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INTRODUCTION

ABSTRACT

Many studies on the cinnamon essential oil has attracted the attention of research-
ers because of their antimicrobial and antifungal properties. The objective of this
study was to evaluate the influence of different wall material on the physicochemi-
cal characteristics of microencapsulated cinnamon essential oil. Microcapsules pro-
duced with combinations of wall materials (gum arabic, whey protein isolate and
maltodextrin) were evaluated with regard to moisture, solubility, hygroscopicity,
bulk density, tapped bulk density and microscopic analysis. The encapsulation effi-
ciency was based on cinnamaldehyde retention in relation to the content of the
pure oil. The results showed that blends of gum arabic and maltodextrin obtained
better retention of cinnamaldehyde (50%). The presence of maltodextrin together
with whey protein isolate favored the formation of more spherical particles. Trans-
mission electron microscopy images clearly showed the oil dispersed in the wall
materials. Thermogravimetric curves showed higher thermal stability for microcap-
sules with whey protein isolated. Based on the physicochemical characteristics ana-
lyzed, the best wall material for the process of microencapsulation essential oils of
cinnamon was the combination of gum arabic and maltodextrin.

PRACTICAL APPLICATIONS

This paper aims to add knowledge about the microencapsulation process of essen-
tial oils, promoting greater stability to oils.

when stored for long periods. Thus, investment in research
in this area has been growing throughout the world, focus-

Essential oils are generally derived from one or more plant
parts such as flowers, leaves and bark that also contain vola-
tile compounds, mainly alcohols and aldehydes. These oils
have significant organoleptic characteristics, and are finding
increasing use in research and industry, especially the food,
pharmaceutical and cosmetics sectors (Bizzo et al. 2009).

In recent years, many consumers have sought new alter-
natives for overly processed foods, including those that are
nearly free of synthetic preservatives. This has created an
expanding and lucrative niche market in which essential oils
play important roles (Bizzo et al. 2009).

The replacement of synthetic products is a significant
challenge industrially because of the inherent instability

ing on reducing losses through storage, transportation and
unsuitable environmental conditions such as undesirable
levels of oxygen, pH and light (Santana et al. 2013).

Cinnamon (Cinnamomum zeylanicum) is one of the old-
est and best-known spices in the world. Usually is sold in
powder form or as curled rolls of bark, commonly used in
foods and pharmaceuticals and cosmetics, because of its
unique organoleptic characteristics. In addition, because of
its antimicrobial, fungicidal and insecticidal activities, cin-
namon is widely used as a preservative and additive in food
packaging (Cheng et al. 2006; Wang et al. 2009).

Drying may be defined as a unit operation consisting of
the removal of the solvent from a product by techniques
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based on temperature, osmotic potential and/or pressure
variations. The drying process is one of the most effective
methods for the preservation of products, especially food
being operationally simple, inexpensive, adaptable and
widely available and therefore attractive to industry (Chen
and Mujumdar 2008).

The sensory qualities of food products should be pre-
served throughout its shelf life. This can be accomplished in
part by preserving its volatile components for longer periods
of time. During storage, factors such as changing tempera-
ture, pH and oxygen levels can modify the basic structure of
these compounds, degrading them and making them dis-
agreeable to the consumer. As an effective solution to for
these issues, microencapsulation is gaining momentum in
the global scientific community, as it provides stability to
the encapsulated material, by protecting volatile com-
pounds against degradation and volatilization. The micro-
encapsulation process stores compounds within protective
capsules that insulate the stock from the external environ-
ment, thus avoiding unwanted reactions and product degra-
dation (Passos and Ribeiro 2009).

Some of the most important considerations when study-
ing microencapsulation are the type, quality and concentra-
tion of the microparticle wrap materials (wall material),
along with the optimal operating conditions such as tem-
perature and feed rate. The choice of the wall material
should consider both physical and chemical properties; it
would be undesirable that the final product would degrade
or even react with the wall material (Costa et al. 2013;
Vasisht 2014).

The atomization method of spray drying is the most used
in microencapsulation processes because it economical, eas-
ily adjusted and operated and offers a good quality product
(Solval 2011). When the compounds in a food are very reac-
tive or when there is a need to control the onset and rate of
release of the core product the technique of microencapsula-
tion is valid and interesting (Mozafari et al. 2008).

The process of microencapsulating essential oils is
extremely important for industries that use these very vola-
tile and fragile raw materials during production because the
process protect them from chemical and organoleptic
changes under different operating conditions, ensures the
final product quality throughout storage and transport
(Botrel et al. 2012; Fernandes et al. 2014a, 2014b).

The antimicrobial properties of essential oils suggest their
uses as differentiated and attractive forms of natural preser-
vatives. The concentration of the oil and their application
method are considered important as their misuse can cause
organoleptic changes and preclude consumption of the
product (Solérzano-Santos and Miranda-Novales 2012).

Due to the fragility of food, parameters such as hygrosco-
picity, sorption behavior and thermal stability require con-
stant monitoring (Hijo et al. 2015; Costa et al. 2015).

P.H.C. FELIX ET AL.

TABLE 1. COMPOSITION IN THE FORMULATION OF MICROPARTICLES
OF CINNAMON ESSENTIAL OIL WITH GUM ARABIC, WHEY PROTEIN
ISOLATE AND MALTODEXTRIN

Cinnamon essential

Code GA (%) WPI (%) MD (%) oil (g 100/g)
GA 100 - - 1.5
WPI - 100 - 1.5
GA/MD 50 - 50 1.5
WPI/MD - 50 50 1.5

Thermogravimetric is a technique that can continuously
measure the loss of mass of a substance with heating. The
mass loss in microencapsulated can characterize the changes
of composition or structure of the polymer used (Giron
2002).

This paper present a method to conserve the volatile com-
pounds from cinnamon essential oil by spray drying with
the evaluation of the physicochemical and thermal proper-
ties of different encapsulation materials.

MATERIALS AND METHODS

Materials

Cinnamon essential oil (FERQUIMA, Sao Paulo, Brazil)
extracted from the leaves was used as the microencapsula-
tion material. The wall materials consisted of gum arabic
(GA; Nexira, Sao Paulo, Brazil); whey protein isolate 9400
(WPI; HILMAR INGREDIENTS, Hilmar, CA) and malto-
dextrin Maltogil 20% dextrose (MD; CARGILL FOODS,
Sao Paulo, Brazil).

Experimental Design

The experiments were conducted in a completely random-
ized experimental design with 3 as shown in Table 1. A one-
way analysis of variance (ANOVA) and Tukey test at
P < 0.05 were used to compare the effects of the drying com-
position on the product properties using the software Statis-
tica (version 8; Stat Soft. Inc., Tulsa, OK). All of the
measurements were performed in triplicate.

Methods

Initially, wall materials (150g) were mixed with water
(350 g) and let to stand for 12h to hydration. Emulsions
were prepared with 30% wall material. The emulsions were
subjected to drying in a Spray Dryer (Model MSD 1.0; Lab-
magq, Ribeirao Preto, Brazil). The inlet and outlet air tem-
peratures were maintained at 180 =3 and 120 = 3C,
respectively. The feed rate was maintained at 0.9 L/min.
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TABLE 2. MEAN AND STANDARD DEVIATION VALUES FOR MOISTURE, SOLUBILITY, HYGROSCOPIC, BULK AND BULK TAPPED DENSITIES AND

WETTABILITY FOR THE PRODUCED POWDERS

Wall materials Moisture (%) Solubility (%) Hygroscopic (%) Pbulk (g/mL) Ptapped (g/mL) Wettability (min)
GA 3.56 + 0.47° 49.57 +0.91° 42.21 +0.86° 0.29+0.01° 0.34+0.01° 8.75+0.31°
WP 1.77 £0.24° 48.87 +0.83° 31.12+0.82° 0.24+0.01° 0.29+0.01° 17.99 +0.47°
GA/MD 4.34+0.27° 37.38 +0.25° 31.10+0.36° 0.31+0.01° 0.36 +0.02° 5.41 +0.56°
WPI/GA 1.85+0.48% 33.04 +0.27¢ 22.9+0.30° 0.25+0.01° 0.29+0.01° 9.77 +0.68°

ab.cdyalues with different letters in the same column differ significantly (P < 0.05). GA, gum arabic; WPI, whey protein isolate and MD, maltodextrin.

The moisture content was
determined by the gravimetric
method, at 105C for 24 h

For the determination of bulk density, powders were gently
loaded into a 100 mL tared graduated cylinder, filled to
100 mL and weighed. The volume read directly from the
loaded cylinder was used to calculate the bulk density (ppu)
according to the mass/volume relationship (Jinapong et al.
2008). For the determination of the tapped bulk density
(Prappea)> powder (approximately 5g) was poured into a
25mL graduated cylinder which was then repeatedly tapped
by lifting and dropping it under its own weight until a negli-
gible difference in volume between successive measurements
was observed. The volume read directly from the loaded cyl-
inder was then used to calculate the bulk density tapped
(Ptapped) according to the mass/volume relationship (Goula
and Adamopoulos 2008).

The solubility of the powder was evaluated according to
the method proposed by Cano-Chauca et al. (2005) with
modifications. The powders (1g) were stirred in distilled
water (25mL) for 5min using a mixer. The solution was
centrifuged at 3,000 X g for 10 min. A 20 mL aliquot of the
supernatant was transferred to preweighed Petri dish and
dried at 105C overnight. Solubility (%) was calculated as the
percentage of dried supernatant compared to the amount
initially added powder.

Hygroscopicity was determined according to the method
proposed by Cai and Corke (2000) with some modifications.
Samples of each powder (about 1g) were placed in a vessel
with a saturated NaCl solution (75.29% relative humidity) at
25C for 1 week. Then the samples were weighed and the
hygroscopicity was determined as the weight in grams of
adsorbed moisture per 100 g of dry solid (%).

The wettability of the powders was determined using the
method described by Fuchs et al. (2006). The powder (1g)
was sprinkled in 100 mL of distilled water at 20C without
agitation. The time taken for the powder particles to sedi-
ment, sink and disappear from the water’s surface was
recorded and used to compare the extent of wettability of
the samples.

The particle size distribution was measured using a laser
light diffraction instrument (model 12 LA Sympatech Hellos

(cidade), Switzerland). A small sample of powder was sus-
pended in ethyl alcohol with agitation and the particle size
distribution was monitored until successive readings were
consistent. The distribution of the sizes of the particles were
recorded and the span, which represents the distribution’s
homogeneity, was calculated using Eq. (1), as follows:

~d90—d10

ds0 =

Span
where d90, d50 and d10 are the volume diameters at 90%,
50% and 10% of the cumulative volume, respectively
(Jinapong et al. 2008).

Because the essential oil of cinnamon have high volatility
is inconsistent evaluate the encapsulation efficiency by the
total surface oil in the microparticle. Therefore, we consider
the efficiency factor in the encapsulation process of essential
based on the final concentration of cinnamaldehyde (major
compound) considering the crude oil as a standard. So, we
can define Encapsulation efficiency by Eq. (2):

Cn
Cor = 100 * <C—> (2)

O

where Cg is the encapsulation efficiency; C,, is the cinna-
maldehyde microcapsules content; and Cg is the cinnamal-
dehyde pure oil content on the initial emulsion (dry basis).

To evaluate the composition of the oil before and after
microencapsulation gas chromatography (GC) analysis was
performed on an HP 7820A GC (Agilent) equipped with a
flame ionization detector. The samples (~50 mg) were kept
in chloroform (500 L) in an ultrasonic bath for 10 min.
After centrifugation at 6,500 rpm, an aliquot (2 uL) of the
supernatant was injected into the GC for analysis. An HP5
column was used 30 m X 0.32 mm X 0.25 um (Agilent). The
initial column temperature was 100C, which was ramped at
5C/min to 200C, injector (splitless), and detector tempera-
tures were 200 and 220C, respectively. Hydrogen was used as
the carrier gas (3 mL/min) and injection volume was 2 uL.
Data were acquired using the software EZChrom Compact
Elite (Agilent).

The morphologies of the cinnamon essential oil micro-
capsules were examined by scanning electron microscopy
(SEM). Microcapsules samples were distributed over a piece
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FIG. 1. PARTICLE SIZE OF ALL TESTS GA, WPI, GA/MD AND WPI/MD

of double-sided carbon tape adhered to a metallic support
(stub). Then, the samples were analyzed with scanning elec-
tron microscopy JSM-6360 (JEOL; Tokyo, Japan), with an
accelerating voltage of 15kV. To view the internal morphol-
ogy of the microparticles, transmission electron microscope
(TEM) FEI Tecnai G2-12 (SpiritBiotwin; OR) was per-
formed with an accelerating voltage of 120 kV. The samples
were embedded in EpoFix Hardener resin and cut an ultra-
microtome to a slice thickness of approximately 50 nm. The
sections were mounted on lacey carbon screens.

The thermal stability of microcapsules of cinnamon
essential oil was evaluated by TGA in Shimadzu TG-DTA
50H (Shimadzu Corporation, Japan). The analysis were per-
formed under nitrogen as a flow rate of 50 mL/min. The
samples temperature was raised at a rate of 10C/min from
30 to 600C (Hijo et al. 2015).

RESULTS AND DISCUSSION

The particle characteristics are summarized in Table 2. The
final moisture content (Table 2) is an important parameter
for predicting the shelf life of a food product. Among the
samples, there was no significant difference (P> 0.05) in the
moisture content, and therefore, the different wall materials
do not impact these values. The moisture contents in all
samples were very low (1.77—4.34%), in agreement with the
findings of Costa (1.11—4.16%) (Costa et al. 2013) and
Botrel et al. (1.3—3.65%) (Botrel et al. 2012) for the micro-

TABLE 3. D10, D50, D90 AND SPAN VALUES OF ALL SAMPLES

P.H.C. FELIX ET AL.
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FIG. 2. CINNAMALDEHYDE EFFICIENCY OF GA, WPI, GA/MD AND
WPI/MD

encapsulation of essential oils using spray drying. The final
moisture content of a powdered product is one of the most
important parameters in the study of microencapsulation;
this factor determines the ultimate quality of the product,
which could be prone to deterioration at high moisture lev-
els (Chen and Mujumdar 2008).

Because of the hydrophobic nature of essential oils,
microencapsulation can facilitate their solubility in water by
preventing phase separation (Botrel et al. 2012) GA and
WPI samples showed higher solubility compared to GA/MD
and WPI/MD samples. Fernandes et al. (2013) also observed
similarly decreased levels of solubility in the presence of
MD. The variation in the solubility tests with and without
MD (0.25-0.36 g/mL). This can be explained by the hydro-
phobic properties of the cinnamon essential oil, decreasing
the solubility of the microparticles.

The hygroscopicities of the samples ranged from 22.9 to
42.21%. Because of its hydrophilic properties, GA interacts
easily with water, confirming the high hygroscopicity values
for the GA samples. The addition of MD significantly
reduces the hygroscopicity of the powders (P < 0.05) com-
pared with pure GA and WPI samples. Fernandes et al.
(2014a,b) observed hygroscopicities values ranged from
15.7 to 17.1% to rosemary essential oil microcapsules used
whey protein isolated with wall material. In another study
using gum arabic as wall material, Fernandes et al. (2013)
obtained hygroscopicity values between 15.87 and 18.90%.

The values of bulk and tapped densities ranged from 0.24
to 0.31 and 0.29 to 0.36 g/mL, respectively. The samples
with gum arabic (GA and GA/MD) exhibited higher values
than those with whey protein isolate (WPI and WPI/MD).
Also, the addition of MD increased the final bulk and tapped
density values. Fernandes et al. (2013) also observed an

Code d10 (um) d50 (um) d90 (um) Span um) increase in bulk density when MD was added to GA
GA 3.32 12.37 23.81 1.65 (0.28—0.31 g/mL). The bulk density results for mixtures of
WPI 2.31 7.81 17.38 1.92 WPI and MD obtained by Bae and Lee (2008) in the micro-
GAMD 2.70 10.92 21.72 174 encapsulation of avocado oil also corroborate this work
WPI/MD 2.28 9.31 19.07 1.80 p

(0.27 = 0.001 g/mL).
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FIG. 3. SEM MICROGRAPHS OF THE
PARTICLES CONTAINING CINNAMON
ESSENTIAL OIL USING THE FOLLOWING
WALL MATERIALS: GUM ARABIC (GA),
WHEY PROTEIN ISOLATE (WPI), GUM
ARABIC/MALTODEXTRIN (GA/MD)
AND WHEY PROTEIN ISOLATE/
MALTODEXTRIN (WPI/MD)

CM-UFMG

Wettability is the ability to maintain a liquid in contact has a greater ability to wet (Kim et al. 2002). In this work,
with a solid surface. The wettability time of powders  the wettability of the GA samples (Table 2) is lower com-
depends on the balance between the forces binding the solid pared to the WPI-based materials. Also, the addition of MD
and the liquid. If the chemical bonds are strong, the solid reduces the wettability (8.75-5.41min for GA-based

FIG. 4. TEM MICROGRAPHS OF THE
PARTICLES CONTAINING CINNAMON
ESSENTIAL OIL USING THE FOLLOWING
WALL MATERIALS: GUM ARABIC (GA),
WHEY PROTEIN ISOLATE (WPI), GUM
ARABIC/MALTODEXTRIN (GA/MD)
AND WHEY PROTEIN ISOLATE/
MALTODEXTRIN (WPI/MD)
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FIG. 5. MASS LOSS (%) AS A FUNCTION OF TEMPERATURE FOR EACH
SAMPLE

materials and 17.99-9.77 min for those based on WPI),
facilitating the reconstitution of the powder in water. Fras-
careli et al. (2012), during a study of the microencapsulation
of coffee oil, observed a declining trend in microcapsule
wettability values when MD was added. Wettability is influ-
enced by the particle size, porosity and intermolecular
bonds (Schubert et al. 2003).

Figure 1 shows the particle size distribution for the
microencapsulated cinnamon essential oil samples. WPI-
based microcapsules were smaller in size when compared
with microcapsules prepared with GA. The addition of MD
(GA/MD and WPI/MD) did not have impact on the varia-
tion of particles size. Increased particles size for GA matrices
and decreased particles size for WPI matrices were observed.
Compared to the span values reported in Table 3, the ranges
found (Costa et al. 2013) and (Botrel et al. 2012) and (2.06—
2.83 and 1.79-2.59 um, respectively) were close to those
found in our study (1.65-1.92 um). Which represent a good
homogeneity of the particles size distribution. At the same
temperature used in this work, Aghbashlo et al. (2012)
found a mean particle size near 1.48 yum when WPI micro-
particles of fish oil were produced by the atomizing process.
Fernandes et al. (2013) also observed the largest particle size
when the wall material was GA (13.4 um). The particle size
is an extremely important factor in microencapsulation
processes mainly because it can interfere with the dispersion
of powders into fluids (Reineccius 2004).

P.H.C. FELIX ET AL.

Figure 2 shows the values for the cinnamaldehyde effi-
ciency (C) (the most abundant volatile compound) in the
microencapsulated samples. While the cinnamaldehyde
concentration in the crude oil was nearly 62.30 ug/mL, this
value was reduced to 13.79% in the GA-based material. The
samples with WPI, GA/MD and WPI/MD also exhibited
lower final concentrations, with efficiency approximate val-
ues of 35.17, 50.00% and 24.13%, respectively. In general,
volatile loss can occur due to three situations: (1) large sur-
face area in atomization may facilitates the volatilization;
(2) when the microcapsules membrane is not rapidly
formed, facilitating the diffusion of the volatile substances
or (3) when volatiles material is transported due to vapor
bubbles inside the microcapsules (King 2007).

In their study of the effects of different combinations of
wall materials in the microencapsulation of orange essential
oil, Ascheri et al. (2003) obtained results that corroborate
this work. The formulations with higher concentrations of
GA gave the worst results, with a loss of more than 80% of
the initial concentration of the essential oil of orange vola-
tiles. Goubet et al. (1998) explain that there is still no studies
on the interactions between the wall material and the encap-
sulated compound. Operating conditions and the molecular
weight of the wall material may be considered important
factors in the retention of volatiles in the microcapsules.

Figure 3 presents SEM images of the microencapsulated
essential oil of cinnamon particles for all test samples. The
GA-based material produced particles of spherical shape,
and that based on WPI produced rougher particles. The
addition of MD resulted in lower roughness for the WPI-
based particles, but increased the roughness of the particles
with GA. Fernandes et al. (2013) observed smoother, more
spherical microcapsules when GA was used as the carrier
material in the microencapsulation of the essential oil of
rosemary. Bae and Lee (2008) observed rougher particles
using WPI and MD as the wall materials for the microen-
capsulation of avocado oil, in agreement with the observa-
tions of this work. The morphology of the particles is an
important factor in microencapsulation processes because
the presence of cracks influences the loss of volatile com-
pounds from the essential oil microcapsules (Fernandes
et al. 2014a,b). No cracks were evidenced in this study.

TABLE 4. THERMOGRACIMETRIC ANALYSIS OF CINNAMON ESSENTIAL OIL MICROENCAPSULES WITH DIFFERENT WALL MATERIALS.

First stage Second stage Third stage
Mloss (0/0) Tendset M\oss (%) Tendset Mloss (0A3>

Samp|65 Tonset (OC) Tendset (OC) (Tonset - Tendset) Tonsel (QC) (QC) (Tonset - Tendset) Tomset (OC) (OC) (Tonset - Tendset)
GA 33.76 109.42 8.64 207.53 351.83 64.19 371.73 598.72 8.04

WPI 33.55 106.26 7.04 204.81 418.02 50.43 432.57 590.87 15.31

GA/MD 31.30 101.55 7.32 199.86 345.05 62.46 371.11 600.97 11.41

WPI/MD 35.18 107.47 6.61 171.01 378.91 51.79 408.61 598.72 8.01
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In the TEM images, the GA test sample (Fig. 4) shows a
higher concentration of the essential oil (black colour) in the
centre of the particle, whereas the other samples exhibit greater
dispersions of the essential oil over the entire area of the wall
material (gray colour). These images confirm the SEM views
of the more spherical shapes for the GA test, and more irregu-
lar shapes for the other particles. The images also corroborate
the EE data, in which the least amount of oil retained in the
wall material was for the GA test sample, and the efficiency
was higher value for test and gum arabic maltodextrin.

Kim and Morr (1996), who studied the encapsulation of
orange essential oil in different wall materials, observed a
tendency for the oil to concentrate in the centre of the parti-
cle in experiments with GA, and noted a greater dispersion
along the wall material for experiments with WPIL.

Figure 5 shows the relationship between mass loss (%)
and the temperature of cinnamon essential oil microcap-
sules. We can be observed 3 (three) degradation stages. Dur-
ing heating, it can be noted that the microcapsules
containing gum arabic (GA and GA/MD) as wall material
had lower thermal stability. Minor degradations were
observed with the microcapsules whey protein isolated
(WPI and WPI/MD). The addition of maltodextrin reduced
the thermal stability of whey protein isolated particles. The
first stage in the temperature range of 30-130C with an aver-
age loss of 7.40%. In all cases, a relative thermal stability was
observed up to 100C. In the first stage (Table 4), samples
containing GA obtaining higher mass loss due to high
humidity. This was confirmed because the gum arabic has a
higher hygroscopicity among the wall materials used, with
higher humidity. In this stage, loss of volatile compounds
and of moisture adsorbed on the surface of the micropar-
ticles can also be considered and moisture adsorbed on the
surface of the microcapsules (Hijo et al. 2015).

The second stage in the temperature range of 230-330C
was observed for all samples with mass loss average of
57.22%. This stage can be characterized the decomposition
of the microcapsules wall material. The degradation of the
wall materials can be explained the large loss of mass at this
stage. The addition of maltodextrin did not interfere signifi-
cantly in the thermal stability of the microcapsules (Osorio
et al. 2010; Garnero et al. 2013). Waste wall materials can be
founded at the end of this stage (Mothé and Rao 2000).
Gum arabic has a higher degradation at temperatures above
200C (Mothé and Rao 2000; Cozic et al. 2009; Klein et al.
2015). Similar behavior TGA curves studies for whey pro-
tein isolated was founded for other authors with decompo-
sition temperature of approximately 300C (Sharma et al.
2008; Hundre et al. 2015; Winkler et al. 2015). Otélora et al.
(2015) and Klein et al. (2015) obtained a thermogram of
maltodextrin pure and they observed a temperature range of
degradation of 150-300C. Fernandes et al. (2008) observed
degradation second stage of gum arabic and maltodextrin
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blends at temperatures above 200C in essential oil microen-
capsulation Lippia sinoides, corroborating this work.

In the temperature higher than 330C was observed a little
mass loss for all samples with mass loss average of 10.69%.
This little mass variation over heating can be evidenced the
formation of ash of the compounds of the microcapsules
(Hijo et al. 2015; Silva and Meireles 2015). Hazra et al.
(2002) observed essential oil degradation of pure cinnamon
in a temperature range of 100-200C. Compared to the ther-
mogravimetric studies of this work, it can be agreed that the
microencapsulation processes improve the thermal stability
of essential oils, increasing its degradation temperature.

CONCLUSION

Wall materials composed of carbohydrates (GA and MD)
achieved the best results for the encapsulation efficiency and
the highest cinnemaldehyde retention (50 %). The TGA curves
showed higher degradation of microcapsules using gum arabic
as wall material. Microcapsules with WPI showed increased
thermal stability and similar to GA/MD samples. The micro-
graphs showed spherical microcapsules ways to GA and GA/
MD and dispersal of essential oil of cinnamon throughout
matrix, with good protection to environmental factors.
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