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Abstract

Manzano chilli sauce microcapsules (MCHS) were obtained by spray drying using Gum Arabic (GA100%), whey
protein concentrate (WPC100%) and a blend of these biopolymers (GA50%-WPC50%) as wall materials in 2:1 and
4:1 wall to core material ratios (WCMR). Water vapor adsorption isotherms data of microcapsules were obtained at
35 °C and fitted to GAB's model. The monolayer water content values of the microcapsules varied from 9.97 to
14.32 kg H,0/100 kg dry solids, and were used for determining the surface fractal dimension (D;). D, values ranged
between 2.04 to 2.30 for the 2:1 WCMR and 2.17 to 2.43 for the 4:1 WCMR, respectively. Microcapsules topology
was determined by Scanning Electronic Microscopy (SEM). Microcapsules with WPC100% exhibited smoother
and more regular shaped topology than those with GA100% which tended to exhibit surface flaws and dents, while
those made with the biopolymers blend exhibited an intermediate morphology. Rehydration times of the
microcapsules were function of water activity (a,) and WCMR. The higher the WCMR, the higher the rehydration
time required.

Keywords: fractal dimension surface, sorption isotherms, water activity, microencapsulation, topology, structural
features.

Resumen

Se obtuvieron microcapsulas de salsa de chile manzano (MCHS) mediante secado por aspersion usando como
agentes encapsulantes, goma Arabiga (GA100%), concentrado de proteina de suero de leche (WPC100%) y una
mezcla de ambos biopolimeros (GA50%-WPC50%), con relaciones de material de pared a material encapsulado
(WCMR) de 2:1 y 4:1. Se obtuvieron isotermas de adsorcion de las microcapsulas a 35 °C, las cuales se ajustaron
al modelo de GAB. EIl contenido de humedad en la monocapa de las microcapsulas vari6 entre 9.97 y 14.32 kg
H,0/100 kg s.s., y estos valores se utilizaron para determinar la dimension superficial fractal (D). Los valores de
D, se encontraron entre 2.04 a 2.30 para la WCMR 2:1y de 2.17 a 2.43 para la WCMR 4:1. La topologia de las
microcépsulas se determind por microscopia electronica de barrido (SEM). Las microcdpsulas con WPC100%
presentaron superficies suaves y regulares, con GA100% defectos superficiales caracterizadas por pliegues poco
tersos, y la mezcla GA50%-WPC50% una morfologia intermedia en comparacion con los biopolimeros puros. Los
tiempos de rehidratacion de las microcapsulas fueron funcién de WCMR vy de la actividad de agua (a,). A mayor
WCMR, mayor fue el tiempo de rehidratacion requerido.

Palabras clave: dimension superficial fractal, isotermas de adsorcion, actividad de agua, microencapsulacion,
secado por aspersion.

* Corresponding author. E-mail: cpereza@uaemex.mx 187
Tel. (+52)7222173890 Fax (+52)7222175109

Publicado por la Academia Mexicana de Investigacion y Docencia en Ingenieria Quimica A.C.



C. Pérez-Alonso et al. / Revista Mexicana de Ingenieria Quimica Vol. 8, No. 2 (2009) 187-196

1. Introduction

Spices form a major class of ingredients used in
most food products today. Among the major spices,
Mexico has a high production of chillies. Manzano
chilli (Capsicum pubescens) is a spice used to
elaborate sauces, which are highly consumed in
Mexico due to their characteristic flavor. These
products offer additional benefits to the consumers
due to their nutritional content, because they aid the
metabolic functions of the organism, have analgesic
and anti-inflammatory properties, and are attributed
as preventing some types of cancers (Eshbaugh,
1979; Long-Solis, 1998). Capsaicin, which is the
main active principle in chilli, is responsible of
pungency in sauces. Due to the presence of
unsaturated bonds in the molecular structure of
capsaicin contained in manzano chilli, it is
susceptible to degradation by environmental factors
(air, light, temperature, oxygen, moisture, etc.)
(Beristain et al., 2001). Microencapsulation is a
technique that allows the preservation of foods and
other products, by rendering free flowing stable
powders, easily mixable with other dry ingredients,
and where the core material natural characteristics
are protected against deleterious environmental
factors (McNamee et al., 1998; Madene et al., 2006;
Ré, 2006). A possible approach for protecting the
active ingredients contained in chilli sauces is to
transform them into microencapsulated powders by
spray drying. By doing this, the water content is
substantially decreased, so that the rate of spoilage
mechanisms related to high water contents is
diminished, resulting in products with superior
physicochemical and sensory properties, and an
increased shelf life.

Biopolymers used as wall materials for lipid
encapsulation by spray drying include gum Arabic
(Shaikh et al., 2006), maltodextrins (Watanabe et
al., 2002), whey protein concentrate (Hogan et al.,
2001) and mesquite gum (Beristain and Vernon-
Carter, 1994; Beristain ef al., 2002). The selection of
wall material may influence the emulsion stability
during its formation and upon the drying process
affecting the characteristics of the resulting
microcapsules (Ré, 1998; Gharsallaoui et al., 2007).
Wall materials for microcapsules by spray-drying
should preferrably comprise biopolymers that
possess good surface activity (which will affect
emulsification/encapsulation efficiency), are highly
soluble and exhibit low viscosity at high
concentrations (because usually wall to core material
ratios are high in microcapsules, and because spray
drying requires high solids concentration to be
economically feasible), and form dense adsorbed
layers around the lipid being encapsulated (so as to
minimise  diffusion of pro-oxidant agents).
Polymeric membranes that form the wall of
microcapsules are semipermeable, that determine the
behavior of liberation of core contained into the

capsule and the morphology of microcapsules
(Shahidi and Han, 1993; Park ez al., 2001).

The thermodynamics of water sorption in
dried foodstuffs has drawn interest because it
provides a more thorough interpretation of the
sorption isotherm phenomenon and helps to
understand better the sorption mechanism. Sorption
isotherms are useful thermodynamics tools in
determination of water interactions and components
of the foods, operation conditions and processing
like drying, mixing, packing and storage. Stability is
greatly influenced by the moisture sorption
characteristics of the product (Ayranci et al., 1990;
Beristain et al., 2002; Pérez-Alonso et al., 2006).

During and after drying, physical properties
of microcapsules change mainly because of the loss
of its moisture content. Attempts have been made to
characterize these physical properties changes in
terms of such parameters as the changes in volume,
area and shape, these changes in the surface are
directly related to the structure of the drying material
(Moreau and Rosenberg, 1998; Kerdpiboon and
Devahastin, 2007). A noninteger dimension called
surface fractal dimension, D;, has been widely used
to characterize particle surface roughness. It is an
operative measure of the surface and structural
irregularities of a given solid that present self-
similarity. The value of D, varies from 2 for a
perfectly smooth surface to 3 for a very rough
surface (Tang et al, 2003). Doulia et al. (2000)
proposed the use of fractal theory as an alternative to
describe complex mechanisms involved in drying:
moisture gradients into the particles may cause
mechanical tension which, in turn, will cause
irregularity of the particle not only along the process
but also as final product.

Studies leading to the description of
morphological changes of particles along spray
drying, including evaluation of ruggedness of these
particles in terms of the fractal dimension of the
product, may give an insight of the complex
phenomena of morphology development during
spray drying (Alamilla-Beltran et al., 2005). The
fractal theory has been used to describe the
microstructure changes and mechanical property
changes of foods and drugs, these changes can be
evaluated through Scanning Electronic Microscopy
(SEM) coupled a fractal analysis to monitor changes
of some properties; i.e., shrinkage in function of its
shape, area and volume to describe microestructural
changes in processing applications (Quevedo et al.,
2002; Kerdpiboon and Devahastin, 2007).

The aim of this work was to obtain spray-
dried microcapsules of manzano chilli sauce using
different biopolymers as wall materials and different
wall to core material ratios and determine their: (2)
water vapor adsorption isotherms; (b) surface fractal
dimension, (c) surface topology by Scanning
Electron Microscopy, and (d) rehydration times.

It is hoped that by doing this, an
interrelationship between formulations, structural
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features and rehydration properties can be
established, contributing to the knowledge for
obtaining spray dried products with enhanced
functional properties.

2. Materials and methods
2.1. Materials

Manzano chilli, garlic, mustard and vinegar were
acquired in a supermarket in the Toluca, State of
Mexico, Mexico. Whey protein concentrate with
80% of protein in d.b. (WPC; Hilmar™ 8000,
Hilmar Ingredients, Hilmer, CA, USA), gum Arabic
(GA; Drogueria Cosmopolita S.A. de C.V., Mexico,
city) were used as wall materials. Salts analytic grade
of L|C|, KC,H;0,, K,COs,, MgN035HZO, NaNO,,
NaCl y KCI, were purchased in Sigma Aldrich Co.
(Toluca, State of Mexico, Mexico). Water used in the
experiments was bidistilled.

2.2. Manzano chilli sauce (MCHS) preparation

Manzano chillies and garlic were manually cleaned
by removing all foreign matter, disinfected with a
sodium hypochloride solution (0.02 M), cut into
small squares, and deseeded. 500 g of manzano chilli
was mixed with 30 g of mustard, 1 g of garlic and 83
g of vinegar and blended (O/4655 classic blender,
Osterizer Inc., USA) until a homogeneous mixture
was obtained. The manzano chilli mixture was
passed through a Tyler # 9 (2000 um) sieve in order
to obtain the manzano chilli sauce (MCHS).

2.3. Preparation of the oil-in-water emulsions and
spray-drying

Three different types of oil-in-water emulsions
(O/W) were prepared using wall to core material
ratios (WCMR) of 2:1 and 4:1, consisting of gum
Arabic (GA100%), whey protein concentrate
(WPC100%) and a blend of both biopolymers
(GA50%-WPC50%) as wall materials. The required
amount of MCS was added dropwise to the required
amount of wall materials solution using the Ultra-
Turrax T50 homogenizer (IKA®-WERKE Works
Inc., Wilmington, N.C., USA) at speed of 5200 rpm
during 5 min. All the emulsions had a volumetric
dispersed phase (¢)of 0.10. The biopolymers
solutions were maintained in an iced water bath in
order to keep the emulsion temperature below 30°C
(Koberstein-Hadja and Dickinson, 1996). The O/W
emulsions with 30% (for the 2:1 WCMR) and 50%
(for the 4:1 WCMR) solids content were fed at a rate
of 40 ml/min to a 8K2SRMA series 193 spray-dryer
(Confad Industry, Mexico, city, Mexico) operated
with an atomization pressure of 4 bar, an inlet air
temperature of 170 °C and an outlet air temperature
85 °C.

2.4. Sorption isotherms of microcapsules

Microcapsules of MCHS were put into petri dishes,
so that they covered completely and homogeneously
the dishes surface. The dishes were then introduced
into glass desiccators, containing P,Os as a desiccant,
at room temperature for 3 weeks in order to reduce to
moisture content (~2%) of the powders. The
adsorption isotherms were determined at 35 °C using
the gravimetric method described by Lang et al.
(1981). Approximately 1.0 g samples of each
microcapsule were put into small glass desiccators of
10 cm diameter which contained saturated solutions
of different salts (LiCl, KC,H30, K,COs,
MgNO3.5H,0, NaNO,, NaCl y KCI) that provided
water activities (a,) in the range of 0.108-0.821
(Labuza et al., 1985; Dominguez-Dominguez et al.,
2007). Filter paper (Whatman No. 1), placed above
the saturated salt solutions, in a perforated plate used
as support for the powders and for allowing moisture
transmission. Five desiccators of each powder were
placed into forced convection drying ovens (Riossa
model E-51, Mexico) at 35 +0.1 °C. The powders
were weighed with an Ohaus electronic balance
(model AP210, Pine Brook, NJ, USA) every five
days until equilibrium was achieved. Equilibrium
was assumed when the difference between two
consecutive weightings was less than 1 mg/g of
solids. The time to reach equilibrium varied from 20
to 25 days. Moisture content of the humidified
systems was determined by difference in weight after
drying in a vacuum oven (FELISA, Mexico City,
Mexico) at 60 °C in the presence of magnesium
perchlorate desiccant. The water activity was
measured with an Aqualab water activity meter with
temperature compensation (model series 3 TE,
Decagon Devices, Inc., Pullman, WA, USA). The
Guggenheim-Anderson-De Boer (GAB) equation
was used in modeling water sorption (Rizvi, 1986):
M M CKa, )
(l— Ka, ) (l— Ka, + CKaw)
where M is the equilibrium moisture content (kg
water/100 kg dry solids); M, is the monolayer water
content (kg water/100 kg dry solids), a,, is the water
activity, and C is the Guggenheim constant, given

by:

RT

where ¢’ is the equation constant; 4, is the total heat
sorption of the first layer (kJ/mol); 4, is the total heat
of sorption of the multilayers (kJ/mol); R is the
universal gas constant (kJ/mol K); T is the absolute
temperature (K), and K is the constant correcting
properties of the multilayer molecules with respect to
the bulk liquid, and given by:

K=k 'exp(—th_Th” j (3)

C:c'exp(hm_h"j @)
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where &’ is the equation constant; h, is the heat of
condensation of pure water (kJ/mol). The parameters
were estimated by fitting the mathematical model to
the experimental data, using non-linear regression
with Polimath software version 5.1. Goodness of fit
was evaluated using the relative percentage
difference between the experimental and predicted
values of moisture content, or mean relative
deviation modulus (E), defined by the Eq. (4)
(Lomauro et al., 1985; Aguerre et al., 1989;
McLaughlin and Magee, 1998). It is generally
assumed that a good fit is obtained when E < 5%.

100 « |M, — M, |

E="—ML - = 4

2T @

where ; is the moisture content at observation i; My,

is the predicted moisture content at that observation
and N is the number of observations.

2.5. Surface fractal dimension (Dy)

Surface fractal dimension of microcapsules was
determined through water vapor sorption isotherms,
using the modified Frenkel-Halsey-Hill theory (Tang
et al., 2003). Values of monolayer moisture content
(M,) calculated from the fits of adsorption isotherms
of microcapsules at different ratios of wall material
to core material (2:1 and 4:1), was calculated
moisture content (M) using the GAB model. Tang et
al. (2003) derived an expression for D, from an
analysis of multilayer adsorption to a fractal surface:

In(%}:B+AIn(uw) (5)

where B is the intercept, 4 is an exponent of potency
law which depends of D, and the adsorption
mechanism (0). Linearization of Eq. (5) permits to
obtain 4 from the slope, and this parameter provides
an estimation of the adsorption mechanism taking
place:

5 =3(1+4)-2 (6)

If 6>0, the adsorption mechanism is by
superficial tension, capillary condensation or
porosity, and D, is determined as follows (Pfeifer
and Cole, 1990; Pfeifer, 1991):

A =D, -3 @)

If 6<0, the adsorption mechanism occurs by
van der Waals forces, and the relation between 4 and
D, is expressed as follows (Wu and Suchsland,
1996):

D, -3
3 ©)

Finally the number of layers adsorbed (n) is

determined by:
1
(3-Ds)
n= [%j (9)

A=

M

2.6. Morphology of microcapsules by scanning
electronic microscopy (SEM) analysis

A JSM-5800LV model scanning electron microscope
(Jeol Co. Ltd., Tokyo, Japan) was used to investigate
the microstructural properties of the spray-dried
encapsulated powders. The samples were placed on
the SEM stubs using a two-sided adhesive tape (Ted
Pella, Redding, California, USA). The samples were
subsequently coated with aurum using a magnetron
sputter coater (Denton Vacuum Model, USA), at 100
militorrs and 15 mA. The coated samples were then
analyzed using SEM operating at an accelerating
voltage of 15 kV. The micrographs representing the
microstructure of the encapsulated powders were
taken by the instrument’s software installed on a PC
connected to the system.

2.7. Rehydration time

The rehydration capability of the powders was
evaluated according to Martinelli et al. (2007).
Samples of 1.0 g microcapsules were storaged at
different water activities (a,) between 0.108 and
0.821 and at 35 °C until to reach equilibrium state,
after were completely dissolved in 40 mL of
bidistilled water. It was measured with chronometer
Casio (model HS20, Argentina) the initial time when
the powder touched water until complete disolution
of microcapsules.

3. Results and discussion
3.1. Sorption isotherms

Sorption isotherms at 35°C of microcapsules of
manzano chilli sauce are shown in Fig. 1. The
experimental data were described very well with the
GAB model (Tables 1 and 2), as the mean relative
deviation modulus (% E) was <5% in all cases
independently of the ratio of wall to core material
employed. The adsorption isotherms of all the
microcapsules had a typical sigmoid shape that is
known as type Il isotherm, and is characteristic of
several materials such as apple pectin, soy protein,
whey protein, sodium caseinate (Weisser, 1985);
powder of juice lemon, gum Arabic and biopolymers
blends (Martinelli et al., 2007). Sorption isotherms
presented interweaving at different water activities
values (ay). For example, the GA50%-WPC50%
microcapsule presented interweaving with the
GA100% microcapsule (both at a 2:1WCMR) at a,
value of ~0.58, while the WPC100% and GA100%
microcapsules interwove at a,, value of ~0.78. This
means that above these a,, values, the microcapsules
had an enhanced water adsorption capability.
Microcapsules at 4:1 WCMR also presented
interweaving. Interweaving between the GA100%
and WPC100% microcapsules occurred at a,, value
of ~0.65 while that between GA50%-WPC50% and
GA100% microcapsules occurred at a, value of
~0.42.
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Fig. 1. Sorption isotherms of MCHS microcapsules
at 35 ° C, with wall to core material ratios of: a) 2:1
and b) 4:1.

Table 1. Estimated parameters of the GAB equation
for manzano chilli sauce microcapsules at 35 °C with
a 2:1 wall to core material ratio.

M,
wall (kgH,0/100 C K %E
materials
kg d.s.)
GA100% 11.11 17.51 0.717 2.44
WPC 100% 10.48 6.20 0.803 3.40
GA50%- 10.31 15.69 0.762 3.92
WPC50%

GA = Gum Arabic, WPC = Whey Protein Concentrate.

Table 2. Estimated parameters of the GAB equation
for manzano chilli sauce microcapsules at 35 °C with
a 4:1 wall to core material ratio.

M,
wall kgH, 01100 C K %E
materials
kg d.s.)
GA100% 14.32 8.83 0.612 2.79
WPC 100% 9.97 18.62 0.778 4.14
GA50%- 12.85 5.91 0.718 3.77
WPC50%

GA = Gum Arabic, WPC = Whey Protein Concentrate.

The value of the monolayer (A,) is of
particular interest, because it indicates the amount of
water that is strongly adsorbed in specific sites and is
considered as the optimum value at which the food is
more stable (Martinelli et al., 2007; Gabas et al.,

2007). Microcapsules GA100% exhibited higher
monolayer moisture contents of 11.11 and 14.32 kg
H,O/ 100 kg d.s. for the 2:1 and 4:1 WCMR, than for
the WPC100% and GA50%-WPC50%
microcapsules (9.97-12.85 kg H,O/ 100 kg d.s.).
These results can be probably explained in terms of
the location of water in gum Arabic microcapsules.
Strong internal hydrogen bonding occurs in the
molecules of carbohydrates. Under such forces, the
carbohydrate molecules organize themselves in
crystal lattices that include as many hydrogen bonds
as possible. As a result of this organization, various
molecules of water are included in a crystalline
structure (Kim et al., 1996). Iglesias and Chirife
(1982) reported M, values in the range of 4 to 11 kg
H,O/ 100 kg d.s. for several foods, which included
whey protein concentrate, starch, starch gel, and
sucrose, among others.

The parameter C in the GAB equation lacks of
any physical meaning, and may be considered as the
result of mathematical compensation among
parameters. Nevertheless, it provides an important
insight about the degree of the interaction taking
place between the adsorbent-adsorbate molecules.
The values of C for all of the microcapsules ranged
from 6.2 to 17.5 for the 2:1 WCMR and from 5.9 to
18.6 for the 4:1 WCMR. These results are similar to
those reported for microcapsules made with mesquite
gum and gum Arabic (Pérez-Alonso et al., 2006) and
fell within the range of 4.1 to 17.6 reported for the
same foods mentioned above for M, (Iglesias and
Chirife, 1982).

The value of K provides a measure of the
interaction of the molecules in the multilayers with
the adsorbent, and tends to fall between the energy
value of the molecules in the monolayer and that of
liquid water. A value of K below 1 indicates a less
structured state of the adsorbate in the multilayers or
GAB layers (Martinelli et al., 2007). The values of K
in all of the microcapsules ranged from 0.612 to
0.803.

The ¢ parameter provides an estimation of the
mechanism by which water adsorbed in the
microcapsules. As can be observed in Tables 3 and 4,
the values of ¢ for all of the microcapsules was >0,
so that the sorption mechanism was due to capillary
condensation or porosity. Tang et al. (2003) found
similar results for powders of bovine serum albumin
obtained by spray drying.

3.2. Surface fractal dimension (D)

Fig. 2 shows a plot of Ln [Ln (a,,)] versus Ln (M/M,)
for the GA 100% microcapsules in a 2:1 WCRM at
35 °C. A high correlation coefficient (R? = 0.9991)
existed between Ln [Ln (a,)] versus Ln (M/M,), and
this trend occurred for all the microcapsules studied.
The values of parameter 4 were obtained from the
slope of the Ln [Ln (a,)] versus Ln (M/M,) plots
(Tables 3 and 4). The values of parameter 4 fell in
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Fig.2. Linear fit of the water vapor adsorption
isotherms for GA100% with 2:1 wall to core material
ratios of ratio at 35 °C.

between 2.7884 to 3.8658. These 4 values were used
in conjunction with 6 (computed with Eq. 6) for
calculating D, using Eq. (7). The values of D, were:
2.30 (GA100%), 2.04 (WPC100%), 2.20 (GA50%-
WPC50%) for the 2:1 WCMR and 2.43 (GA100%),
2.17 (WPC100%), 2.25 (GA50%-WPC50%) for the
4:1 WCMR (Table 3). D, is a mathematical
parameter that provides information regarding the
external microstructural features of solids (topology).
When D, has a value of 2.0 the solid has a smooth
topology, but as the value of D, approaches to 3.0,
solid surface topology is considered as rough. From
this point of view, all our microcapsules had a
relatively smooth topology which was from highest
to lowest as follows: WPC 100% > GA50%-
WPC50% > GA100%. n represents the number of
water adsorbed layers on the microcapsules, and is a
function of moisture content. Pfeifer (1991) obtained
D, values between 2.06 to 2.51for porous silica
solids which fall within our D, value range.

The values of »n varied from 0.39 to 3.37 for
the 2:1 WCMR and from 0.21 to 3.31 for the 4:1
WCMR (Tables 3 and 4). Tang et al. (2003) that
when » fall in between 1.0 and 2.0, i.e., around

monolayer coverage, correct values of D, were
obtained. At higher coverages, i.e., n > 2.0, the
adsorbed molecules form multilayers the value of D
tends to increase, and may be incorrect.

3.3. Morphology of microcapsules by SEM analysis

SEM micrographs of the microcapsules at 2:1 and
4:1 WCMR at a,, = 0.515 are shown in Figs. 3 and 4.
Independently of the WCMR used to form the
microcapsules, those made with WPC 100% showed
a smoother surface topology than those made with
GA50%-WPC50% and GA100%. The latter ones are
characterized by showing multiple dimples in their
surface (Figs. 3a, 4a). The microcapsules made with
a mixture of WPC and GA showed intermediate
topology (Figs. 3b, 4b). Thus, surface topology of
the microcapsules was highly dependent on the
nature of the biopolymers used as encapsulating
agents (Morr and Ha, 1993; Krishnan et al., 2005 a,
b). Surface topology is clearly interrelated with D;.
Surface topology tended to be less smooth as D
increased from a value of 2.0 towards 3.0. Our
results are in agreement with other morphological
studies made on microcapsules obtained by spray-
drying and using biopolymers as wall materials
(Buffo et al., 2002; Alamilla-Beltran et al., 2005;
Shu et al., 2006; Jafari et al., 2007).

3.4. Rehydration times

One of the main drawbacks of powdered products is
the difficulty found when trying to rehydrate them. A
functional powder food should be wetted quickly and
thoroughly, sink into the liquid (water) rather than
float on the surface and disperse or dissolve within a
short period time without lump formation. Fig. 5 a
and b show the plots of water activity against
rehydration times of the microcapsules made with
2:1 and 4:1 WCMR, respectively. The necesary time

Table 3. Surface fractal dimension for manzano chilli sauce microcapsules with a 2:1

wall to core material ratio.

Wall materials A R’ 0 D,

n
GA100% -0.6976 0.9991 3.0929 2.30 0.53-3.37
WPC 100% -0.9553 0.9929 3.8658 2.04 0.39-2.84
GA50%-WPC50% -0.7999 0.9961 3.3996 2.20 0.57-3.26
GA = Gum Arabic, WPC = Whey Protein Concentrate.
D, = surface fractal dimension, » = number of adsorbed layers, R?= correlation coefficient.
Table 4. Surface fractal dimension for manzano chilli sauce microcapsules with a 4:1
wall to core material ratio.
Wall materials A R? 5 D, n
GA100% -0.5695 0.9249 2.7084 243 0.21-2.83
WPC 100% -0.8255 0.9934 3.4764 2.17 0.64-3.31
GA50%-WPC50% -0.7473 0.9965 3.2420 2.25 0.25-2.72

GA = Gum Arabic, WPC = Whey Protein Concentrate.
D, = surface fractal dimension, » = number of adsorbed layers, R?= correlation coefficient.
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s

Fig. 3. Topology of the microcapsules with a 2:1 wall to core material ratio: a) GA 100%, b)

GA50%-WPC50% at a,, = 0.515.

b)
with a 4:1

a) A A
Fig. 4. Topology of the microcapsules
GA50%-WPC50% at a,, = 0.515.
70

A
L]

> eonm

o>

.
= WPC100%

* GA100%

4 GA50%-WPC50%

—TT T T T T T
01 02 03 04 05 06 07 08

Water activity (a,)

0.0 0.9

a)

to the manzano chilli sauce microcapsules were
dispersed in water after the dry process was of 12-45
s at a, values between 0.4-0.5, i.e., monolayer
coverage conditions. The GA100% microcapsules at
2:1 (12 s)and 4:1 (25 s) WCMR showed lower
rehydration than their WPC100% (43 s for 2:1
WCMR and 47 s for 4:1 WCMR) and GA50%-
WPC50% % (38 s for 2:1 WCMR and 45 s for 4:1
WCMR) counterparts. Thus, rehydration times were
shorter the less smooth were the surface topologies
of the microcapsules. This phenomenon may be due
to the dimples and flaws present in the surface of the
microcapsules that exhibited larger D, values. The
more flawed the microcapsule surface, the easier the
penetration of water into the microcapsules interior,
which on turn facilitates water adsorption in specific
sites.

www.amidiq.org

Time (s)

b)
Fig. 5. Topology of the GA100% microcapsules with a 4:1 wall to core material ratio: a) a,, = 0.108, b) a,, = 0.743.
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Figs. 5 a and b show SEM micrographs for the
GA100% microcapsules for a 4:1 WCMR at a,,’s of
0.108 and 0.743, respectively. A similar behavior
was shown at the same water activities for the WPC
100% and GA50%-WPC50% microcapsules.
Rehydration times were much longer at a,’s below
0.4 or above 0.5 (Fig. 5 a and b). At a,, of 0.108 the
microcapsules show a topology that is very similar to
that shown by the microcapsules at a,, between 0.4-
0.5. However, in the former the surface coverage is
well below the monolayer value, so that more time is
required for achieving this state (Fig. 6a). When a,, is
0.743 the microcapsule original structure is
completely lost (Fig. 6b) due to the dissolution of the
wall material, which leads to extensive fusing of the
microcapsules,  which  hinders  rehydration
(Rodriguez-Huezo et al., 2004).
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b) e d
Fig. 6. Rehydration times of the microcapsules at 35
° C with wall to core material ratios of: a) 2:1 and b)
4:1.

Conclusions

The surface fractal dimension provided a quantitative
indicator for establishing surface topology the
microcapsules. Higher surface fractal dimension
values were obtained for microcapsules with 4:1 than
2:1 wall to core material ratios. The surface fractal
dimension was useful tool for characterizing the
surface topology smoothness of the microcapsules.
Rehydration times of the manzano chilli sauce
microcapsules were affected by water activity and
wall material composition and by wall to core
material ratios. Best rehydration conditions occurred
for water activities in between 0.4-0.5 which
corresponded to monolayer coverage conditions. The
less smooth the topology of the microcapsules, the
quicker their rehydration time.
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