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Introduction

The technological advancements in food industry along with the increase in
consumer awareness about the ability of certain foods to reduce discase risk or improve
health atong have together contributed to the new sector known as lunctional toods.
Functional foods are those foods enriched with functional ingredients to offer long
term health benefits or to reduce the incidence of chronic diseases beyond their nutritional
functions (Menrad. 2003: Roberfroid. 2000). Several bioactive compounds of significant
bioactivity have been isolated from various natural sources for developmentof functional
foods. Marine organisms arc considered as one of the richest sources ol bivactive
molecules that finds wider applications in the biomedical. pharmaceutical and
nutraceutical industries. The most commonly employed nutraceuticals for development
of functional foods includes omega-3 fatty acid, phytosterol. phytochemicals. fibres
and vitamins and minerals such as retinol. ascorbic acid. iron, calcium. zinc etc. (Sloan,
2002). However, direct incorporation of many of these bioactive compounds into foods
is not an easier lask. Some of the challenges involved in the direct incorporation of
bioactive compounds into foods include poor solubility in aqueous phase, higher melting
point, loss of bio-availability, loss of physico-chemical stability and interactions with
other components which are present in the food matrix (McClements, 2015). For
instance, omega-3 rich fish oil can not be direetly incorporated into food as it will
undergo oxidation very fast and will affect the quality of the final product. It has to be
either converted into a stable dispersion or powder form for incorporation as a functional
food ingredient. These challenges have to be adequately addressed by adopting certain
intervention strategies for the development of shelf stable functional foods.




Fncapsulation 1s one such pronusing technology used Lor retaining the broactivity and

stabshity of sensitive hroactive compounds.

Encapsulation

Encapsulation 1s the process of entrapping a specilic component (active
component) within some kind of matrix or encapsulant and thereby helping in controlled
release under specific conditions (Desar and Park. 2005). The active component that
will be entrapped is referrea to as the core material, actives, fill, internal phase or
payload and the polymertc substance surrounding it 1s known as the wall material,
capsule, membrane, carrier or shell. The technology finds it applications in many areas
such as pharmaceuticals, nutraccuticals and even in cosmetic industries (Sanguansii ef,
al., 2013). This technique was found uselul in protecting sensitive ingredients from
biochemical deterioration and facilitates its controlled release (Adamiec and Kalemba,
2006). The encapsulation of bioactive compounds finds several applications i the
food industry such as: (i) Protection of active components from factors that can cause
oxidation, (i1) Reduction of transfer rate of the active components to the outside
environment. (ii1) Enhanced bio-availability and efficacy, (iv) Masking undesirable
odors and flavors in the final product. (v) Better handling of the bioactive components,
{v1) Better storage and enhanced shelf lite, and (vii) Controlled and sustained release of
active components. especially in the case of drug delivery systems (Desar and Park,
2005).

Depending on the stze ot matenal produced. cither microparticles or
nanoparticles can be obtained. Microcapsules thus produced can again be classified
mto three. based on their morphology.,

1. Mononuclear (core-shell) microcapsules containing the shell around the core.
2. Polynuclear capsules have many cores enclosed within the shell.
3. Mauix encapsulation in which the core material 1s distributed homogeneously

into the shell material.

Wall materials for encapsulation

The main role of wall material is to protect the core material from tactors that
can affect its oxidative stability and controlled release of core matenal under the desired
conditions. The judicious selection ot wall material is an important task as it has an
important role to play in many aspects of encapsulation such as encapsulation efficiency,
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stability as well as the protection of the core compound. The wall material selection
depends on number of factors such as solubility. molecular weight, glass transition
temperature. diftfusibility. film forming. emulsifying properties etc. Apart from this. the
cost of wall material also has to be taken into account because the total process should
be economical.

The wall materials used for encapsulation should be sate and should not have
any adverse effects on human health and well-being. It 1s important to test the potential
toxicity of wall materials to ensure their safety. If it is meant for food applications. it
should have “Generally Recognized As Safe” (GRAS) status. Moreover, 1t should be
biodegradable. economical, efficient and form a protective barrier between the core
material and the surrounding medium. It should be able to remain physically and
chemically stable when exposed to various environmental stresses such as pH. 1onic
strength etc. while retaining its desirable functional properties (McClements, 2015).
The most commonly used materials are:

1. Carbohydrate polymers (starch and cellulose and their derivatives),

2. Plant exudates and extracts (gum. galactomannans, pectins and soybean
polysaccharide)

3. Marine extracts (carragenan and alginate)

4. Microbial and animal - derived polysaccharides (xanthan. gellan, dextran and
chitosan)

5. Proteins (whey protein. zein, collagen. gelatin ete.)

Methods used for encapsulation

One important criteria that determines the success of encapsulation is the method
of encapsulation. Currently, there are a number of encapsulation technologies being
employed to attain a better encapsulation process and efficicncy. Some of the most
commonly employed technologies for microencapsulation are discussed here:

(1)  Spray Drying: Spray drying is the most widely used encapsulation technique in
the food industry. This is mostly employed for preparation of dry. stable food
additives and flavors (Desai and Park, 2005). It is economical, flexible, efficient,
easy (o scale-up technology which produces good quality powder with low water
activities that can be easily stored and transported. This is used to produce huge
quantities of material in a minimal continuous processing operation
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(2)
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(Anandharamaknshoan of. of . 2007) 1t can produce high quality MICrocapsules,
usually with a size less than 40 wm. by atomizing a liquid solution or emilsion
through a nozzle to a hot gas chamber where subsequent dehydration of the
atomized droplets occurs 1o yield microcapsule. [Towever. certain researcheyg
have reported that it can cause oxidation of poly unsaturated fatty acids due (o
high temperatures employed during the process (1einzelmann e/ a/., 20001,

Freeze drying: Freeze drying is widely accepted as one of the best methods for
production of superior quality dried products (Calvo er. af., 2011). The low
temperature and removal of about 97-98% moisture content and oxygen employed
in freeze drying process leads to production of superior quality products than
spray drying (Minemoto es al, 2001). The technology also ensures pood
rehydration properties of the powdered product. However. one limitation with
this technology is that it is an expensive process requiring high encroy consumption
and processing time. Compared to spray drying, freeze drving is upto 30-50 times
more expensive. Freeze drying produces microencapsulated powder with porous,
trregular, and [lake-like structure that can accclerate the oxidation process
(Heinzelmann er. al.. 2000: Anwar and Kunz, 2011}, Taking into consideration
the limitations of both freeze drying and spray drving. it can be concluded that
the freeze drying can be employed to encapsulate products that are highly sensitive
to heat.

Coacervation: Coacervation is the phase separation of one or many hydrocolloids
from the inital liquid solution and subsequent deposition of the newly formed
coacervate phase around the active ingredient (Gouin, 2004). There are iwo kinds
of coacervation - simple and complex. In case of simple coacervation. there will
be only one polymer whereas in complex coacervation, the interaction between
oppositely charged polymers is made use of (Wu and Xiao. 2005). Complex
coacervation is an expensive method for encapsulating food ingredients (Gouin,
2004) and is commonly employed for the encapsulation of high-value, labile
tunctional ingredients, such as polyphenol compounds. The biopolymers that are
widely employed in the complex coacervation process are gelatin or whey protein
and oppositely charged gum Arabic, sodium polyphosphate or carboxy methyl
cellulose. This method produces microcapsules that are having better and
controlled release activities along with heat resistant properties (Jun-xia ef al.,
2011). One limitation with this technology is that the coacervates produced are
stable over a narrow range of pH and ionic strength.




(4)

(6)

(7)
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Extrusion: Extrusion process imvolves mixing of the molwen wall material with
the core material which is then allowed to pass through a nozzle under high
pressure to produce microcapsules of lhigher density and less porosity (Sertert ef.
al . 2009). But the technology ts more expensive than spray drving and moreover.
the generation of high shear forces during the extrusion process allects the stability
of the microcapsule (Gouin, 2004).

In situ polymerization: /n situ polymerization is commonly used for the
preparation of microcapsules and functional fibers. The process doesn’t include
any reactants in the core material and polymerization occurs in the continuous
phase itsell. By adjusting pH and temperaturc. the wall material precipitates and
distributes evenly over the surfaces of core material. Particles produced by this
technology is found to have better encapsulation eificiency, good chemical, thermal
and storage stability and controlled release.

Liposome entrapment: Liposomes arc microscopic. spherical lipid bilayers that
can cnclose a number of aqueous compartments. The most commonly used
encapsulating agent in this method 1s phospholipids and they arc bio-compatible
and bio-degradable substances (Kim and Baianu. 1991). The formation of a hipid
bilayer 1s mainly attributed to the amphiphilic nature of phospholipids. These
liposomes can be used to encapsulate omega-3 [atly acids by dissolving them in
phospholipid betore addition of water. This mixture of phospholipid. omega-3
oil and waler 1s then sontcated to form encapsulated products and oil encapsulated
in liposomes is said to have better oxidative stability (Kubo er. ¢./. 2003). But the
Jimtation of this technology s 1ts high cost and low stability.

Fluidized bed drying: Fluidized bed drying is the method that is restricted mainly
to the encapsulation of solid core materials where a coating is applied on the
powder particles (Rumpler and Jacob, 1998). Hence this method cannot be used
for the direct encapsulation of fish oil, instead it can be considered as a secondary
method to provide an additional coating on the already microencapsulated fish
oil for better oxidative stability and physico-chemical properties.

Characterization methods for encapsulated particles

Microencapsulated oil produced by different encapsulation technologies using

wide variety of wall materials has to be characterized for studying its physico-chemical
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properties and its oxidative stabihiy. The tnportant paramcetens that hanve o be taken

mto account (or its characierization are described helow:

(1)

(2)

3

(4)
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Encapsulation efficiency The encapsulation efficiency (EL) is the ratio of oil
entrapped inside the wall material 1o the initial concentration used. For beiter
cricapsulation efliciency, the content ol surface oil. that is the oil that is not
entrapped inside the wall material, should be as low as possible. This is because
of the fact that the surface oil content remains unprotected and can casily undergo
oxidation, resulting in off-flavour generation and poor oxidative stability. For
safe storage and better oxidative stability, ideally the surface o1l content should
be less than 0.1% (w/w).

Encapsulation ctficicncy = (TO-SO/SOY* 100, Where. TO - Total a1l content; SO-
Surface oil content

Loading capacity (LC) Loading capacity is the measure of the amount of oil
encapsulated per unit mass of the encapsulation material.

1.C = (Mass ol encapsulated o1l / Mass of wall material)®* 100

Percentage yield (PY) The percentage yield (PY) is ameasurc o) the encapsulation
process to produce the encapsulated powders.

PY = (Mass of Joaded cncapsulation system/ Mass { oil and wall material
usedy* 100

Particle size The size of microcapsule has an important role in the oxidative
stability of the product and its size range should be of a uniform nature in order to
maintain the product consistency. The size of the microcapsules can be measured
using laser scattering or particle size imaging using microscopy. For the detailed
study of the morphology of microcapsules. high resolution imaging using electron
microscopy or confocal Jaser scanning microscope (CSI.M) can be used.

Bulk density and tapped density Bulk density and tapped density are important
parameters from an economic point of view. These two parameters play an
important role in the packaging, storage and transport of powdered products.
Based on these two paramecters, the flowability and cohesiveness of the
encapsulated material can be measured.




(6)

(7

(8)
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Moisture content The moisture content of the encapsulated powder plays an
important role in determining the Howability. stickiness. cohesiveness.
hygroscopicity and storage lite. The encapsulaton method adopted is also found
to have a profound influence on the moisture content. The maximum moisture
content allowed for dried powders of food industry application was found to be
around 3-4 %.

Hygroscopicity Hygroscopicity is the capacity of food to contain occluded
moisture and this can be affected by inherent product composition and the
concentration of the carrier material used (Ferrari el. al., 2012). This also plays
an important role in the product reconstitution since it can lead to caking and
thereby reducing dispersibility.

Oxidative Stability The main application of encapsulation technology is to protect
the bioactive material against oxidation by providing an oxygen barrier in the
torm of wall materials. Currently. a number of substances are being used as the
wall material for encapsulation depending upon the nature of substance to be
encapsulated and the type of encapsulation technology used. Oxidative stabihity
of the encapsulated powder 1s measured by storing the microcapsules under a st
of temperature and relative humidity for a delinite period and quantifying the
type and amount of oxidative products formed. There are ditterent methods
employed for the measurement of oxidative stability of the encapsulated powders.
Peroxide value, TBARS. acid value. propanal and rancimat test are some of the
commonly used tests to assess the oxidative stability of the product. The rancimat
analysis 1s one of the best ways to study oxidauon because of its case ot use and
less time when compared to the conventional oxidative stability indices (Velasco
et.al., 2000).

Other Indices Apart from this, many other characterizations are being used for
the encapsulated product such as Scanning Electron Microscopy measurements,
FTIR, Zeta potential, water activity, colour, true density, wettability. solubility, in
vifro release studies for complete analysis etc.

Conclusion

The potential of the encapsulation technique has greatly increased as the process

has become one of the best alternatives to improve the stability and functional attributes
of many biologically sensitive compounds. With the increasing interest in the

| 529 l



: \ - — 3 L g
Marine Nutrients tor |} ehtine l."r-:a’a'!.’.’_“H".’;‘(J_’?

development '

brication of natraceuticals, several topes of nascent and struciure
bioacuves has been developed. For the successtul delivery of these nutrients, special
delivery sastems have to be designed which will guarantee their release at the target
site as well as the overall stability of the final formulated product. Apart from this,
research should focus an the physico-chemical stability. dispersibiiity, bio-availability,
releasc und sulety ol such microencapsulated products before their commercialization,
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