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Encapsulation of beetroot extract (Beta vulgaris L.)
obtained by internal and external ionic gelation: a comparative study
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Natural pigments, like betalains found in beets, are sensitive to environmental conditions, which may impact their reactivity
and shelf-life. Microencapsulation is an attractive alternative for delivering these compounds, offering protection through
polymeric microcapsules. The aim of this study was to compare two ionic gelation methodologies, external (EG) and internal
gelation (IG), in the microencapsulation of beet aqueous extract. Particles were obtained by mixing sodium alginate with
the aqueous extract of beetroot and crosslinking with calcium chloride solution using the extrusion method. Encapsulation
characteristics and physical, morphological features were evaluated. The particles showed 10.72 and 89.90% encapsulation
efficiency for EG and IG, respectively. Loading capacity was 18.90% for EG and 25.60% for IG. Those IG particles showed
superior water absorption capacity during rehydration. Texture analysis indicated that EG particles showed greater hardness.
Release kinetics indicated that EG particles followed the Korsmeyer-Peppas model, while IG particles followed the Higuchi
model. Thus, the appropriate encapsulation technique should be selected depending on the food matrix to be used and the
specific objective of delivering the active encapsulated molecules.

Keywords: alginate; encapsulation; controlled release; food additive.

Practical application: The mechanism of ionic gelation influences the final characteristics of the particles.

1 INTRODUCTION

Beetroot (Beta vulgaris L.) is rich in betalain compounds,
water-soluble pigments containing nitrogen, which are charac-
terized by their high antioxidant activity, with potential applica-
tions in the food, cosmetic, and pharmaceutical industries (Ro-
driguez-Félix et al., 2022; Yang et al., 2021). Betalain derivatives
can be classified as betacyanins (red—violet color) and betaxan-
thins (yellow-orange color) (Celli & Brooks, 2017; Luiza Koop
et al., 2022). However, natural food dyes and pigments, such
as betalains, have poor thermal stability and may be unstable
in the presence of oxygen and light (Li et al., 2022). In addition,
beetroot betalains are marred by an earthy taste (Luiza Koop
etal., 2022). Encapsulation technology is a well-known method
to protect bioactive compounds from adverse conditions and
mask unpleasant flavors/odors by forming a protective barrier
with the encapsulated compound, thereby extending the shelf-
life of the substances and providing controlled release under
specific conditions (Alexandre et al., 2019; Barroso et al., 2021).

Among the encapsulation techniques, ionic gelation is
used to obtain particles from nano to macro sizes and offers
advantages over many other methods due to its simplicity,

cost-effectiveness, and independence from high temperatures
or organic solvents (Kurtulbas et al., 2022; Otélora et al., 2018).
In gastronomy, the ionic gelation technique is commonly known
as basic spherification (external ionic gelling) and reverse spher-
ification (internal ionic gelation), used for preparing caviar,
ravioli, pasta, teas, and other beverages.

This study compares beetroot particles obtained by external
ionic gelation (EG) and internal gelation (IG) techniques based
on their characteristics. EG occurs from the interaction of the
dripped alginate polymeric solution into an ionic solution, such
as calcium chloride, under constant agitation. The compound
to be encapsulated is mixed with the polymeric solution, and
spherical gel structures form as the drops reach the ionic solu-
tion (Da Silveira Caceres de Menezes et al., 2015; Kurozawa
& Hubinger, 2017). On the other hand, IG produces particles
from an insoluble calcium salt, for example, calcium carbonate,
dispersed in a polymeric solution containing the active agent.
The solution is dripped into an acidified oil medium where Ca*
ions are released, leading to alginate crosslinking (Kurozawa &
Hubinger, 2017). Studies have reported that the encapsulation
of hydrophilic compounds by IG can be a useful methodology
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to avoid diffusion into the crosslinking solution, enhancing
encapsulation efficiency and promoting homogeneous gel for-
mation (Bel§¢ak-Cvitanovic et al., 2016; Kurozawa & Hubinger,
2017; Wang et al., 2023).

In this work, sodium alginate was chosen as the polymer
to encapsulate betalain. Alginate is a polysaccharide normally
extracted from the cell wall of brown algae and widely used
in ionic gelling techniques due to its biodegradability, filmog-
enic properties, non-toxicity, and lack of interaction with the
active principle. In the presence of bivalent cations like Ca?*,
alginate undergoes a transition from solution to gel (Dodero
etal., 2019; Kurozawa & Hubinger, 2017; Kurtulbas et al., 2022;
Noor et al., 2022).

Thus, the aim of this study was to encapsulate betalains in
beetroots extract using the ionic gelation technique. The per-
formance of particles formed by both EG and IG was evaluated
and compared in terms of encapsulation efficiency, morphology,
mechanical properties, pH resistance, and release kinetics.

2 MATERIALS AND METHODS

2.1 Materials

Beetroot and canola oil were purchased at a local market
in Fortaleza. The chemical reagents, including alginate, acetic
acid, citric acid, sodium citrate, calcium chloride, and calcium
carbonate, were purchased from Dindmica Quimica Contem-
pordnea Ltda. (Sao Paulo, Brazil).

2.2 Extraction of compounds from beetroot

The beetroots were sanitized, cut with peels, and added
to water in a ratio of 1:2 (m/v). Then, they were crushed in a
blender, and the mixture was adjusted to pH 5.5 with 0.2 M citric
acid. Afterwards, the solution underwent ultrasound treatment
with a 22-mm diameter probe (Hielscher Ultrasonics HmnH,
model UP 4008, 24 kHz) for 20 minutes. Finally, the extract was
frozen in an ultrafreezer (Sanyo VIP, Temperature Freezer Model
MDE-U33V) at -85°C for freeze-drying (CHRIST, model 1-8
LSC basic). The resultant dry mass was ground in a knife mill
and stored in polypropylene bags away from light.

2.3 Formation of particles by external and internal gelation

The particles were obtained via EG, according to Castelo
et al. (2020), with adaptations. For encapsulation, 10 mL of
alginate solution 2% (m/v) was mixed with 3.3 mL of aqueous
beet extract (1:20) (m/v) to obtain a final concentration of 1.5%
(v/v). The solution was inserted into the encapsulator (Biichi,
model B-395, Essen, Germany) with a 120 pm drip nozzle, flow
rate of 5 mL/min, and frequency of 1,800 Hz. The solution was
dropped into a calcium chloride solution of 2% (m/v), followed
by washing with distilled water to remove excess salt.

The methodology to obtain particles by IG was adapted
from Basu et al. (2018). For encapsulation, 13 mL of alginate
solution 2% (m/v) was mixed with 3.3 mL of aqueous beet ex-
tract (1:20) (m/v) and 1 mL of calcium carbonate 3.6% (m/v)

to obtain a final concentration of 1.5% (v/v). The solution was
inserted into the encapsulator (Biichi, model B-395) with a 120
um drip nozzle, a flow rate of 5 mL/min, and a frequency of
1,800 Hz. The solution was dropped into 50 mL of canola oil
with 80 UL of glacial acetic acid. Then, the particles were washed
with distilled water to remove excess oil.

2.4 Evaluation of encapsulation of beetroot extract

2.4.1 Encapsulation efficiency

Encapsulation efficiency (EE) was determined by weighing
0.5 g of particles and immersing them in 25 mL of sodium citrate
solution 3% (m/v), according to Silva et al. (2022), with adap-
tations. The samples were stirred for 10 minutes on a magnetic
stirrer and then assayed using a spectrophotometer (Cary 50
Cong, California). The values were expressed as total betalain
content from the sum of the concentrations of betacyanins (535
nm) and betaxanthins (490 nm). For quantification, standard
curves were established for betacyanins (y = 0.0005x + 0.0153;
R* = 0.99) and betaxanthin (y = 0.0003 + 0.0212; R* = 0.99) of
the beetroot extract (Equation 1).

Tb
(Ti)x 00
Where:

Tb: the total betalain content, representing the amount of beta-
lain recovered after particle rupture;

Ti: the initial content of betalains used in encapsulation.

2.4.2 Loading capacity

Loading capacity (LC) can be defined as the amount of ac-
tive ingredient loaded per unit mass of carrier particle. LC was
determined by weighing 0.5 g of particles, and was calculated
from Equation 2.

LC= (:—5) x100 )

where:
mb: the mass of the active ingredient (betalain);

mt: the total mass of the particle (active ingredient + carrier
material).

2.5 Morphological and mechanical characterization of particles

2.5.1 Optical morphology, particle size and sphericity

Particle size was determined through images obtained
with an optical microscope (Zeiss, model Axio Imager A2).
Micrographs were captured from random samples of five par-
ticles. Measurements of transverse and longitudinal particle
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diameters were performed and the average size was calculated
using the Ferret diameter method (Zanetti et al., 2002), accord-
ing to Equation 3.

_ d+D

™ 3)

Where:
TM: the average size;
d: the smallest diameter of an inscribed circle;

D: the largest diameter of the circumscribed circle, both con-
cerning the largest cross-section of the particle.

The degree of sphericity of the particles was determined
using the Riley method (Riley, 1941), as indicated in Equation 4.

o |- (4)

where:
®,: the sphericity;
d: the smallest diameter of an inscribed circle;

D: the largest diameter of the circumscribed circle, both in
relation to the largest cross-section of the particle.

2.5.2 Determination of mechanical properties

Texture analysis of particles was performed as described
by Deladino et al. (2008), with adaptations. Seven grams of
particles were weighed and placed in a petri dish with a diam-
eter of 50 mm to fill the entire surface, forming a single layer.
A texturometer (Stable Micro Systems Ltd., model TA-TX21i)
equipped with a 30 kg load cell was used. Compression was
performed using a probe of 0.5 mm diameter at a test speed
of 1 mm/sec and 2 g trigger. The results were expressed in
Newtons (N).

2.5.3 Swelling analysis

The swelling degree (SD) of the particles after drying
was determined according to the methodology proposed by
Xu et al. (2003). The total mass of the initial sample (M.) was
quantified in a Gooch filter, which was then immersed in
distilled water for 24 h. Excess water was removed, and the
final wet mass (M,) was determined. The swelling degree was
calculated based on the initial mass of the sample, according
to Equation 5.

Mf - Mi
p= M 5)

Mf

where:
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SD: the swelling degree;
MTf: the final wet mass;

Mi: the initial total mass.

2.5.4 Resistance to different pH values

The resistance of the particles was determined at pH
values of 2, 3, 4, 5, 6, and 7. Each sample was immersed
in 25 mL of water, and the pH was adjusted with 0.1 M
hydrochloric acid or 0.1 M sodium hydroxide. Then, read-
ings were taken using a spectrophotometer (Cary 50 Conc,
California) at wavelengths of 490 nm for betaxanthins and
535 nm for betacyanins.

2.6 Release study and kinetic evaluation

The release study was performed by varying time intervals
from 0 to 120 minutes. A total of 0.5 g of particles was added to
25 mL of water. Samples aliquots of the solution were taken at
different times and analyzed using a spectrophotometer (Cary
50 Conc), at wavelengths of 490 nm for betaxanthins and 535
nm for betacyanins.

To assess the release mechanism, the data were fitted to
mathematical models that describe zero-order, first-order, Higu-
chi, and Korsmeyer-Peppas kinetics (Equations 6-9), as defined
by Silva et al. (2022):

Zero-order:Q = Qg — Ky t (6)
First-order: InQ = InQ, — K, t (7)
Higuchi: Q = Ky t'/? ®)
Korsmeyer-Peppas: Q = Kyp t" )
where:

Q: the amount of active ingredient released at time t;
Q,: the initial amount of active ingredient in the solution;

n: the diffusion exponent indicative of the transport mechanism
of the active ingredient;

K, K, K, and K, : release rate constants for the respec-
tive models.

2.7 Statistical analysis

Analysis of variance (ANOVA) with repeated measures
was used to evaluate statistically significant variables and their
interactions. Significant differences between samples were de-
termined using Tukey’s test (p < 0.05). Statistica® software was
used for the statistical analysis (version 10.0, StatSoft Inc.).
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3 RESULTS AND DISCUSSION
3.1 Evaluation of beetroot extract encapsulation

3.1.1 Encapsulation efficiency and Loading capacity

EE and LC are two essential parameters for the evaluation of
the encapsulation process. High EE values indicate a significant
amount of the active compound in the particle. EE values varied
between 10.72 and 89.90% for the EG and IG techniques, respec-
tively. It was possible to observe that the betalain content of EG
particles was quickly diffused into the crosslinking solution due
to concentration differences between the aqueous solution and
capsules. However, for lipophilic compounds, EG demonstrated
better encapsulation efficiency than IG, as it reduces interactions
with the environment (Somacal et al., 2022). In addition, the
particles produced by EG have a porous gel structure, which
allows the quick and easy diffusion of water and other fluids
both inside and outside the matrix particle (da Silva Carvalho
et al., 2019; Naranjo-Durén et al., 2021; Somacal et al., 2022).
Our results suggest that IG could serve as an alternative for
encapsulating hydrophilic compounds to minimize or prevent
their diffusion toward the crosslinking solution, since the en-
capsulation process occurs in the oil phase, resulting in higher
EE in these cases (Li et al., 2023).

Particles obtained by EG and IG presented LC of 18.90 and
25.60%, respectively. The literature reports that > 50% loads have
disadvantages in encapsulation, since it reduces the protection
of the active material and facilitates its release into the media
(Shaddel et al., 2018). Consequently, lower LC values offer bet-
ter protection and are related to particle morphology and size
(Calderdn-Oliver et al., 2017).

3.2 Morphological and mechanical characterization of particles

3.2.1 Optical morphology

The morphological characteristics of EG and IG particles
were evaluated regarding their morphology both before and after
the drying and rehydration processes (Figure 1). Particles from
both encapsulation methods (Figures 1A and 1B) exhibited
smooth surfaces with no apparent cracks. Following drying by
lyophilization and subsequent rehydration in distilled water for
24 hours (Figures 1C and 1D), morphological analysis was car-
ried out. The EG particle obtained had a more significant change
on its surface, with a more wrinkled appearance. This change
may be attributed to a more porous matrix, facilitating greater
diffusion from the material to the external environment (Yousefi
et al,, 2020), causing particle deformity.

In contrast, the IG particle, with its more compact matrix,
allowed only the slightest changes in the spherical appearance.
Similar results were found by Lupo et al. (2015), where particles
produced by EG exhibited greater porosity in their microstruc-
ture compared to those obtained by IG, which displayed a more
compact structure. Da Silva Carvalho et al. (2019) observed a
macroporous structure in alginate capsules produced using
the EG technique, allowing extensive interaction of the active

200 pm 200 um

200 pm 200 pm

Figure 1. Optical micrographs and particles of betalain extract.
(A) EG particles, (B) IG particles, (C) rehydrated EG particles, (D)
rehydrated IG particles, (E) visual aspect of EG particles, and (F) vi-
sual aspect of IG particles.

agent with the external environment, such as oxygen, potentially
leading to the degradation of active compounds. Therefore, the
selection of the encapsulation method and subsequent drying
are crucial for enabling longer storage time and maintenance of
the biological properties of the encapsulated material (Zhang
etal., 2020). Visually, it is noticeable that the IG particle (Figure
1F) displayed a brighter surface than the EG particle (Figure 1E).

3.2.2 Particle size and sphericity

The particles obtained had an average diameter (AD) of
750.17 £ 23.98 um for EG and 2,680.23 + 29.73 um for IG.
Several factors may influence the size and shape of alginate
particles, e.g., the surface tension and viscosity of the alginate
solution and the concentration of salt used in the reticulation
of the encapsulating matrix (Kurtulbas et al., 2022). Spherici-
ty values were 0.95 + 0.01 for EG and 0.98 £ 0.01 for IG; both
are close to one (1), indicating that the resulting particles are
spherical. Sphericity values relative to those found in this work
were also reported by Castelo et al. (2020), who used the same
frequency of 1,800 Hz to form alginate particles to encapsulate
pequi oil. The desirable sphericity of the particles suggests that
both the surface tension of the alginate solution and the oper-
ational parameters of encapsulation were optimized to yield
homogenous particles (Labus et al., 2018).

Food Sci. Technol, Campinas, 44, €00225, 2024
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3.2.3 Swelling analysis

After freeze-drying, the rehydrated particles (Figure 2)
showed swelling values between 82 and 85% for EG and from
92 to 97% for IG, attesting that the particles obtained by IG
exhibited greater rehydration capacity than those obtained by
EG. The IG particles exhibited rapid rehydration within the first
few hours, followed by equilibrium in the swelling rate.

The swelling capacity is related to the presence of Ca** ions
during the crosslinking step, which in the case of the EG particles
happens in the external structure. The particles appeared hard,
and presented greater hardness in texture analysis. The Ca*
content and the force of attraction with alginate promoted re-
duced swelling (Glinter et al., 2020; Li et al., 2019). Conversely,

100
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3
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7]
3 | i
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£ 851
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2 ]
(7] | .
80 '
N —=— EG
—— IG
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0 50 100 150 200 250 1300 1350 1400 1450
Time (min)

Figure 2. Swelling analysis of beet extract particles from EG and IG
for 1,450 minutes.

IG particles (Figures 1C and 1D) were obtained in the sample’s
presence of insoluble calcium salt before gelation in acidified
canola oil (Zhang et al.,, 2023). This mechanism favored ob-
taining particles with lower hardness and greater capacity to
absorb water.

3.2.4 Determination of mechanical properties

The evaluation of particle hardness resulted in 3.83 £ 0.54
N and 1.12 £ 0.10 N for EG and IG, respectively. These results
indicate that EG particles were significantly harder than IG
ones (p < 0.05). Similar findings were reported by Rajmohan
and Bellmer (2019) in the characterization of spirulina particles
formed by ionic gelation, and by Lupo et al. (2015) in compar-
ing ionic gelling techniques in cocoa extract encapsulation,
corroborating our findings in which the particles obtained by
EG showed greater hardness than those obtained by IG. This be-
havior is related to the crosslinking of particles in the presence
of Ca** ions. In EG, ions diffuse from an external source into the
polymeric solution, whereas for IG, an insoluble calcium salt
is added to the polymeric matrix containing the compound to
be encapsulated, releasing ions in an acidic medium (Kouamé
etal., 2021; Lupo et al,, 2015).

3.2.5 Resistance of particles to different pH values.

The particles obtained were also evaluated at different pH
values (2, 3, 4, 5, 6, and 7) (Figure 3). This analysis is especially
important for potential applications of these particles since
betalain stability may be pH-dependent.

In general, betalain stability was better preserved in the
EG particles (Figure 3A). The highest betalain release occurred
at pH 4-5, significantly different from other pH values. This
can be rationalized by a disorder in the calcium-alginate
structure when the particles are above the pKa values of man-
nuronic acid (pKa = 3.38) and glucuronic acid (pKa = 3.65)

Figure 3. Release of betalain from particles subjected to a pH range of 2 to 7. (A) External ionic gelation and (B) Internal ionic gelation.

Food Sci. Technol, Campinas, 44, 00225, 2024
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(Wongverawattanakul et al., 2022), the building blocks of al-
ginate (Dalponte Dallabona et al., 2020).

At pH values below pKa, the carboxylic groups of alginate
are in COOH form, increasing hydrogen-bonding strength.
The opposite effect occurs at higher pH when the carboxylic
groups are in COO- form. This negative charge causes repulsion
of the alginate polymer chain, leading to polymer swelling and
facilitating the release of the encapsulated compound (Camacho
etal., 2019). Thus, IG particles had a higher release of betalains
at pH 7, due to the conditions under which they are formed.
Alginate matrices have been widely used in encapsulation for
release in the lower gastrointestinal tract due to their pH-de-
pendent release (Wagqas et al., 2022).

3.6 Release study over time and kinetic evaluation

3.6.1 Study of Release

The release profile of the encapsulated active material is
essential to understand the release mechanism (Silva et al.,
2022). In the release of betalain particles in water (Figure 4),
EG particles showed a rapid release of the active compound
up to 120 min (“burst” effect), with a more pronounced effect
between 20 and 40 min. Still, the release effect was maintained
until the maximum time was analyzed (120 min). On the other
hand, the IG particles obtained their “burst” effect up to 40 min,
reaching maximum release with no further changes until 120
min. Therefore, for the subsequent study of release kinetics,
values up to 120 min for EG particles and up to 40 min for IG
particles will be considered. EG particles reached a final release
of 60% at 120 min, while IG particles reached a maximum final
release of 100% in the same time frame (Figure 4).

Studies reported by Lin et al. (2021) found that particles
prepared via EG had stronger crosslinking between Ca** ions
and alginate molecules compared to particles prepared through
IG. This phenomenon also explains the lower release of betalain

100

80

60 4

40

Betalains release (%)

20

—=— EG
—— |G

T T T T T T T T T T T T T T
2 4 6 8 10 12 15 20 40 60 80 100 120

Time (min)

Figure 4. Release of beet extract particles obtained by EG and IG par-
ticles in distilled water (pH 7) over time.

observed in EG particles due to the matrix’s increased rigidity
stemming from enhanced interaction with alginate. Lupo et al.
(2015) confirmed the formation of a significantly rigid layer on
the surface of the particles prepared using EG, leading to greater
external hardness, justifying its lower release rate. According to
those authors, during EG, an outer layer of gel was formed,
delaying the diffusion of calcium ions into the interior of the
macroparticles; thus creating a heterogeneous matrix with a
poorly crosslinked core due to the lack of calcium ions.

3.6.2 Kinetic study

The results obtained up to 120 min and 40 min for EG
and IG particles were analyzed using mathematical models
to simulate the release mechanism of the active material from
the particles. The values of the kinetic parameters used for the
applied models are shown in Table 1.

The zero-order and first-order models, applied to both EG
and IG particles, yielded R* values significantly below the ideal
(0.99). This suggests that these models, which predict a simple
linear release, were not adequate. Instead, the Higuchi and
Korsmeyer-Peppas models were preferred, as shown in Table
1. For EG particles, the Korsmeyer-Peppas model obtained
a high R? value (0.95), indicating its adequacy in describing
betalain release from these particles. For the IG particles, the
Higuchi model presented the highest R?value (0.95); a similar
result was also reported by Budin¢i¢ et al. (2021) and Silva et al.
(2022). The Higuchi model is generally used to study the release
of water-soluble and poorly soluble materials incorporated in
semisolid and/or solid matrices (Costa, 2002). The Korsmey-
er-Peppas model is generally used to analyze polymeric systems
with unknown release mechanisms or when more than one type
of release may be involved (Costa, 2002).

According to the literature, the value of n = 0.43 cor-
responds to the release of the active substance by diffusion
according to Fick’s law, while values below 0.43 indicate pseu-
do-Fickian diffusion (Ferreira et al., 2019). Intermediate n

Table 1. Kinetic parameters for the release of external gelation and
internal gelation particles using mathematical models of zero-order,
first-order, Higuchi, and Korsmeyer-Peppas. K is the release constant,
R?is the correlation coefficient, and n is the diffusion exponent.

Mathematical model EG IG
Zero-order
K, 0.56 1.64
R? 0.88 0.87
First-order
K, 0.03 0.03
R? 0.76 0.67
Higuchi
K, 26.63 11.45
R? 0.92 0.95
Korsmeyer-Peppas
Kkp 1.56 28.02
R? 0.95 0.85
n 0.79 0.34
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values (0.43-0.89) indicate non-Fick diffusion (Zhu et al.,
2022). In this work, diffusion exponent n ranged from 0.79
to 0.33 for EG and IG particles. Thus, betalain release in EG
particles adhered to the Non-Fickian diffusion mechanism,
signifying the coexistence of Fickian diffusion and matrix dis-
solution. Similar results were obtained by Wang et al. (2020),
who obtained diffusion coeflicient values between 0.47 and
0.52 following the non-Fickian diffusion mechanism, which
is, as reported by the authors, the coexistence of Fickian dif-
fusion and corrosion diffusion. For IG particles, n values be-
low 0.43 indicate pseudo-Fickian diffusion, akin to a Fickian
process. Lupo et al. (2015) also obtained n-values lower than
0.43, which may be related to the presence of calcium in the
release medium, which may persist in alginate crosslinking,
delaying betalain release. For EG particles, according to Lupo
etal. (2015), the calcium concentration is more located in the
outer region of the particle, which requires more than one
process, in addition to the diffusion process, for the release
of betalain to occur.

4 CONCLUSION

The selection of the encapsulation method is of great im-
portance and depends on the encapsulated active agent and
the food matrix. In this study, a significantly higher amount of
beet extract was encapsulated via internal ionic gelation, which
can be an essential differential for the choice of this technique.
The type of ionic gelling mechanism directly influences the
technological characteristics of the particles. More significant,
brighter, more elastic particles with greater water absorption
capacity were found with internal ionic gelation. On the other
hand, particles obtained by external ionic gelation showed a
more resistant wall with a lower betalain release rate over 120
minutes. The encapsulating matrix’s structure also influenced
the particles’ release profile in relation to pH, with a greater
tendency for release in a neutral medium for particles from
internal ionic gelation and in an acid medium for particles
obtained by external ionic gelation. Finally, both EG and IG
processes are promising for encapsulation and can mitigate the
chances of chemical compound degradation.
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