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The process of spray drying consists of the transformation of a product in fluid form to the solid state in
the form of powder. This is done through the dispersion of droplets from the product inside a chamber,
in contact with hot air. In this process, substances known as carriers or encapsulating agents can be
added, aiming at facilitating or even allowing the drying of certain products. The objective of this review
was to approach the most important technological aspects of the drying by technique for the food
industry, as well as showing the potential of using a spray dryer in the micro-encapsulation of bioactive

substances.
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INTRODUCTION

The spray drying techniques, known as spray dryer or
aspersion, was first used in the middle of the nineteenth
century, when the process of drying eggs was patented,
more specifically in 1865. Its use in industrial scale dates
back to the 1920s, and the first items produced through
this process were milk and washing powder. From
thereafter, its use was disseminated throughout the
processing industries in general, with a wide application
in the food, pharmaceutic and chemical industries
(Silveira et al., 2013).
The process of spray drying consists in transforming a

product from fluid to a solid state in the form of powder,
through the dispersion of the product’s droplets inside a
chamber, where it gets in contact with hot air (Rodriguez-
Hernandez et al., 2005). Spray drying results from
application of energy, which acts on the liquid to the point
of causing its rupture and disintegration, in order to divide
it into millions of individual particles, thereby creating a
mist or spray of droplets (Finney et al., 2002). The main
advantages of this type of drying process are its high
yield and a reduction of the product of exposure time to
high temperatures. This, in turn, reduces the thermal
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damage caused to the product. As a result, the spray
dryer has become the main equipment for drying fluid
products which are sensitive to heat, such as food and
biological items (Rodriguez-Hernandez et al., 2005).
Besides that, the product exits the drying chamber ready
for use, eliminating the need for further processing, such
as grinding (Matioli and Rodriguez-Amaya, 2002).

The objective of this review is to describe the most
important technological aspects of drying by spray drying
for the food industry, as well as showing the potential of
using the spray dryer for the micro-encapsulation of
bioactive and functional substances.

FUNCTIONING OF THE SPRAY DRYER

The group of techniques comprising the standard spray
dryer equipment consists of: 1) a system of spray drying
of the material; 2) a system of heating and controlling the
temperature of the drying air; 3) a system of pumping and
controlling the flow of input of the material to be dried; 4)
a system of inputting air to be dried; 5) drying chamber
and 6) system of separating air — dried powder (Silveira
et al., 2013). The process can be described as the
pumping of the solution or suspension into the atomizer
(phase 1), where it is sprayed in the form of a mist of
droplets (spray) into the drying chamber (phase II), where
the evaporation of the solvent occurs. That describes the
drying process through hot air, transforming liquid drops
into solid particles (phases Ill and V), which are collected
in the cyclone filter or another dust collecting system
(phase V) (Filkova and Mujumdar, 1995).

The efficiency of spray drying is related to the principle
of increasing the contact area between the material to be
dried and the drying agent, or hot air. Thus, it is
necessary to provide an energy that is used for the
production of a drying agent and at a temperature
sufficient to cause vaporization of the liquid product
(water) and absorb any moisture (Sokhansanj and Jayas,
1995).

One of the critical points of the process is to spray the
product into the chamber, as the particle size which is
obtained in the dried product is directly related to the
size, distribution, and velocity of the trajectory of droplets
formed during the spray the wet product. In spray drying,
the solution or suspension is introduced in contact with
air under pressure, creating a mist which is sprayed
inside the drying chamber. The atomizer must be capable
of creating droplets of uniform size, homogeneous and
have a low energy (Moreira et al., 2009).

In the drying chamber, the solution/suspension is mixed
with the drying gas and there is a subsequent
evaporation of the solvent. Therefore, two events occur
simultaneously inside the drying chamber: the
transference of heat and mass. After obtaining the dry
particles, these are separated from the drying air
(Dashiel, 1989).
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Types of atomizers

The atomizers/sprayers can be of three basic types:
pressure nozzles, double piston and centrifugal atomizer.
The distribution and size of the particles are related to the
size of droplets formed by the aspersion process.
Therefore, the choice of the sprayer is fundamental
(Vissoto et al., 2006).

In the pressure atomizer, the material is pumped into
the nozzle at a high pressure and it is forced to pass
through a very narrow orifice. Therefore, the use of
special high pressure pumps and abrasion resistant
material are essential in the composition of the nozzle.
From an energy point of view, the pressure atomizers are
the most economic, however these tend to suffer from
clogging (Finney et al., 2002).

In the pneumatic fluid atomizer a lower spray pressure
is applied to the input. In this case, the liquid material is
ruptured by the shearing force generated by the
difference in speed between both fluids: air and product.
This system has a higher energy demand, however it is
used due to its versatility, and high control of the size and
uniformity of droplets. It is often used in small drying
operations and when using a more viscous input material
(Sokhansanj and Jayas, 1995).

The centrifugal atomizer, or rotating disc, is basically a
disc that turns at the extremity of an axis, where the liquid
material is injected and accelerates radially, pulverizing
the input in the drying chamber (Figure 1). There are
various variants of the disc project that provide a wide
range of droplets sizes, therefore these are more widely
used in industrial projects (Filkovd and Mujumdar, 1995).

Direction of materials

Materials in the spray drier can occur in three different
ways: concurrent, counter-current or as a mixed flow
process. In the concurrent, the pulverized liquid material
and the drying air share the same direction inside the
equipment; that is, the input material and air go in from
above, and also leave from the lower part of the dryer.
This direction of flow exposes the drops to much higher
temperature of the drying agent, when compared to other
types of flow, causing a fast evaporation. Therefore, this
characteristic can lead to products with low particle
density and hollow structures (Sokhansanj and Jayas,
1995).

In the counter-current drying, the liquid material and the
drying air have opposed outflow directions inside the
chamber. This process exposes the particles that are
almost dry to higher temperatures, which can result in
extremely dry products (Silveira et al., 2013).

In the mixed drying process, the material is atomized in
an ascending direction, whereas the air is inputted from
above, with a totally descendent circulation inside the
chamber. This means that the atomized material initiates
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Figure 1. Centrifugal atomizer or rotating disc. (Oliveira and
Petrovick, 2009)

ascendant movements, but alters its direction to
descendent after being dragged by the air. Both leave the
equipment by the lower area. The mixed drying process
is desired when the size of the chamber is limited (Finney
et al., 2002).

Gas flow of the process

The amount of gas in the drying chamber should be
abundant, as in any type of drying process in a gas
suspension system. The heating by direct combustion of
natural gas is the most commonly employed, as it
presents more efficient results. Propane and fuel oil are
used when there are limitations in the use of natural gas.
Centrifugal industrial ventilators are used to move gas
through the system (Sokhansanj and Jayas, 1995).

Recovery of the product in powder form

There are three systems available for recovery of
powder: filters in the form of bags (sleeve filters),
collecting cyclones and wet scrubber (electrostatic
precipitators). The filters in the form of bags have a
recovery efficiency of approximately 99.9%, but the
disadvantage is that this option is difficult to handle and
clean. The collecting cyclones have an efficiency rate of
around 99.5% and can be arranged in series, which
increases its efficiency. In this case, dry particles rotate in
spiral form in the direction of the base of the cyclone,
where they are collected in a jar. The wet scrubber is the
most economic method. The principle behind its
functioning is to dissolve the powder particles contained
in the flow of air in water or submit this flow to a moisture
content flow. This is used for environmental reasons, to
avoid the emission of particles in the air (Matioli and
Rodriguez-Amaya, 2002).

The spray dryer also allows its direct association with
other drying or post-drying methods, such as granulation

and/or agglomeration. For example, often in the case of
making instant products, after drying in the spray, the
material is agglomerated in a fluidized surface, as in the
case of addition of lecithin to powdered milk, intended to
improve its solubility (Moreira et al., 2009).

The instantaneousness is an important factor that
should be considered in the elaboration of powdered
products, since the exposure of products to heat can lead
to the formation of insoluble materials, which are
undesirable especially for post-instantaneous products
(Dashiel, 1989).

Soy lecithin is a substance with lipophilic and
hydrophilic properties and that can be used to cover the
surface of powder particles, literally serving as a link
between the fatty matter and the water, that way
facilitating the dispersion of the product in an aqueous
media (Vissoto et al., 2006).

As the fatty acid part of lecithin is soluble in oil and the

phosphate-choline is soluble in water, it justifies the
intrinsic characteristic of the lipophilicity and hydrophilicity
molecule. On the other hand the phospholipids, given
their tendency to form skins or films around the solid or
semi-solid particles when in contact with liquids, avoid the
formation of lumps, keeping the dispersion stable
(Vissoto et al., 2006).
According to Dashiel, (1989), lecithin can be applied in
different forms, aiming at obtaining the desired technical
effect. They can be applied in their pure form or, when
the technique of fluidized surface is used, both pure or in
solution.

The main disadvantage of drying in a spray dryer is its
high energy consumption, caused by the need to provide
specific heat for evaporation in a short period of time,
besides losing a considerate amount of heat with the
exhaustion of air (Filkova and Mujumdar, 1995).

INFLUENCES OF VARIABLES ON DRYING

Aspects for the type and size of the nozzle atomizer, as
well as the conditions of its operation, such as the
rotation speed of the atomizer disc, the temperature of
the air when entering the drying chamber, the flow of
feeding, as well as the physical properties of the material
to be atomized, will all influence the process and interfere
in the quality of spray drying. This, in turn, can result in
undesirable phenomena, such as agglomeration of the
product on the equipment walls, a burnt final product and
non-uniform size of particles. These phenomena directly
alter the quality of the hydrolysate product obtained,
affecting its physical-chemical and even its sensorial
characteristics, besides reducing its yield (Sokhansan;j
and Jayas, 1995).

During the drying process, certain properties such as
colour and taste can be affected, not only due to the
properties of the initial material (composition, concen-
tration, viscosity, among others), but also due to the



conditions of the process (temperature of air when
entering chamber, flow of feeding solution, speed of
spray drying, aspiration rate, among others). The outflow
temperature of the product is influenced by a combination
of parameters, namely, the inflow temperature in the
equipment, speed of spray drying of solution and rate of
product aspiration. The difference between the inflow and
outflow temperature of the air affects the content amount
of residual moisture of the product — an excessively high
difference in temperature results in a product with high
residual moisture content, which could compromise its
stability (Moreira et al., 2009).

A high rate of aspiration results in a lower period of
residence and high degree of separation on the cyclone,
but can result in high residual moisture content. Higher
rates of spray drying generally result in smaller particles,
and higher feeding flows of the solution result in lower
temperatures of air outflow. The feeding speed must be
adjusted so that the liquid present in the drops can
evaporate before they get into contact with the drying
chamber walls. Excessive feeding speed leads to a
decrease in the outflow temperature and an accumulation
of material on the chamber walls (Oliveira and Petrovick,
2009).

The drying air inlet temperature is the same
temperature as the liquid sprayed will vaporization of
water. It can influence the drying efficiency, the amount of
water was removed, the residual water content and final
product properties achieved because she together with
the feed and the drying air flow, are responsible for the
evaporation of water and drying. As regards the outlet
temperature that is derived from the inlet temperature of
the drying gas flow, feed flow, the solvent evaporation
enthalpy, the amount of solids in the liquid product, etc.
This interdependence of the variables is what makes the
process of controlling a complex issue (Cal and Sollohub,
2010).

The outflow temperature is one of the most important
parameters of the drying process in a spray dryer, as it is
the highest temperature to which the dry product will be
heated, directly influencing its final properties. It is the
control reference of the dryer. As in the process of the
spray dryer, the temperature inside the chamber drops
markedly due to the high exchange of heat involved. At
approximately half way through the chamber the
temperature is already constant, and will be equal to that
of the outflow. This outflow temperature is commonly
measured between the drying chamber and the cyclone
(Cal and Sollohub, 2010; Gharsallaoui et al., 2007).

The feeding flow is determined through the evaluation
of the outflow air temperature and the inspection of the
walls of the drying chamber. If the temperature of the
incoming air remains constant, for example, a decrease
in the feeding rate of the liquid will result in an increase in
the temperature of the outflow material (Oliveira and
Petrovick, 2009). That way, the conditions of the opera-
tion must be rigorously controlled, as it has a significant
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impact on the quality of final product.

Apart from the conditions of the operation, it is
important to highlight that the final characteristics of a
product in powder form, obtained through a process of
drying by spray dryer, also depend on the type of initial
raw material used, as well as on the characteristics of the
atomized liquid (solids content, particle size and
viscosity). That way, it is important that all these variables
are investigated, in order to obtain products with the
desired parameters and characteristics (Silveira et al.,
2013).

Another important aspect that should be controlled is
the disposition of particles inside the drying chamber.
Products with a high quantity of low molecular weight
substances present a high molecular mobility in relatively
low temperatures, which confers a sticky nature to the
obtained powders (Jaya and Das, 2009).

Therefore, drying certain food items with high sugar
and fat contents through the spray dryer technique is
difficult, causing high operational costs and low yielding
of the final product, giving rise to sticky products. The
stickiness is related to the low glass transition
temperature (Tg) presented by these types of products.
With this, when exposed to low drying temperatures, they
are subjected to transformations, from a glass to a
gummy state. Therefore, the post-result of drying will
show a higher interaction with water (increase of
hygroscopicity), higher cohesion between the patrticles,
and a higher adhesion. Therefore, they can adhere to the
chamber walls during drying, leading to low yielding and
operational problems (Finney et al., 2002).

The glass transitional temperature is specific to each
type of material, and it is where the change from a glass
state changes to the gummy state, affected by three main
factors: the plasticizer material, the molecular mass, and
the product composition. The sticky phenomenon occurs
at 10-20°C above Tg. With that, the addition of
substances that increase the Tg in the material can
cause the increase of temperature where the stickiness
takes place (Moreira et al., 2009).

In order for the process to be economically and
technically viable, it is necessary to add carrying agents,
known as drying aids, which cause the increase of the Tg
in the material to be atomized. These additives should be
of a foodstuff status, have a high molecular weight and a
high glass transition temperature (Jaya and Das, 2009).

Besides increasing Tg and reducing the hygroscopicity
of the powder, these additives allow for a better handling
of the product, protecting the sensitive components of the
foodstuff against undesirable environmental conditions. It
avoids the adsorption of moisture quantity from the
environment and masquerading or preserving the
flavours and aromas, besides reducing the volatility and
reactivity and providing an additional attractiveness to
foodstuff (Ré, 1998). Table 1 presents operational drying
conditions by spray dryer, used in some studies. The
inflow temperature varies from 120 to 190°C, and the
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Table 1. Operational conditions of drying by spray dryer, used in certain studies.

References Product Carrier

Drying conditions

Abadio et al. (2004) Pineapple Juice  Maltodextrine

Quek et al. (2007) Watermelon

Georgetti et al.

(2008) Soy extract

Tonon et al. (2008) Acai 30%)

Black cherry

Ferrari et al. (2012)
pulp

Maltodextrine (concentrations of 3 and 5%)

Colloidal silicon dioxide,
maltodextrine and starch

Maltodextrine (concentrations of 10 to

Maltodextrine (5, 15 and 25%)

Input temperature: 190°C
Output temperature: 90°C
Speed of aspersor: 25.000 rpm
Feeding rate: 0,18 kg/min

Input temperatures: 145, 155, 165 and 175°C.
Output temperature: 94,7 to 112,7°C

Feeding rate: 600 L/h

Pressure: 4,5 bar

Input temperature: 150°C
Feeding rate: 4 g/min
Fluxo de ar: 0,0227 kg/s
Pressure: 1 bar

Input temperature: 138 to 202°C
Feeding rate: 5 to 25 g/min

Air flow: 73 m3/h

Pressure: 0,06 Mpa

Input temperature: 160 and 180°C
Feeding rate: 7 g/mim

Air flow: 35 m¥h

Compressed air flow: 473 L/h

maltodextrin appears as the most commonly used carrier.
The carrying agents are also capable of providing a good
retention of the volatile compounds in products during
drying. The volatile compounds are, in great part,
responsible for the aroma and flavours of the products,
and its maintenance after drying is fundamental to the
application of the product as a palatability-enhancer
(Table 1).

Frascareli et al. (2012), in their study about drying
hydrolysate protein clams performed the analysis of the
samples’ volatile profiles and identified that samples with
higher carrier content showed a lower loss of volatile
compounds, confirming the protective effect of these
substances in the product’s aroma.

Many studies were performed using spray drying for
drying protein hydrolysate from different sources. Silva et
al. (2012) used the spray dryer as a drying technigue for
protein hydrolysate produced from chicken breast meat.
They evaluated the effect of the conditions in the process
on the physical-chemical characteristics of the product.
The results show that the concentration of maltodextrin,
as well as the drying temperature directly influenced the
yielding of the hydrolysate. The moisture content of the
final product suffered the influence of the drying
temperature and the feeding flow. The authors observed
that the higher temperatures and lower feeding flows

reduce the moisture content of the hydrolysate.

Ferrari et al. (2012) and Kurozawa et al. (2011)
performed a study of the enzymatic hydrolysis and drying
processes by spray dryer to obtain powdered chicken
breast protein hydrolysate. The authors observed that the
carrying agents increased the glass transition
temperature (Tg) of the material, increasing its stability
and improving the performance of the equipment.

Tonon et al. (2008) and Ferrari et al. (2012) used the
spray dryer method to dry black cherry pulp, using
temperatures of 160 and 180°C, with concentrations of
maltodextrin of 5, 15 and 25%. The increase in the drying
temperature caused a reduction in moisture content and
water activity of the obtained products. The maltodextrin
contributed to the reduction in moisture content and
hygroscopicity of the material.

Water activity is an index of great importance for the
food obtained by the spray dryer method, due to the
influence on the shelf life of the powder produced. A high
water activity indicates that there is water more freely
available for biochemical reactions, and consequently, a
shorter shelf life (Cano-Chauca et al., 2011).

Quek et al. (2007) and Moreira et al. (2009) also had
less moisture content samples with the increase in
temperature in their studies with powdered watermelon
and acerola juice, respectively. According to the authors,



the use of higher temperatures implicates in a higher
transference of heat for the particles, which in turn leads
to a higher rate of water evaporation from the product,
resulting in powders with lower moisture content.

According to Tonon et al. (2008), higher drying
temperatures result in powders with lower moisture
content and easier adsorption of water, that is, more
hygroscopic. This is related to the higher gradient of
water concentration existent between the product and the
environment.

Cano-Chauca et al. (2011) also uses the spray dryer to
dry a mix of fruit juices, and used temperatures of 155
and 165°C, and concentrations of maltodextrin of 12, 15,
18 and 21%. The temperature of 165°C, with higher rates
of maltodextrin provided powders with lower moisture
content rates.

Pereira et al. (2013) used the spray dryer for
dehydrating a probiotic pineapple juice, sensitive to high
temperatures, using Arabic gum as a carrying agent. The
variables of the process were studied, and the authors
concluded that the temperature of 100°C with 5% Arabic
gum produced more natural juices and maintained the
viability of the probiotic cell added. However, the use of
temperature at 150°C increased the yielding of the
process.

MICROENCAPSULATION

Microencapsulation is a group of various techniques
which allow the development of formulations, where the
content is protected and the release can be modified
aiming to act in a determined place, for a determined
period and at a specific speed. In this process, there’s an
encapsulation of solid, gaseous or liquid substances in a
polymeric matrix or another substance which can form an
involucre. This is a technique which depends on the
physical and chemical properties of the material to be
microencapsulated (Jackson and Lee, 1999).

The microencapsulation protects the substance from
environmental conditions, stabilizes sensitive substances,
eliminates incompatibilities, manages toxic substances in
a safer way and develops dosages with the modified
release (Pu et al., 2011). The microencapsulation method
has various applications, not only in the food industry, but
also in the pharmaceutic, cosmetics, textiles, agro toxins,
paint and other industries (Rebello, 2009).

In the food industry, the microencapsulation is used to
improve the properties of the encapsulated material,
masquerading the unpleasant organoleptic characteristics
(taste, odours, colour) of certain materials; to transform
the physical state of substances for a better manipulation
and reduce volatility, stopping substance loss; increase
conservation period and protect the substances from
climatic agents (light, moisture content, heat and oxygen)
(Trindade et al., 2008).

Among the materials that can be encapsulated for use
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in the food industry are acids, basis, oils, vitamins, salts,
gases, amino acids, flavours, colourings, enzymes and
micro-organisms (Augustin et al., 2001).

The mechanisms for release of the microencapsulated
active materials vary according to the nature of the
encapsulating agent, as well as with the method used to
promote the encapsulation. However, they occur naturally
due to mechanisms such as: temperature and pH
variation, medium solubility, biodegradation, diffusion,
mechanical rupture, selective permeability and the
concentration gradient in relation to the release medium
(Desai and Park, 2005).

Various techniques have been used in the elaboration
of the microcapsules, such as: spray drying,
coacervation, extrusion, centrifuge extrusion, coating in
fluidized bed, liposomes and complexation by inclusion.
The most significant limitations of these techniques are
the high costs and the hard choice of method to apply in
the encapsulation of substances, due to the absence of a
process that is adaptable to all substances. The drying by
spray drying or spray drying is most employed by the
food industry, as it causes less significant damage on the
characteristics of the products (Rebello, 2009).

The microcapsules can show sizes in the range of
micron fractions up to many millimetres, with diverse
shapes, depending on the materials and methods used in
its preparation. When the size of the particles is smaller
than 1 um it is called nano-particles, nano-capsule or
nano-sphere. Particles whose diameter is in the 3-800
pum range they are known as micro-particles,
microcapsules or micro-spheres. Particles bigger than
1000 um are known as macro-particles (Jyothi et al.,
2010).

They are formed by two components, the central or
core material and the encapsulating material or peel. The
core is composed by one or more active substances, and
the encapsulating or carrier material that covers these
substances. In order to choose the encapsulating
material its physical-chemical properties must be taken
into consideration, such as solubility, molecular weight,
crystallinity, diffusibility, intended objective through the
microencapsulation (application) and cost (Fonseca,
2008). The right choice is very important, as it has a
direct impact on the efficiency of the micro-encapsulation,
the stability of the micro-capsule and the adequacy of the
microcapsule to its application (Gharsallaoui et al., 2007).

These substances can also be called carrier agents,
and can be used to facilitate or even allow the drying of
certain products, as they are unable of increasing the
material’s glass transition temperature, therefore avoiding
the development of the stickiness phenomenon (Batista
et al., 2008).

The choice of encapsulating material to be used should
take into account a number of factors such as: the
physical and chemical properties of the nucleus (porosity,
solubility, etc) and the wall (viscosity, mechanic proper-
ties, glass transition, film forming ability, etc), compatibility
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of the nucleus with the wall, control mechanism and
economic factors (Rebello, 2009).

The microencapsulation of acids such as ascorbic,
citric, fumaric and lactic acid is usually performed to avoid
the oxidation and allow solubility in specific temperature
conditions. Flavourings are normally encapsulated to
increase shelf life, once the encapsulation can prevent
oxidation, volatilization and agglomeration, besides
allowing the controlled release and conversion of liquid
flavourings in solids (Bertolini et al., 2001).

The edulcorants are microencapsulated with the aim to
decrease the hygroscopicity, increase fluidity and
resistance to high temperatures, as well as extending the
sweetness sensation. Vitamins and minerals are added
to food aiming at fortifying them. However, they can leave
a strange taste, react with the other ingredients or alter
the product’s colour. Such inconveniences can be
avoided if such complements are incorporated to
encapsulated products. The encapsulation can increase
the stability of vitamins in certain extremes of moisture
content and temperature, as well as allowing controlled
release in the intestinal tract (Rebello, 2009).

The microorganisms have been encapsulated or
immobilized to allow their reutilization in the production of
lactic acids and fermented dairy products, increase the
concentration of cells in reactors and productivity. Also, it
helps protect them from oxygen, against freezing
temperatures and the bactericide effect of gastric fluids
and other acid mediums. And finally, it helps remove
microorganisms from products, stops acidification,
increases stability and keeps the viability of the culture
during product storage (Rokka and Ramtamaki, 2010).

MAIN ENCAPSULATING OR CARRIER AGENTS

The encapsulating or carrier agents used in drying by
spray drying can be carbohydrates (starch, maltodextrin,
dextrans, sucrose, cellulose and derived), gums (Arabic
gums, agar, carrageenan, etc.), lipids (wax, paraffin,
diglycerides) and proteins (gluten, caseins, albumins,
haemoglobin and peptides). From these, the polymers of
high molecular weight and high glass transition
temperature (Tg) are the most widely used, such as
maltodextrin, Arabic gum and modified starch (Cano-
Chauca et al., 2011).

To improve the manipulation of powders, food safe
anticaking and anti-humectant agents can also be added,
such as phosphates, silicates and calcium salts, once
these absorb the product’'s moisture content [3, 13],
facilitating the drying process.

Among these salts, the calcium carbonate appears as a
promising substance in the drying of products by spray
drying. It is a low cost amorphous crystal, easily found in
the shell of mussels, oysters and eggs, which are pro-
ducts that are not used by industry. Studies have been
developed aiming at substituting the commercial calcium

carbonate from alternative sources. Batista et al. (2008)
used mussels and oysters shells to substitute the calcium
carbonate used in concrete.

Murakami et al. (2007) obtained calcium carbonate
from chicken egg shells, where 94% of its composition is
calcium carbonate. The authors affirm that the carbonate
obtained from egg shells does not present toxic
elements, therefore can be used in food. Besides that,
they observed that the commercial calcium carbonate is
decomposed in a lower temperature (around 30°C lower)
than that used by egg shells, therefore the latter is more
stable to being processed.

Maltodextrin

Maltodextrin [(Ce¢H1205),H20] is a saccharide non-sweet
polymer, which consists of D-glucose unities joined by a
1-4 chain. It is presented as a white powder or solution
concentrated by partial hydrolysis of corn starch with
acids and/or enzymes. The main problem in using this
material, however, is its low emulsifying capacity. That
way, it is common to use mixtures of maltodextrins with
Arabic gum, modified starch or even proteins, which
show a good emulsification capacity and can, therefore,
supply the lack of this property) (Ascheri et al., 2003;
Reineccius, 1998).

Maltodextrin is formed through the partial hydrolysis —
by action of acids or enzymes — of corn starch, and are
available in different dextrose equivalents (DE), which
indicate the level of hydrolysis of the starch polymer. That
way, the DE of a product of hydrolysis is equivalent to its
reducing power, as a percentage of the reducing power
of the pure dextrose (D-glucose), therefore inversely
proportional to its average molecular weight (Bemiller and
Whistler, 1996).

The hydrolysate starch offer advantages such as low
relative cost (approximately one third of modified starch),
neutral smell and taste and low viscosity in high
concentration of solids. Besides that, they offer good
protection against oxidation (depending on the dextrose
equivalent) (Bemiller and Whistler, 1996).

The maltodextrin is the carrier agent commonly
employed in the drying by spray drying, due to its low
hygroscopicity, avoiding the agglomeration of particles,
high solubility in cold water and low cost (Matioli and
Rodriguez-Amaya, 2002; Tonon et al., 2008). In some
cases, it shows an anti-oxidative effect and good
retention of volatile substances (65-80%) (Anselmo et al.,
2006).

Aburto and Tavares (1998) used maltodextrin in the
microencapsulation of the orange essential oil by spray
dryer. Rodriguez-Hernandez et al. (2005), used concen-
trations of maltodextrin between 18-23% for drying of
Indian fig in spray dryer. The authors obtained more
hygroscopic powder with lower concentrations of
maltodextrin and higher drying temperatures.



Quek et al. (2007) used the maltodextrin as carrier in
the drying of watermelon juice by spray dryer. The
authors affirmed that the addition of maltodextrin before
drying increases the content of total solids of the mixture
to be fed into the spray dryer, reducing the quantity of
water to be evaporated, which causes the decrease of
moisture content in the powders produced. Tonon et al.
(2008), investigating the influence of the processing
conditions in the physical-chemical properties of the
powdered acai obtained through spray dryer, registered
the smallest values for hygroscopicity of the powder, with
the increase in the concentration of maltodextrin,
confirming its efficiency as carrier. Ferrari et al. (2012)
also used the maltodextrin as carrier agent in the drying
in spray drying of the pulp of black cherry pulp. Pulps with
lower moisture content were obtained using higher
concentrations of maltodextrin.

Arabic gum

The Arabic gum is a complex polysaccharide, acid and
with a molecular mass of approximately 500.000 Daltons.
Due to its highly ramified structure, it is easily dispersed
in water in concentrations of up to 50%, however with low
apparent viscosity, forming stable emulsions (Sahini and
Han, 1993).This gum is also characterized by its
solubility, low viscosity, good emulsifying properties,
subtle taste and high oxidative stability. It is commonly
used in the preparation of encapsulated flavours by spray
drying. Its emulsifying property guarantees a good
capacity for protection/retention of many volatile
compounds during the drying process, retaining more
sensitive flavours. However, its use is difficult due to its
high cost and availability problems, since it is only
produced in regions subjected to unpredictable climatic
variations.It is widely used due to its excellent emulsifying
capacity, attributed to this protein fraction of proteins,
capacity for protecting the active substance and a good
flow conferred to the particles. The Arabic gum is
preferred instead of other types of gums for its ability to
produce stable emulsions in a wide variety of pH with all
main oils. Despite its advantages, it should be highlighted
that the Arabic gum only shows a partial protection
against oxidation, since it often acts as a semi-permeable
membrane, which can impact on its durability and stability
of the microcapsules (Gharsallaoui et al., 2007). Ascheri
et al. (2003) used the Arabic gum in concentrations of 0.5
and 10%, combined with the maltodextrin (fixed concen-
tration of 36%), in the process of microencapsulation of
the orange essential oil by spray dryer. The drying
process with 10% Arabic gum and 36% maltodextrin
showed the lower moisture content contents.

Modified starch

Starch is a widely available and low cost product. On the
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other hand, the viscosity of starch solutions is generally
too high for the great part of the drying processes.
Besides that, starch does not have hydrophobic groups,
therefore does not exert any stabilizing effect in the
emulsions, except for an increase in viscosity
(Reineccius, 1998).

The production of modified starch is an alternative that
has been developed for some time, aiming to overcome a
few limitations of the native starches, thereby increasing
use and applicability of this polymer in the industry. The
reasons that lead to the modification of starch include:
modifying the characteristics of gelatinization; decreasing
the downgrading and the tendency of pastes to turn into
gels; increasing stability of pastes in cooling and
defrosting; the transparency of pastes and gels and their
adhesive qualities; improving the texture of pastes and
gels and the formation of films; adding hydrophobic
groups and introducing emulsifying power (Silva et al.,
2006).

The modified starches are widely used as
encapsulating agents due to the excellent retention of
volatiles (above 93%) and due to the stabilization of the
emulsion and low viscosity. On the other hand, they exert
low protection against oxidation during stocking, hence
the importance of using this compound associated to
maltodextrin (Anselmo et al., 2006).

On the encapsulation of the orange essential oil, the
modified starch showed higher oil retention when
compared to the Arabic gum (Ascheri et al., 2003; Aburto
and Tavares, 1998). Soottitantawat et al. (2005)
encapsulated limonene by spray drying, and the best
stability was achieved by using modified starch as
encapsulating agent, in comparison to Arabic gum and
maltodextrin.

CONCLUSIONS

Spray drying is the main method for drying fluid materials
that are sensitive to heat, such as food and biological
materials. Besides drying these materials, this type of
drying method allows the microencapsulation of certain
substances.

The method of microencapsulation of food and other
substances has a wide applicability, characterized as an
efficient method of extreme importance in the
preservation of various nutritional components,
microorganisms, enzymes, colouring, etc. It protects the
food item and other products against more aggressive
methods of processing. Various methods can be used as
encapsulating agents; however the most common are the
carbohydrates, due to showing a higher affinity with
various types of materials to be encapsulated.
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