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Abstract: Microencapsulation is a process in which tiny par-
ticles or droplets are surrounded by a coating or embedded in
a homogeneous or heterogeneous matrix, to generate small cap-
sules in size range from a few to few thousand micrometers. The
material inside the microcapsule is referred to as the core, in-
ternal phase, or fill, whereas the wall is sometimes called shell,
coating, wall material, or membrane.It has found application in
various industries to encapsulate a wide array of products such as
pharmaceuticals, flavourings, volatile oils, enzymes, and in pro-
cesses such as fermentation or environmental decontamination.
This article presents some types of microcapsules and their ad-
vantages as well as examples of their use in pharmaceutical and
food industries.

1. Introduction

Microencapsulation is a relatively new method of immobilization of the active sub-
stance which has already had found a lot of applications in many branches of industry.
This versatile technology has been used to encapsulate a wide range of products such
as pharmaceuticals, flavourings, volatile oils, plant extracts and enzymes. It has
found application in various biotechnological processes like probiotic encapsulation
in food industries, in biotransformation and fermentation processes producing antibi-
otics, enzymes, organic acids and alcohols as well as in protecting the environment
to decontaminate wastewater. Microencapsulation is defined as a process in which
tiny particles or droplets are surrounded by a coating or embedded in a homogeneous
or heterogeneous matrix, to generate small capsules ranging in size from a few to a
few thousand micrometers (Teipel, 2005). The material inside the microcapsule is
referred to as the core, internal phase, or fill, whereas the wall is sometimes called
a shell, coating, wall material, or membrane. A solution similar to microcapsules is
microspheres (1-1000 µm). In contrast to microcapsules, these are not enclosed but
incorporated in a polymer matrix. Microencapsulation of different substances may
serve many purposes, such as:
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• possibility of controlled release of the core, which may be present as a gas, a
liquid or a solid phase, from the microcapsule’s interior,

• protection of the core material against damaging effects of external factors (hy-
drolysis, decomposition by UV radiation, humidity and many others),

• reduction of the volatility of easily volatilized compounds, or separation of indi-
vidual components which could adversely affect each other in the final product
(Teipel, 2005).

Depending on the core properties, wall composition and technique used, different
kinds of microcapsules can be obtained (Fig. 1): single-walled spherical microcapsule,
microcapsule with irregular shape core, several distinct cores within the same capsule,
multi-walled microcapsule, several core particles embedded in a continuous matrix
of wall material (Gharsallaoui et al., 2007). An important aspect of microcapsules
preparation is the choice of a suitable wall material, duly matched to the internal
phase. For example, water-soluble polymers make popular shells for encapsulation of
non-polar organic substances, while water-soluble compounds are locked in insoluble
polysaccharides.

2. Applications of microcapsules

As previously mentioned, microencapsulation can be used in many different industries.

2.1. Pharmaceutical industry

Drug forms with controlled release offer many advantages over the traditional drug
forms. On one hand, microcapsules stabilize and protect the encapsulated drug from
too rapid inactivation in patient’s organism, on the other, allow its release in con-
trolled amounts. This ensures maintenance of a continuous, optimal therapeutic ef-
fect. What’s more, this form of the drug reduces the need for multiple dosing, in-
creasing patient’s convenience. One example of such medicinal preparation is Lucrin
Depot§, which consists of lyophilised polymer microspheres made from lactic acid.
The core contains leuprolide acetate –an analog of gonadotropin-releasing hormone
– and is used in the treatment of prostate cancer, breast cancer and endometriosis.

Fig. 1. Various forms of microcapsules
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Tab. 1. Medicinal products based on microencapsulation admitted to trading in
Poland (Szymańska, 2009)

Medicinal
product

Form
Active
substance/
Dosage [mg]

Polymer Application

microspheres

Sandostatin
LAR

§NovartisPharma
Microcapsules
for suspension

Octreotide
acetate 10 20 30

PLGA-glucose
& Acromegaly

RispoleptConsta
§Janssen Cilag

Ltd.

Microcapsules
for suspension

Risperidon 25
37,5 50

PLGA
Schizophrenia
and other
psychotic
disorders

microcapsules

M-Eslon §
Ethypharm-
Industres

Capsules with
sustained
release

microcapsules

Morphine
10
30
60
100

Ethylcellulose
To relieve pain
in cancerous
disease

ProbioStick
§Olimp

Sachet with
microcapsules

Probiotics
3 mld bacteria
& Maltodextrin

Gastrointestin-
al disorders

Lucirin Depottextregistered , in slury form, is applied intramuscularly or subcuta-
neously once every 28 days (Szymańska, 2009). Microspheres are produced using the
emulsion method, in which the aqueous solution of the polymer and closed active
substance are connecting with the organic phase by means of suitable surfactant, cre-
ating an oil-in-water emulsion (substances with hydrophobic character) or water-in-oil
(hydrophilic substances). Both phases of the emulsion should be chosen so that they
have very little affinity for each other. For polymers sensitive to water (e.g. polyan-
hydrides) it’s possible to miss out the aqueous phase, suspending organic solution of
the polymer in the oil phase. Sometimes it is necessary to prepare multiple emulsions,
especially when the drug does not dissolve in the polymer solution. Microspheres are
formed by removing solvent by extraction or evaporation, dilution with water, or by
adding a cross linking agent (Szymańska, 2009). Unfortunately, this method is not
free from drawbacks. The presence of organic solvents or the interaction between the
solvent and aqueous phases may contribute to inactivation of the active substance.
Complete removal of the solvent residues from the surface of the microspheres might
also be a problem. Tab. 1 shows other examples of the use of microcapsules and
microspheresin medicinal products.

2.2. Food industry

Although in the pharmaceutical and cosmetic industries these methods have been well
known and widely used for many years, in the food industry the use of microcapsules
provides new solutions. Various substances can be encapsulated, including dyes, aro-
matic substances, vitamins, antioxidants, minerals, leavening agents, sweeteners and
enzymes.

Natural dyes are susceptible to degradation due to oxidation, are usually poorly
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soluble and their crystalline forms easily agglomerate and emit dust. Dyes enclosed in
a microcapsule shell, e. g. β-carotene, have extended durability, improved solubility
and resistance to physical or chemical factors as well as being easier to dispense.
For example, microencapsulation with gum Arabic and saccharose, achieved by spray
drying, results in ten times higher resistance to photodegradation (Dłużewska, 2008).

Vitamin E is a natural antioxidant often used in products containing unsaturated
fatty acids. Its action is enhances by ascorbic acid, which is involved in the regen-
eration of the oxidized form of vitamin E. A barrier to utilising this mechanism is
the difference in the solubility of the vitamins (vitamin E is fat soluble, vitamin C
is better soluble in water). Therefore, the solution can be provided by vitamins mi-
croencapsulated in liposomes (ascorbic acid in the core, vitamin E in phospholipid
bilayer).

Liposomes as an alternative method of microencapsulation can be also used for
enclosing enzymes.Hydrophilic substances can be encapsulated in the core, while the
hydrophobic ones, in the phospholipid bilayer. The composition of the fatty fraction
and the bubble size have a significant effect on the permeability, stability and activity
of the surface of liposomes. An example of liposome use is the production of cheddar
cheese, in which a microencapsulated enzyme –neutrase – is used. This reduces the
required amount of enzyme hundred-fold and cuts the time of cheese ripening by half.
Microencapsulated neutrase is added to milk, where the release of the enzyme is due
to changes in pH, temperature and salt concentration. In addition, the gradual release
of the enzyme allows for controlling of the rate of casein hydrolysis, with beneficial
effects on the texture of the cheese and its flavour characteristics (Dłużewska, 2008).

An area that has rapidly expanded in recent years is administration of probiotic

Fig. 2. Microcapsules observed during air drying, produced by extrusion of a 2% algi-
nate solution into calcium chloride solution followed by hardening and drying
for 24 h at room temperature. Imaged by scanning electron microscopy (Cook
et al., 2012)
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bacteria as nutraceuticals. Many of health promoting functions of bacteria depend
on cell viability and their corresponding numbers in the intestinal tract. Oral ad-
ministration of most bacteria results in a large loss of viability associated with the
passage through the stomach, which is attributed to the high acid and bile salt con-
centrations, which greatly reduces the effectiveness of the supplements(Cook et al.,
2012). Therefore, creation of polysaccharide or protein microcapsules containing live
bacteria (e. g. of the genera Bifidobacterium or Lactobacillus) might be a way to
extend their survival, as well as an opportunity to control the release of these cells
across the gastrointestinal tract. This application is still under investigation, so the
effectiveness of encapsulated probiotics is still debatable.
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