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Microencapsulation: its application in nutrition
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The development of new functional foods requires technologies for incorporating health-
promoting ingredients into food without reducing their bioavailability or functionality. In many
cases, microencapsulation can provide the necessary protection for these compounds, but in all
cases bioavailability should be carefully studied. The present paper gives an overview of the
application of various microencapsulation technologies to nutritionally-important compounds, i.e.
vitamins, n-3 polyunsaturated fatty acids, Ca, Fe and antioxidants. It also gives a view on future
technologies and trends in microencapsulation technology for nutritional applications.

Microencapsulation: Functional foods: Bioavailability

DE, dextrose equivalent; PUFA, polyunsaturated fatty acidsCurrently, there is a trend towards a healthier way of
living, which includes a growing awareness by consumers
of what they eat and what benefits certain ingredients have
in maintaining good health. Preventing illness by diet is a
unique opportunity for innovative so-called functional
foods (Hilliam, 1996; Sheehy & Morrissey, 1998). These
products often present new challenges to the food
engineer. Existing and new ingredients need to be incorpo-
rated into food systems, in which they slowly degrade
and lose their activity, or become hazardous by oxidation
reactions. Ingredients can also react with components
present in the food system, which may limit bioavaila-
bility, or change the colour or taste of a product. In many
cases, microencapsulation can be used to overcome these
challenges.

Microencapsulation is the envelopment of small solid
particles, liquid droplets or gases in a coating (Thies, 1987).
Microcapsules are small (1–1000 µm) and can have many
morphologies. In general, one can distinguish between
mononuclear capsules, which have one core enveloped by
a shell, and aggregates, which have many cores embedded
in a matrix. The shell or matrix materials are usually
polymers. The many available technologies for microencap-
sulation can be divided into two categories, one which uses
a liquid as a suspending medium (complex coacervation,
interfacial and in situ polymerization or solvent evaporation
from emulsions) and one which uses a gas as a suspending
medium into which a liquid phase is sprayed (spray-drying
or spray-cooling, fluidized-bed coating or coextrusion).
There are a number of excellent reviews of the various
processes for preparing microcapsules (Thies, 1987;

Dziezak, 1988; Jackson & Lee, 1991; Shahidi & Han,
1993).

Microcapsules are also used in applications such as
carbonless copy paper, pharmaceuticals, pesticides and
scented strips. In the food industry the use of microencapsu-
lation to protect, isolate or control the release of a given
substance is of growing interest. Converting a liquid into a
powder allows alternative use of ingredients. One of the
largest food applications is the encapsulation of flavours. A
good general overview of encapsulated food ingredients is
given by Shahidi & Han (1993).

The present paper will focus on the use of microencapsu-
lation for nutritional ingredients: vitamins, polyunsaturated
fatty acids (PUFA), minerals, antioxidants, new functional
ingredients. The influence of the processing technology and
matrix materials used on the stability and bioavailability of
these ingredients will be discussed.

Vitamins

Both lipid-soluble (e.g. vitamin A, β-carotene, vitamins D,
E and K) and water-soluble (e.g. ascorbic acid) vitamins can
be encapsulated using various technologies. The most
common reason for encapsulating these ingredients is to
extend the shelf-life, either by protecting them against
oxidation or by preventing reactions with components in the
food system in which they are present.

A good example is ascorbic acid (vitamin C), which is
added extensively to a variety of food products as either an
antioxidant or a vitamin supplement (Kirby et al. 1991). Its
application as a vitamin supplement is impaired by its high
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reactivity and, hence, poor stability in solution. It can
degrade by a variety of mechanisms. Oxidation of ascorbic
acid is a free radical-mediated process, which results in a
series of reactive intermediates (for review, see Liao &
Seib, 1988). It is catalysed by transition metal ions and is
accelerated at neutral to alkaline pH. Furthermore, losses
due to enzymic or anaerobic destruction of vitamin C can
occur.

It is a true challenge to encapsulate water-soluble food
ingredients to protect them against deterioration during the
shelf-life of the food product in which they are used. It
is often difficult, using only food-grade ingredients, to
achieve a barrier which is good enough to prevent these
water-soluble compounds from leaking away into the food
system. The most obvious way to encapsulate these
compounds is by spray-cooling and spray-chilling. These
techniques involve dispersing the water-soluble ingredient
in a molten fat or wax and spraying this dispersion through
heated nozzles into a chamber at ambient temperature
(spray-cooling) or at refrigeration temperatures (spray-
chilling). If the chamber is at room temperature, the
encapsulation material has a melting point between 45
and 122°C. If the chamber is cooled, materials melting at
32–42°C can be used (Thies, 1987). The microcapsules are
insoluble in water and will release their contents when the
temperature of the food product is raised above the melting
temperature of the fat or wax. Thus, a kind of temperature-
controlled release is achieved. If the fat crystallisation
process during spray-cooling or spray-chilling is not
properly controlled, unwanted release properties or particle
softening can occur.

Another technique which can be used to encapsulate
water-soluble ingredients is fluidized-bed coating. Here the
dry water-soluble ingredient is suspended in an upward-
moving stream of air, which is temperature and humidity
controlled. A molten wax or fat is sprayed onto the particles
in order to obtain a coating around them. A review of this
technology was given by DeZarn (1995) and by Dewettinck
& Huyghebaert (1999).

For vitamin C encapsulation, both spray-cooling or spray-
chilling and fluidized-bed coating can be used when the
vitamins are added to solid foods, such as cereal bars,
biscuits or bread. For application in liquid food systems, the
best way to protect water-soluble ingredients is by encapsu-
lation in liposomes. Liposomes are single or multilayered
vesicles of phospholipids containing either aqueous-based or
lipophilic compounds. A review of their structure and appli-
cations in food is given by Reineccius (1995). Application of
liposomes in foods is possible if no organic solvents are
used, e.g. using the dehydration–rehydration procedure
described by Kirby & Gregoriadis (1984). Kirby et al. (1991)
have found that ascorbic acid incorporated in liposomes
exhibited a half-life of 100 d compared with a pure solution
of ascorbic acid with a half-life of 18 d (4°C). Also, reactions
with other components present in food systems may be
avoided by inclusion of ascorbic acid in liposomes.

Lipid-soluble vitamins such as vitamin A, β-carotene and
vitamins D, E or K are much easier to encapsulate than
water-soluble ingredients. A commonly-used procedure is
spray-drying of emulsions (Kowalski et al. 2000). Spray-
drying is the industrial method of choice for encapsulation

of oil-based compounds such as flavours, vitamins and fatty
acids (Ré, 1998). In a typical process all matrix materials,
such as gum arabic and maltodextrin, are hydrated in water
and the oil-based substance is added while stirring. This
mixture is subsequently homogenized to form an emulsion.
The emulsion can then be spray-dried to yield a powder.
Such a powder typically contains 1–50% (w/w) oil. Recent
patents describe methods to incorporate more lipophilic
substances such as vitamins in a powder (Boyle & Chang,
1999; Stroh et al. 2000). These microencapsulated vitamins
are often used to prepare tablets. The type of matrix material
used can strongly influence the tablet properties (Stroh et al.
2000) and the oxidation stability of the encapsulated
compounds (Schrooyen et al. 2000). The stability against
oxidation is related to the O2-permeability of the matrix
(Baisier & Reineccius, 1989; Goubet et al. 1998). The
diffusion of gases such as O2 through the capsule wall
depends on the state of the polymer mixture composing the
capsule. At low water activity and temperature most
polymers are in a solid glassy state, and gas diffusion is
limited. At higher water activity and temperature, above the
so-called glass-transition temperature, materials change into
a liquid-like rubbery state, permitting molecular diffusion.
Several approaches exist to predict glass-transition tempera-
tures in complex biopolymer mixtures (Gordon & Taylor,
1952; Couchman & Karasz, 1978; Matveev et al. 2000). In
our laboratory orange-peel oil was encapsulated in four
different matrices by emulsion spray-drying: gum arabic,
gum arabic–maltodextrin, caseinate–maltodextrin, a plant
polysaccharide (Schrooyen et al. 2000). Orange-peel oil
mainly consists of limonene, which is easily oxidized.
Oxidation products, such as limonene-1,2-epoxide and
carvone, can be quantified using GC. In an accelerated
shelf-life test (37°C) it was found that the plant poly-
saccharide resulted in at least six times less limonene-1,2-
epoxide than the other matrices, which indicated that O2
transport through this biopolymer film is much slower than
that through the other material types. We are currently
investigating further the physical properties of this
polysaccharide.

De Man et al. (1986) found an increase in vitamin A
stability on storage of vitamin A-enriched non-fat dried milk
when microencapsulated vitamins were used. The micro-
capsules used were commercial samples, and no details are
given of their preparation method. Wagner & Warthesen
(1995) reported the influence of the addition of various
maltodextrins on the stability of β-carotene in spray-dried
carrot juice. The hydrolysed starch was mixed with carrot
juice and then spray-dried. Addition of maltodextrins
increased the shelf-life of carrot powders up to 220-fold
compared with carrot juice spray-dried alone. A higher
dextrose equivalent (DE) of the maltodextrins used resulted
in better protection. This finding is consistent with the
results of a study on the protection by maltodextrins against
oxidation of orange oil (Anandaraman & Reineccius, 1986).
High-DE maltodextrins are however hygroscopic, which
can result in poor powder properties. Mixing low-DE malto-
dextrins with glucose, galactose or lactose to obtain a 25 DE
maltodextrin resulted in an increased shelf-life of encapsu-
lated trans-β-carotene when compared with commercial 25
DE maltodextrin (Desobry et al. 1999).
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n-3 Polyunsaturated fatty acids

n-3 PUFA have been identified as essential to human
subjects during the whole of their lifetime, as a result of the
pioneering research of Bang & Dyerberg (1972) on the
Greenland Eskimos. A high intake of PUFA is associated
with a low incidence of CHD and a reduced risk of cancers
(Wallace et al. 2000). In a large part of the Western world
consumption of fatty fish is too low to meet recommenda-
tions by, for example, the British Nutrition Foundation Task
Force (1992). Thus, enrichment of food with fish oil has
been studied intensively as an acceptable and effective
means of increasing the levels of n-3 PUFA in the general
population. However, n-3 PUFA are also prone to oxidation
because of the high number of unsaturated double bonds in
the fatty acyl chains. This factor limits their shelf-life to 6
months, when stored at 4°C in closed containers under N2.
Encapsulation by emulsion spray-drying has been used
successfully to increase the shelf-life of this type of ingre-
dients, and allows their use in a large variety of foods such
as infant formulas and bread mixes (Andersen, 1995).
Andersen (1995) reports that a layer of starch is added to the
particles while spray-drying in order to prevent them from
clinging together during the final drying step. The influence
of various process variables on oxidation during the emulsi-
fying and drying stage is not known.

It was demonstrated in two recent studies that consuming
food enriched with microencapsulated fish oil obtained by
emulsion spray-drying was as effective as the daily intake
of fish oil gelatine capsules in increasing dietary levels of
n-3 long-chain PUFA (Higgins et al. 1999; Wallace et al.
2000). This finding indicates that the bioavailability of n-3
PUFA added to the food matrix is maintained by microen-
capsulation. It was also found that the shelf-life of the fatty
acids could be increased to more than 2 years by micro-
encapsulation (Andersen, 1995). Kolanowski et al. (1999)
studied the possibilities of enriching certain food products
with n-3 PUFA. Microencapsulated fish oil (ROPUFA ‘10’
n-3 eicosapentaenoic acid powder; Roche, Basel, Swit-
zerland) was used to enrich instant powdered-milk-based
protein–carbohydrate formulas, flavoured with cocoa or
strawberry and without extra flavours. Up to 18% (w/w)
microencapsulated fish oil was added (1·8% (w/w) PUFA).
Palatability of 3–6% (w/w) enriched samples (0·3–0·6%
(w/w) PUFA) stored for 6 months was good throughout the
storage time.

Minerals

Iron

From a nutritional point of view Fe is one of the most
important elements, and its deficiency affects about one-
third of the world’s population. The best way to prevent this
problem is through the Fe fortification of food. However,
the bioavailability of Fe is negatively influenced by inter-
actions with food ingredients such as tannins, phytates and
polyphenols. Moreover, Fe catalyses oxidative processes in
fatty acids, vitamins and amino acids, and consequently
alters sensory characteristics and decreases the nutritional
value of the food. Microencapsulation can be used to
prevent these reactions, although bioavailability should be

checked carefully. The bioavailability of readily water-
soluble Fe salts such as FeSO4 or ferrous lactate is higher
than that of poorly water-soluble (e.g. ferrous fumarate) or
water-insoluble (e.g. FePO4) Fe. Suitable encapsulation
techniques depend on the water solubility of the compound.
Liposome technology is the method of choice for Fe
fortification of fluid food products. An Fe bioavailability
study on milk enriched with FeSO4 encapsulated in a
lecithin liposome has been conducted (Boccio et al. 1997;
Uicich et al. 1999). Heat treatment and storage for 6 months
did not result in decreased Fe bioavailability of the
Fe-fortified milk. Bioavailability was similar to absorption
of Fe from high-bioavailable FeSO4.

Calcium fortification

Soya milk contains much less Ca (12 mg/100 g soya milk)
than cow’s milk (120 mg/100 g cow’s milk), which is unde-
sirable from a nutritional point of view. Attempts to fortify
soya milk with Ca salts (calcium triphosphate and calcium
citrate) have been unsuccessful because this process causes
the soyabean proteins to coagulate and precipitate
(Weingartner et al. 1983). By encapsulating the Ca salt
(calcium lactate) in a lecithin liposome it was possible to
fortify 100g soya milk with up to 110 mg Ca, thereby
reaching levels equivalent to those in normal cow’s milk
(Hirotsuka et al. 1984). The soya milk remained stable at
4°C for at least 1 week. It would be desirable to know how
stable a fortified long-shelf-life soya milk would be, and
how the Ca bio-availability of soya milk compares with that
of cow’s milk.

Antioxidants

Ascorbic acid is often used as an antioxidant in foods. By
putting it in a liposome together with vitamin E, with which
ascorbic acid can have a synergistic antioxidant effect,
it could be used for protection of emulsion-type foods
(Reineccius, 1995). Vitamin E is incorporated into the
liposome wall (Berrocal & Abeger, 1999), whereas the
ascorbate is entrapped in the aqueous interior. This system is
then used as an emulsifier in an emulsion, and adsorbs at the
water–oil interface. In this way the antioxidants are targeted
at the site where oxidative reactions generally occur
(Pothakamury & Barbosa-Cánovas, 1995).

Complex coacervation: an old technology for new
applications

Complex coacervation is an interesting encapsulation tech-
nology which has been used extensively in non-food and
pharmaceutical applications over the past 50 years. The
largest application used to be in carbonless copy paper. The
phenomenon can occur when two oppositely-charged
polymers form a soluble electrostatically-bound complex
(Bungenberg De Jong, 1949; Voorn & Overbeek, 1957). It
can be used to encapsulate water-insoluble ingredients to
increase shelf-life, to allow alternative processing, to control
the release of the encapsulated component or to mask the
taste of it (Schmitt et al. 1998). Generally, a protein and a
polysaccharide are used to form complexes. Gelatine is
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often used as a protein. Commercially-used polysaccharides
are gum arabic and carboxymethylcellulose. Givaudan
(Vernier, Switzerland) uses it for special flavours to protect
them against shear or temperature. Complex coacervation is
usually considered an expensive method for encapsulating
food ingredients, but this factor should be related to the
benefits it could offer, especially to high-value, labile
functional ingredients. Possible nutritional applications
could be taste masking of unpleasantly-tasting health-
promoting compounds or protection of, for example,
phytosterols against degradation during processing.

Research in our laboratory is focusing on understanding
the interactions between biopolymers. For encapsulation
purposes we are looking for alternatives to gelatine in
complex coacervation. We have developed fast screening
tools which can be used to identify the pH region in which a
certain biopolymer combination forms complexes, and what
the influence of salt:biopolymer is on the interactions. The
use of complex coacervation in the field of functional foods
is expected to increase in the near future.

Future trends

Many companies and research institutes are looking for new
ingredients with possible health benefits. Phytochemicals,
wood-derived ingredients such as phytosterols, pro- and
prebiotics, new types of carotenoids, trace minerals and
polyphenols are examples of such ingredients. Many of
these ingredients are or will be available in a purified form
within the next 10 years. Adding them to food systems will
often require technological innovations. Microencapsulation
will certainly play an important role in this process,
although it will always make an ingredient more expensive
to use and bioavailability should always be considered
carefully.
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