soybean protein isolate, soybean protein
isolate along with maltodextrin and soybean protein isolate
with insulin and in all the three cactus pear pulp was
encapsulated. Total polyphenols, beta and betaxanthin
contents were evaluated. All the study was carried out in dark
at 60°c. During the storage it was seen that there is inverse
relation between polyphenols and betalains. The pigments
were compared and yellow pigment (betaxanthin) was more
stable as compared to red pigment (betacyanin)
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Table 1: Encapsulation of biotic compounds

S.NO. Method Encapsulated Compound Source References

1 Electrostatic extrusion Natural antioxidants Pterospartum tridentatum Isailovic et al., 2012
2 Drop-wise extrusion Antioxidant (anthocyanin) Bilberry Betz et al., 2012

. Phenolic content and antioxidant .
3 Spray drying (anthocyanin) Bluberry Floirendo et al., 2013
4 Spray drying Anthocyanin pigment Black carrot Ersus & Yurdugal, 2006
5 Spray drying Antioxidant as well as phenolic Green coffee Dessai et al., 2019

compounds

6 Spray drying Antioxidant & polyphenols chokeberry Wilkwska et al., 2017
7 |Microwave extraction & traditional extraction Polyphenols Guava leaves Tuan et al., 2016

. Red chicory as well as red .
8 Spray drying Polyphenols cabbage Zamoni et al., 2020
9 Spray drying Polyphenols & anthocyanins Pomegranate Robert et al., 2010
10 Spray drying Polyphenols, betalains, betaxanthin | Purple cactus pear pulp Robert et al., 2015

Vitamins and minerals

Vitamins are naturally occurring organic substances which are
required by the body in the small amount for the usual growth
and metabolism (Wilson and Shah, 2007) [661,

Minerals are naturally occurring inorganic substances having
a constant structure, which provides the accurate amount of

nutrition to the animal, plant and human body (Li et al., 2014)
[38],

Case studies based on encapsulation of vitamins and
minerals

(Ciapara et al., 2004) the study is related to
microencapsulation of astaxanthin in the matrix made up of
chitosan. Astaxanthin and chitosan were collected and
microencapsulation of astaxanthin was done by multiple
emulsion or solvent evaporation technique, by the process of
cross-linking. Astaxanthin was encapsulated in chitosan based
matrix and was stored in the form of duplicates at hree
different temperatures- 25 °c, 35 °c and 45 °c for 8 weeks.
HPLC of microcapsules extraction was done, which depicted
the separation of astaxanthin isomers before microcapsules
and after storage the stability was also checked and retention
time peaks for both were also calculated. Thus, it was
concluded that it did not prove to be effective method for total
pigment extraction from the microcapsules.

(Gadkari and balaraman, 2015) I the study deals with the
process of extraction and encapsulation of catechins. Raw
material was collected in the form of leaves, fruits or fruit
skin. Then the process of pretreatment was conducted using
drying, grinding and sieving and extraction was carried along
with filtration and centrifugation. The concentrate made with
the help of rotary evaporator, spray drier or freeze drier. Then
they formed concentrate was dissolved in solution of aqueous
coating. After this dehydration of homogenized aqueous
media was done with the help of super critical mediated
process, spray drying or fluidized bed spray method. By the
end of this step, catechins were encapsulated. Then it was
concluded that leaves were the potent source of catechins
among all the other material. They were very unstable with
reference to slightest change in pH, temperature and light.
Some non standardized processes results in the mortification
of catechins from the plant source. Due to the reason, many
new processes were developed such as super critical CO2
extraction. It is considered as one of the best method due to its
advantages such as the nontoxic level of solvent, the structural
integrity and higher efficiency of the extract.

Flavors
Flavor is responsible for the taste of the food, which either

elevates or modifies the taste (Zhu et al., 2012) [,

Case studies based on encapsulation of flavors

(Koupantsis et al., 2014) B8 the study is related to the
encapsulation of flavor in milk protein. The microcapsules
were prepared which contains beta-pinene by the coacervation
of milk protein. Then the droplet size was measured,
measurement of proteins and polysaccharide electric potential
was also done, GC-FID analysis was conducted. The
extraction of encapsulated beta-pinene was also done, pH was
also measured and the result depicted that when the pH was
acidic i.e. 2.8, then there was formation of coacervate type
complexes, that worked as the encapsulated agents, the
increase in protein/polysaccharide ratio, resulted in changed
microcapsule morphology due to which the beta-pinene
droplets were immobilized and due to this immobilization
there was interaction between non-absorbed proteins and
polysaccharides molecules.

Omega-3 fatty acids
Omega-3 fatty acids are considered as essential fatty acids
which are the type of poly -unsaturated fat, acquired from the
food sources as the human body is not capable to form them
(Czyz et al., 2016) 191,

Case studies related to encapsulation of omega-3 fatty
acids.

(Goyal et al., 2016) 2 the study is related to fortification of
dahi (Indian yoghurt) along with Omega-3 fatty acids by
microencapsulated flaxseed oil microcapsules. Four different
types of formulations of microcapsules flaxseed oil powder
were chosen and all the result was depicted on the basis on
sensory, one was taken as control and rests three were 1%,
2% and 3%. As soon as the microcapsules were formulated
many parameters were checked such as titrable acidity,
oxidative stability and storage conditions were also monitored
with the help of Gas liquid chromatography (GLC). As the
storage of the fortified samples was done for 12 days, the
comparison between the control and other samples were done.
It was seen that samples were bit more acidic as compare to
control and in case of texture, the value of firmness lied
between 2.09-2.14N and in control it was 0.88-1.7N. The
firmness was highest in case of control. There was no
difference in the peroxide value of fortified dahi and control
sample while as in case of a-linolenic acid it was seen that
there was no change for 1% nine days but after 15 days the
value decreased from 1.92-1.68. Thus, it was concluded that it
was a patent functional food and could be a great source of
attraction for consumers.
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Probiotics

Probiatics are the live microorganisms, which are safe for the
human consumption as they increase the number of good
bacteria in the gut (Cook et al., 2012) 4],

Case studies related to encapsulation of micro-organisms
(Probiotics).

(Keen et al., 2012) 3 the study is related to the encapsulation
of lactic acid bacteria in Colloidosomes. Microorganisms are
selected and colloidosomes were prepared with the help of
sunflower oil, sodium chloride, water and ethanol. Various
tests were conducted such as- Scanning electron microscopy,
cell viability test, glucose trends along with pH trends were
checked. The results depicted that, by green fluorescence the
bacteria were seen with the microscopy imaging. Bacteria,
which were encapsulated were able to metabolize glucose and
were able to produce lactic acid. Most of the colloidosomes
appeared spherical and intact. It was also observed that at pH
3, there was mild disorganization in the shell of
colloidosomes, they also appeared stuck. Thus, it was
concluded according to the comparison made between
encapsulated and unencapsulated, the viability was more in
case of encapsulated bacteria as compared to unencapsulated
at pH 3 for 2 hours.

(Chen and Chen 2009) 2 the study is related to the
formation of encapsulating material by gellan gum which is a
microbial polysaccharide originated from pseudomonas
elodea. It is made up of four monomers i.e. glucose,
glucoronic acid, glucose and rhamnose. The result concluded
that, it is one of the best ways to induce a thermo reversible
gelation on cooling of gellan gum solutions and the factors on
which gelation temperature depends is polymer concentration,
type of counter ions present in the medium and ionic strength.
(Livney 2010) B9, the study is related to the formation of
encapsulating material by milk proteins as they have potent
physical and chemical properties when compared to other
proteins. In proper conditions, milk proteins can form gels as
gelatin. They are considered as legitimate carrier of probiotic
cells due to the properties i.e. physical, chemical and
structural. Due to their significant gel formation properties
they act as one of the most stable material for encapsulation
of probiotic cells and the results also depicted that due to its
properties it is one of the most favorable method considered
for encapsulation of probiotics.

Enzymes

Enzymes are the biocatalysts, which accelerates the
biochemical reactions in living organisms and one can be
taken out from the cells so as to catalyze a number operations
(Robinson, 2015) 521,

Case studies related to encapsulation of enzymes

(Dror et al., 2008) [ conducted his experiment on
encapsulation of enzymes in biodegradable tubular strutine.
The polymer, solvent, shell-core solutions and E.coli were
collected. Then the enzymes were encapsulated in micro tubes
made up of coelectrospinning. The technique of
coelectrospinning was used because it has capacity to separate
two phases, which can cause harm to enzyme activity. The
shell used in this experiment was made up of
polycaprolactone (PCL) and dimethylformamide. Due to the
separation, it was possible to pressure the enzymatic activity
of two enzymes before and after coelectrospinning, which
worked only when the fiber mats were kept in an aqueous
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assay environment. The shell structure was changed by
mixing polyacaprolactone along with polyethylene glycol.
The mixture resulted in formation of pores in the shells, due
to which the movement of the particles inside-out of fibers
were affected. Then an enzyme that weighed around 80kda,
along with alkaline phosphate was poured through the pores
into the broadening medium. The fiber became the release
device and one larger enzyme. B-galactosidase did not drain
out of the fiber and remained intact. It was concluded with the
help of enzyme assay that the substrates of both the enzymes
were diffused property into the fiber and only got cleaved by
encapsulated enzyme, which resulted in the diffusion of the
product outside the fiber. Among both the enzymes
encapsulated it was seen that in case of B-galactosidase, fiber
acted as a potent and stable enzymatic micro reactor.

Peptides and protein hydrolysates

A peptide is a linkage of two or more amino acids which are
joined together with the help of a chemical bond (Dai et al.,
2005) [61,

Protein hydrolysate is a combination of amino acids which
can be acquired by the hydrolysis of plant and animal protein
(Sarabandi et al., 2018) 571,

Case studies related to encapsulation of peptides and
protein hydrolysates

(Yokota et al., 2012) 71 studied regarding the micro
encapsulation of casein hydrolysate. Soy- lecithin was used,
then the liposome preparation was done and their
encapsulation efficiency was studied. With the help of photon
correlation spectroscopy the average particle size was
determined. The samples were also analyzed in micro
calorimeter and to study the surface morphology. SEM was
done, infrared spectrum was achieved with the help of FTIR
and wide angle x-ray diffraction was also conducted. The
results showed that the non-cryoprotected liposome along
with non-purified soy-lecithin which appeared smaller as non-
cryoprotected liposome with purified soy-lecithin. SEM
showed huge fusions of the phospholipids vesicle did not
occur in case of liposome containing cryoprotectant. It was
also noted in the micrograph the presence of spherical
structures and many of there were included into the
amorphous mass of excess cryoprotectant. The thermal
behavior of liposomal system with non-purified soy-lecithin
for lyophilized liposome was seen in absence of casein
hydrolysates. FTIR depicted the peak of the frequency range
between 1650-1100cm * and X-ray diffraction showed all the
structures were completely amorphous. Thus, it was
concluded that liposome produced with non-purified soy
lecithin can be lyophilized by the help of sucrose and
trehalose. SEM did not show any kind of fusion structures and
by using DSC, the thermal analysis revealed exothermic
transition in the samples which did not contained casein
hydrolysate.

Conclusion

Microencapsulation is an art as well as a science with the help
of which one can encapsulate wide variety of substances into
a capsule and protect it against nutritional losses and
surrounding environmental factors. It can be done with the
help of different techniques such as spray drying, extrusion,
spray chilling, etc. it is the upcoming technology with its
applications in drug delivery, textile industry, beverage
production, cell immobilization, etc.
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Many studies are already available to prove its adaptability
and increasing demand in the market but more research is yet
to be done to solve the remaining riddles related to this
technology and master its types.
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