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Abstract
Elderberry (Sambucus nigra L.), rich in polyphenols, has recently attracted great interest in functional food, nutraceutical, and
pharmaceutical industries, due to their potential health benefits to humans. However, polyphenols are very sensitive compounds
and unstable. The utilisation of encapsulated polyphenols, instead of free compounds, can overcome some of their limitations.
The extraction of the polyphenols from the elderberry flowers and stems was made, followed by the microencapsulation of the
extract by a spray drying process. The microparticles were characterised by size, morphology, and release profile. The micro-
encapsulated polyphenols were completely released, with total release times that range from 600 to 1140 s. The kinetic models
that have a better adjustment to the practical results are the zero order, the Korsmeyer-Peppas, and the Weibull models, with
correlation coefficients that range from 0.900 to 0.999. The encapsulation efficiency was similar for all the analysed particles,
being the results located in a range from 92.3 to 99.8%. After 8 months of storage, the microparticles were revaluated, being
possible to conclude that the elderberrymicroparticles present very similar release profiles comparing with the ones obtained with
fresh microparticles, which proves the successful encapsulation of the elderberry extract and the stability of the microparticles
over time. This experimental work leads to a very successful encapsulation of elderberry extract.
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Introduction

Elderberry (Sambucus nigra L.) is a deciduous shrub that
grows on sunlight-exposed locations in most parts of
Europe, Asia, North Africa, and the USA. It can reach up to
6 m in height and develop small and white hermaphrodite
flowers, that bloom in early summer, and dark purple berries,
that ripen in late summer (Veberic et al. 2009). Sambucus
nigra L. is widely used as both food and medicinal plant in
Europe. Elderflowers are consumed as herbal tea and its gar-
gle has benefits in respiratory tract illnesses such as cough,
influenza, and inflammation in throat (Ağalar et al. 2017).
Based on a study made in 2009, it is possible to conclude that

the elderberry fruits are composed mostly by sugars, organic
acids, anthocyanins, and quercetins (Veberic et al. 2009).
These last two groups of compounds (anthocyanins and quer-
cetins) were also detected in the elderberry extract, during a
research of Dawidowicz, Wianowska, and Baraniak
(Dawidowicz et al. 2006). It revealed the presence of five
types of anthocyanins and three types of quercetins, being
cyanidin 3-glucoside and cyanidin 3-sambubioside the most
representative anthocyanins and quercetin 3-rutinoside, also
called rutin, the main quercetin in the elderberry cultivars.
The anthocyanins and the quercetins make part of a group of
ingredients called flavonoids. In the nature, they are essential
for diverse biological activities of plants (pollination,
signalisation, and defence strategies) and, when ingested by
human beings, they can act as potential chemo-preventive
agents, neutralising the activities of the free radicals that ac-
cumulate in the human body that, in turn, can cause many
dangerous diseases like cardiovascular diseases, neurodegen-
erative diseases (Alzheimer and Parkinson), or diabetes
(Aguiar et al. 2016; Costa et al. 2015; Dawidowicz et al.
2006). Among their antioxidant capacity, polyphenols
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comprise a wide spectrum of biological activities, such as anti-
inflammatory, anticarcinogenic, immune-stimulating,
antiallergic, antibacterial, and antiviral properties, which leads
to their potential use as therapeutic agents (Aliakbarian et al.
2015). Furthermore, these compounds can also be used on the
modification of organoleptic properties (e.g. colour and fla-
vour), mainly on food applications (Aliakbarian et al. 2015;
Veberic et al. 2009).

In the last years, due to all these beneficial properties, el-
derberry have gain consumer trust. However, its direct use on
industry has some obstacles, due to the low bioavailability,
low water solubility, rapid catabolism and excretion, and low
stability in environmental, processing, and gastrointestinal
conditions of the phenolic compounds (Aliakbarian et al.
2015). They can be degraded if exposed to oxygen, light,
enzymatic activities, adverse temperature and pH conditions,
metal ions, and water, which leads to an alteration of their
the rapeu t i c p roper t i e s (Bakowska-Barczak and
Kolodziejczyk 2011). On the other hand, these factors can
limit the shelf life and bioavailability of elderberry products,
once they can form degradation compounds (off-flavours, off-
colours, carcinogenic) (Balanc and Trifkovic 2015). These
limitations make necessary to create delivery systems that
ensure an efficient utilisation of this natural resource, such as
the use of microencapsulation techniques.

By microencapsulation, a physical barrier is created,
protecting the active substance from the external medium
(Carvalho et al. 2016) and increasing its stability. K.
Mahdavee Khazaei, when studying the viability of saffron
petal’s particles, rich in anthocyanins, produced by freeze-dry-
ing, concluded that microencapsulation could be recommend-
ed as a suitable method for stabilising this type of compounds
(Mahdavee Khazaei et al. 2014). The same conclusion was
drawn by Sarekha Woranuch, when producing chitosan parti-
cles, loaded with eugenol, via an emulsion–ionic gelation
crosslinking method (Woranuch and Yoksan 2013).

In the development of new microparticles, it is necessary to
choose an encapsulating technology and wall material com-
patible with the properties of the active agent that will be
incorporated in the final particles (Davidov-pardo and
Mcclements 2014).

There are various techniques available for microencapsula-
tion that can be divided into three main categories: chemical
processes, physicochemical processes, and physical-
mechanical processes (Estevinho et al. 2016).

Spray drying technique was selected considering that is a
simple, flexible, rapid, low operating cost, and easy scaling-up
technique and allows a large-scale production in continuous
mode, a high encapsulation efficiency, a good stability of the
finished product and easy handling, an easy control of micro-
particles properties, and a good retention of volatiles (Balanc
and Trifkovic 2015; Estevinho and Rocha 2017; Estevinho
et al. 2013a, b; Gonçalves et al. 2016). The commercialisation

of powdery food ingredients is substantially more convenient
than handling liquid ingredients. Dried powders are easier to
handle and to preserve from contamination during storage
and, moreover, they occupy reduced storage volumes
(Gómez-Mascaraque et al. 2017).

Another factor with high relevance in the stability of the
microparticles is the encapsulating agent that can be natural,
semi-synthetic, or synthetic (Gonçalves et al. 2016). In this
work, three different natural agents were selected (sodium
alginate, gum arabic, and chitosan), considering their applica-
bility in food and pharmaceutical industry.

Gum arabic is one of the most ancient and popular natural
gums, being formed by complex polysaccharides and small
amount of protein (Farooq et al. 2017; Gashua et al. 2016). It
has been used mainly in the food industry (confectionary
products, beverages, fruits) due to its emulsifying and
stabilising properties (Dong et al. 2017).

The alginates are natural, linear, and anionic polysaccha-
rides that are commercially available in form of salt, e.g. so-
dium alginate (Dias et al. 2017; Estevinho et al. 2014a).
Sodium alginate, like all the other alginates, has numerous
advantages, like its biodegradability, low toxicity, and
crosslinking capability, what makes this polymer very useful
on pharmaceutical and food applications (Dias et al. 2017).

Chitosan is a polycationic polymer, widely used due to its
interesting intrinsic properties, such as biocompatibility and
biodegradability, and to its low cost and lack of toxicity
(Estevinho et al. 2014a, b). However, despite all its attractive-
ness, chitosan is water-insoluble, being only soluble in acidic
solutions. To solve this limitation, chitosan structure can be
chemically modified, introducing hydrophilic functional
groups or using a depolymerisation process. These procedures
allow the formation of a soluble agent in neutral aqueous
solutions, with a low molecular weight, called modified chi-
tosan. This new compound can now be used on a wide range
of applications in food, pharmaceutical, and cosmetic indus-
tries, including the preservation of foods from microbial dete-
rioration and the protection of some bioactive compounds
(Estevinho et al. 2014b; Estevinho et al. 2013a, b).

Nowadays, there are some studies about the encapsulation
of polyphenols, using the spray drying as encapsulation tech-
nique (Mahdavi et al. 2016a, b; Mahdavi et al. 2014).
However, for the best of our knowledge, there are only 6
studies about the encapsulation of extracts of elderberry
(Bryła et al. 2015; Comunian et al. 2018; Murugesan and
Orsat 2011; Stănciuc et al. 2018; Strugała et al. 2018; Tan
et al. 2018), and only one uses a spray drying process
(Murugesan and Orsat 2011). In this research, Ramesh
Murugesan and Valérie Orsat studied the encapsulation of
elderberry juice by spray drying, using different operation
conditions (inlet temperature and feed flow rate) and encapsu-
lating agents (gum acacia, maltodextrin, soya protein powder,
soya milk powder, and isolated soya protein). In the end,
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viable elderberry microparticles were produced. These parti-
cles were subjected to a characterisation procedure that in-
volved the total phenolic content retention, the colour, and
the powder recovery determination. However, several new
questions appeared with this research, emerging the need to
formulate new studies about the elderberry encapsulation by
spray drying process.

So, in the present work, it was studied the viability of the
production of elderberry particles by a spray drying proce-
dure, using sodium alginate, modified chitosan, and gum ara-
bic as encapsulating agents, to be possible, in the future, their
incorporation into some food and pharmaceutical products.
The encapsulation procedure was also performed with the
major polyphenol described to be in the elderberry extract
(rutin) (Hohnová et al. 2017; Vrchotová et al. 2017) and with-
out using any bioactive compound, for the study of the influ-
ence of the active agent on the properties of the final particles
to be possible. After their formation, all the microparticles
were characterised by size and morphology. The mechanisms
of release were studied, as well as some mathematical models
used to adjust the experimental results obtained in the release
studies. The release profiles of the elderberry particles were
revaluated after 8 months of storage.

Materials and Methods

Reagents and Preparation of the Solutions

Sambucus Nigra L. (elderberry) was directly collected from a
plantation located on the north of Portugal. The extraction of
their bioactive compounds was performed using ethanol
(96%) from Valente e Ribeiro, LDA (described in the
“Extraction Procedure” section).

Rutin, the main polyphenol presented in Sambucus Nigra
L. (elderberry) as described in literature (Hohnová et al. 2017;
Vrchotová et al. 2017), was used as blank/core control and
was provided by Sigma–Aldrich. The microencapsulation
was performed using three different encapsulating agents
(modified chitosan, sodium alginate, gum arabic), each one
of them with a concentration of 1% (w/v). Water soluble chi-
tosan (pharmaceutical grade) was obtained from China Eastar
Group (Dong Chen) Co., Ltd. (Batch no. SH20091010).
Water soluble chitosan was produced by carboxylation and
had a deacetylation degree of 96.5%. The solution of modified
chitosan at 1% (w/v) has a viscosity of 5 mPa s (25 °C).
Sodium alginate (alginic acid, sodium salt) (Cat. No.180947)
was from Aldrich (USA). Arabic gum (ref. 51201-1315371-
24606P04) was from Fluka (Germany). All the encapsulating
agent solutions were prepared in deionised water.

In the characterisation step, more precisely in the determi-
nation of total phenolic content, it was necessary to make a
solution of 15% (w/v) sodium carbonate (Prolabo), i.e. with

15% (w/v) of salt and 85% (v/v) of solvent. Furthermore, for
this determination, the Folin-Ciocalteu reagent was also used
from Sigma–Aldrich and gallic acid also from Sigma–
Aldrich.

All the solutions mentioned before were prepared with
deionised water and subjected to a constant agitation (magnet-
ic agitator –MS-H-Pro, Scansi; SM20, Stuart Scientific), until
complete homogenisation, at room temperature. To avoid their
exposure to the environmental conditions, these solutions
were used immediately after their preparation.

Extraction Procedure

In this experimental work, elderberry was subjected to a sol-
vent extraction with ethanol, performed in an ultrasonic bath.
The extraction was optimised in previous studies and accord-
ing to other studies described in the literature (Bashash et al.
2014; Boonchu and Utama-ang 2015).

In the beginning, elderberry (flowers, stems, and leaves)
was milled with a mortar and pestle and, posteriorly, 2 g of
this extract was mixed with 10 mL of deionised water and 40
mL of ethanol 96%. The resulting solution was agitated (mag-
netic agitator – MS-H-Pro, Scansi) at 560 rpm for 1 h. The
next step was to put the extraction solution in the ultrasonic
bath (Ultrasound – Elma S30H, Elmasonic), for 30 min. After
this period, the solution was centrifugated (Centromix S - 549)
for 10 min and, posteriorly, the supernatant liquid was sepa-
rated from the residues accumulated in the bottom of the con-
tainer. In the end, the beaker with the extract was coated with
aluminium paper, due to the light sensibility of the solution.

Spray Drying Technique

Spray drying was performed using a mini spray dryer BÜCHI
B-290 (Flawil, Switzerland) with a standard 0.5-mm nozzle.
All the solutions were fed into the spray dryer at a flow rate of
4 mL/min (15%) and at an inlet temperature of 115 °C. Air
pressure and aspiration rate were set to 5–6 bar and 100% (36
m3/h), respectively, and the process occurs without using the
nozzle cleaner. The outlet temperature, a consequence of the
other experimental conditions and of the solution properties,
was around 58 °C. The selection of the operating conditions
was based on preliminary studies (B.N. Estevinho et al. 2012;
Estevinho et al. 2013a, b). Approximately 15 min before each
spray drying process, 10 mL of the solution with the elderber-
ry extract was added and mixed with the biopolymer solution
to be used. In the sameway, 10mL of a rutin solution (the core
control) at 0.2% (w/v) was mixed with the encapsulating agent
solution. The rutin microparticles had a final concentration of
2% (rutin/total mass of the microparticles). So, in the end,
these prefaces the total of nine different solutions, fed to the
spray dryer chamber: three with the extract, three with the
rutin, and three with only the encapsulating agents.
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The procedure and the experimental conditions used during
the spray drying were the same for all the samples (with the
elderberry extract, with rutin (core control), and with only the
encapsulating agents).

At the end of the test, the dried powders, recovered from
the equipment, were collected and stored in falcon tubes,
sealed, and covered with aluminium foil, at 4 °C, before fur-
ther analysis.

Determination of Total Phenolic Content

The total phenolic content was evaluated following the Folin-
Ciocalteu method that has been used by several other authors
(Aliakbarian et al . 2015; Bakowska-Barczak and
Kolodziejczyk 2011; Boonchu and Utama-ang 2015;
Consoli et al. 2016). It is based on the transfer of electrons
from phenol ic compounds to phosphomolybdic/
phosphotungstic acid complexes, in alkaline medium, which
leads to the formation of blue complexes (Costa et al. 2015).
This procedure uses the gallic acid as a standard. Gallic acid
spectrum has only one peak, located, approximately, at 273
nm. Several standards were prepared, with concentrations be-
tween 0.001 and 1 mg/mL that were then analysed by UV-Vis
spectrometry at 273 nm. The calibration curve (A = 36.540C +
0.085; A absorbance, C concentration) was obtained and pre-
sented a detection limit of 0.03 mg/mL. The final curve has a
correlation coefficient of 0.998.

In this method, 100 μL of the phenolic extract to be
analysed are mixed with 2 mL of H2O and 1mL of an aqueous
solution 15% NA2CO3. In the end, 200 μL of Folin-Ciocalteu
reagent are added to the previous solution and the absorbance
is measured at 765 nm, after 2 h of incubation at room tem-
perature (Gao et al. 2000). A calibration curve was also pre-
pared, using gallic acid as standard. The calibration curve (A =
4.021C + 0.736; A absorbance, C concentration) was obtained
between 0.2 and 0.8 g/L with a correlation coefficient of
0.974. This calibration curve was applied to the elderberry
extract solution and all the microparticles obtained during
the experimental work to quantify the total phenolic content.

All the results were obtained in triplicate. The final results
should be expressed at mg of gallic acid equivalents (GAE)/L.
In the case of the elderberry extract in its natural form, the
TPC was also expressed at mg GAE/g of plant material. The
total phenolic content was evaluated for the initial particles
and for the particles after 8 months of storage.

Particle Size Distribution Analysis

Particle size distribution was measured by laser granulometry
using a Coulter LS 230 Particle Size Analyser (Miami, FL,
USA). The different samples were characterised by number
and volume average. To avoid the agglomeration of the parti-
cles during the measurements, ethanol at 99% was used as a

dispersant. The results (mean sizes of the particles and the size
distributions (in volume and number)) were obtained as an
average of three runs of 30 s.

All the samples were analysed, namely the particles with
rutin, with the elderberry extract and those prepared with only
the encapsulating agents.

Scanning Electron Microscopy Evaluation

Structural analysis of the surface of the microparticles was
performed by scanning electron microscopy (Fei Quanta 400
FEG ESEM/EDAX Pegasus X4M). The powder samples
were previously fixed on a brass stub using a double-sided
adhesive tape and then they were coated in vacuum by a thin
layer of gold (electrically conductive) in a Jeol JFC 100 appa-
ratus at Centro de Materiais da Universidade do Porto
(CEMUP).

Like for all the other steps of the experimental work, all the
particles obtained by spray drying were morphologically eval-
uated, using a magnification of × 1 000, × 10,000, × 30,000,
and of × 50,000.

Controlled Release Studies

The studies of elderberry extract and rutin release profiles
from the microparticles were performed in deionised water,
to simulate the most common vehicle for incorporation of
particles for delivery systems in the cosmetic, pharmaceutic,
and food industries. Rutin was used as a standard to evaluate
the release from the microparticles.

The rutin calibration curve was prepared with 10 different
standards, with the following concentrations: 0.001; 0.0025;
0.005; 0.0075; 0.01; 0.02; 0.04; 0.05; 0.06; 0.08, and 0.1 g/L.
They were made from a rutin mother solution, with a concen-
tration of 0.02 mg/mL. All the standards were evaluated by
UV-Vis spectrometry. The rutin spectrum presents peaks at 3
different wavelengths on 240, 270, and 370 nm. The calibra-
tion curves were prepared at all wavelengths, presenting very
acceptable correlation coefficients, with values that ranged
from 0.9944 to 0.9971. The coefficient of variation was less
than 10% for all the standards.

Analysing the rutin spectrum, it is possible to verify that the
peak of 370 nm is the most individualised, with well-defined
boundaries, less interferences with the wavelength of the en-
capsulating agents and, for all these reasons, its calibration
curve was selected as the calibration curve to evaluate the
release profiles. Furthermore, this curve allowed to evaluate
the samples until a higher concentration: the calibrations
curves were prepared between 0.001 and 0.06 mg/mL, 0.001
to 0.08 mg/mL, and of 0.001 to 0.1 mg/mL for the peaks of
240, 270, and 370 nm, respectively.

All the release profiles were analysed in triplicate for all the
microparticles obtained from spray dryer by UV-Vis
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spectrometry and, in the end, the final results were expressed
as an average of the three measured absorbances.

The microparticles (4 mg of microparticles) were placed in
a cuvette (CV10Q3500F, Thorlabs), on top of 3 mL of
deionised water, with stirring at room temperature. The release
profiles were evaluated in a continuous mode (intervals of 30
s) and at 370 ± 10 nm. The release profiles were evaluated for
particles immediately after spray dryer production and after 8
months of storage.

For the release profiles, different mathematical models
were adjusted, which allows the evaluation of the mass trans-
port mechanisms that are involved in the release, which, in
turn, helps to design a system with specific characteristics and
to simulate the effect of the design parameters (geometry and
composition) on the resulting release kinetics.

Results and Discussion

The main goal of the current work was the production of
elderberry microparticles that could be used, in the future, in
the food, pharmaceutical, and cosmetic industry, being incor-
porated into products like yogurts, cereals, milk, and pastas.
To accomplish this objective, using three different encapsulat-
ing agents (modified chitosan, gum arabic, and sodium algi-
nate), nine different types of particles by spray drying were
produced: three with the elderberry extract, three with the rutin
(main polyphenol of elderberry), and three with only the en-
capsulating agents, which allowed to evaluate the effect of the
active agent on the microparticles properties.

The microparticles prepared during this experimental work
presented a product yield (quantity of powder recovered, con-
sidering the quantity of raw materials—encapsulating and ac-
tive agent—used) that ranged from 25 to 41%, corresponding
the lower values to the particles with elderberry extract. This
suggests that some compounds of the extract increased the
adhesion of the particles to the walls of spray dryer. Similar
results were obtained by Gonçalves and co-authors when en-
capsulating vitamin A, dissolved in coconut oil, with gum
arabic: the microparticles with the active agent showed a
low product yield, while the particles with only gum arabic
presented values around 70% (Gonçalves et al. 2017a). The
product yield obtained for all the spray drying particles do not
exceed the value of 41% which is, for the technique applied
and the scale used, a common and satisfactory result. In the
present study, due to the small quantities of raw materials that
are employed when compared to the scale of the spray dryer,
several losses will occur throughout the equipment.Moreover,
being the particles produced by spray drying very small (be-
tween 5 and 19 μm), the aspiration of some of them by the
vacuum system can occur, once the cyclone has a low effi-
ciency to separate small particles (Casanova et al. 2016).
Another factor that increases the probability of obtaining

low product yields in this type of procedure is the inlet tem-
perature. In this case, being this parameter of 115 °C, the
deposition of particles in the cylinder and in the cyclone wall
of spray dryer was observed, which leads to large losses
(Estevinho et al. 2016).

After the preparation of the microparticles, they were
characterised in terms of size, morphology, release profile,
and total phenolic content, presented in the next sections.

Determination of Total Phenolic Content

The Folin-Ciocalteu method was applied to all the micropar-
ticles recovered from the spray dryer and to the elderberry
extract, before being submitted to the encapsulation procedure
(Table 1).

It is possible to verify that the rutin microparticles are the
samples with the highest phenolic content, with values that
range from 744 to 784 mg GAE/L. The extract particles pres-
ent lower values of this parameter because, unlike rutin, elder-
berry extract is a mixture of several compounds, having only
some of them a phenolic character. The particles without an
active agent are, as it was expected, the samples with the lower
TPC,with values around 212–273mgGAE/L. However, once
the aim of this characterisation procedure is the determination
of the total phenolic content of the active agent loaded inside
the particles, to the results described before, which include the
phenolic content of all the capsule compounds (active agent
and encapsulating agent), the phenolic content of the empty
particles was subtracted, to obtain the phenolic content of the
elderberry extract and rutin, individually. So, the total pheno-
lic content of the rutin microparticles continues to be the
highest one, with values between 527 and 538 mg/L.

For the extract in its natural form, the value of this param-
eter is, approximately, 490 mg GAE/L, which is similar to the
phenolic content of the encapsulated extract (465–498 mg
GAE/L). However, subtracting to these last values, the phe-
nolic content of the respective empty particles obtained a
range from 225 to 254 mg GAE/L that is lower than the total
phenolic content of the elderberry extract not encapsulated.
This allows to conclude that the encapsulation procedure leads
to a decrease of the phenolic content of the elderberry extract.
On the other hand, it is possible to verify that the encapsulat-
ing agents increase the amount of phenolic compounds pres-
ent on the microparticles. The pure extract contains 12 mg of
phenolic compounds from each gram of elderberry plant,
which allows concluding that only around 1.2% of the elder-
berry extract is composed by polyphenols.

The elderberry particles obtained by spray drying were
stored for 8 months and, after this period, the total phenolic
content was revaluated (Table 1). Analysing the results, it was
possible to verify the existence of an increase of this parame-
ter, being the values obtained for the particles with 8 months
of storage higher than those obtained for the fresh particles
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(Table 1 – TPC*). This increase can be a result of some oxi-
dation and degradation phenomena that happened to the en-
capsulating agents or to the extract during the storage, which
may have led to the formation of sub-products. Although these
compounds are degraded and, for that reason, may have lost
their beneficial properties, they are also quantified as polyphe-
nols in the FC method, which leads to false-positive values in
the absorbance results, conducing to wrong total phenolic
contents.

Particle Size Distribution Analysis

In food and pharmaceutical applications, there are many ad-
ditional factors that need to be considered, namely the final
particle shape and size of the system. The size and the surface
of the microparticles depend on the encapsulating agent and
the microencapsulation process used. The size and also the
regular or irregular nature of the surface give a first idea about
the stability of the microparticles formed. In the encapsulation
by spray drying, the size is controlled by the experimental
conditions used in the procedure. So, it is important to evalu-
ate the particle size of the powders in order to adjust the con-
ditions used during the spray drying that, in turn, influence the
final purpose of the microparticles. All the microparticles pre-
pared were analysed considering a differential volume distri-
bution and a differential number distribution (Table 2).
Analysing the particles by laser granulometry, it was possible
to verify that, in the case of the differential volume distribu-
tion, the particles with the biggest mean diameter are the par-
ticles with the elderberry extract, with values of 19.3, 7.3, and
9.1 μm for the particles with modified chitosan, gum arabic,
and sodium alginate, respectively. For the differential number
distribution, the particles with higher dimensions vary de-
pending on the encapsulating agent used: for the modified
chitosan, the biggest particles are the ones with the extract

(0.74 μm); for the gum arabic, the empty particles present
the higher diameter (0.52 μm); and in the case of the sodium
alginate, the particles with the biggest dimension are the rutin
microparticles (1.13 μm).

Considering the differential volume distribution, the mod-
ified chitosan produced the particles with the biggest dimen-
sion, in a range from 6.1 to 19.3 μm, followed by the sodium
alginate, with values around 4.7–9.1 μm, and, finally, by the
gum arabic, with diameters between 4.1 and 7.3 μm. For the
empty particles, the particles with the biggest diameter are the
particles with gum arabic, followed by the particles with so-
dium alginate.

Estevinho et al. when encapsulating β-galactosidase with
different biopolymers, such as modified chitosan, gum arabic,
and sodium alginate, obtained very different results, once all
the particles, i.e. the particles loaded with the enzyme and the
particles with only the encapsulating agents, presented a con-
stant average size, around 3 μm (Estevinho et al. 2014a).

Table 2 Mean size and standard deviation of the microparticle diameter
(in volume and number)

Mean size (μm)

Differential volume Differential number

Modified chitosan Extract 19.3 ± 19.3 0.74 ± 0.64

Rutin 7.7 ± 7.8 0.12 ± 0.19

Empty 6.1 ± 6.0 0.30 ± 0.36

Gum arabic Extract 7.3 ± 7.0 0.16 ± 0.24

Rutin 4.1 ± 3.1 0.11 ± 0.16

Empty 5.4 ± 3.2 0.52 ± 0.54

Sodium alginate Extract 9.1 ± 9.5 0.76 ± 0.65

Rutin 5.2 ± 6.1 1.13 ± 0.77

Empty 4.7 ± 4.5 0.45 ± 0.45

Table 1 Total phenolic content of the elderberry extract and of the microparticles obtained by spray drying (* considering the total phenolic content
with only the contribution of the active agent (TPC* = TPCACTIVE AGENT − TPCEMPTY))

TPC (mgGAE/L) TPC* (mgGAE/L) TPC (mgGAE/g)

0 month 8 months 0 month 8 months

Extract 490.0 ± 7.5 – – – 12.3 ± 0.2

Microparticles Modified chitosan Extract 465.7 ± 5.4 333.5 ± 23.2 253.8 ± 6.2 271.1 ± 24.6 –

Rutin 743.7 ± 11.5 733.1 ± 45.4 537.5 ± 11.2 670.7 ± 46.2 –

Empty 211.9 ± 3.0 62.4 ± 8.25 – – –

Sodium alginate Extract 476.0 ± 3.9 464.0 ± 29.4 244.5 ± 5.2 375.0 ± 46.3 –

Rutin 754.5 ± 10.4 513.3 ± 40.0 529.2 ± 11.0 424.2 ± 53.7 –

Empty 231.6 ± 3.5 89.1 ± 35.8 – – –

Gum arabic Extract 498.1 ± 4.9 659.6 ± 35.9 224.8 ± 5.4 487.0 ± 40.9 –

Rutin 783.8 ± 15.0 488.5 ± 39.8 526.5 ± 15.2 315.9 ± 44.4 –

Empty 273.2 ± 2.2 172.6 ± 19.7 – – –

1386 Food Bioprocess Technol (2019) 12:1381–1394



In the differential number distribution, the particles with
modified chitosan, gum arabic, and sodium alginate have an
average size around 0.12–0.74, 0.11–0.52, and 0.45–1.13 μm,
respectively.

The size distributions, by volume and number, of the sodi-
um alginate microparticles, loaded with the elderberry extract,
are represented in Fig. 1, as an example. For the case of the
distribution by volume, the graph presents two peaks for the
diameters of, approximately, 3.1 and 15.7 μm, which suggests
the existence of some agglomeration effects. This aggregation
phenomenon was also registered by other authors, when stud-
ied the encapsulation of different core compounds (Casanova
et al. 2016; Gonçalves et al. 2017a, b).

From the analysis of the results of the particles size distri-
bution, it was possible to verify that the particles with diame-
ters smaller than 22.8 μm are responsible for 90% of the total
volume of the sodium alginate microparticles, loaded with the
elderberry extract. On the other hand, 90% of the total number
of the sodium alginate microparticles, loaded with elderberry,
is represented by the particles with diameters smaller than 1.4
μm.

Scanning Electron Microscopy Evaluation

For all the experiments with different encapsulating agents,
spherical microparticles with a regular shape were produced
(Fig. 2). In terms of size, it is possible to verify that all the
samples have a heterogeneous size distribution, existing some
small particles located on the middle of the particles with big
dimensions.

In terms of the surface structure, the textural characteristics
of the particles depend on the encapsulating agent used, being
specific for each one of them. The particles formed with mod-
ified chitosan presented a very smooth surface and a regular
shape, whatever the core compound encapsulated. The sodi-
um alginate particles, although with also a smooth surface,
have a characteristic structure with a concavity on their sur-
face. In the case of the particles with gum arabic, they present
a very rough surface, having some wrinkles and indentations

in their structure. Similar results were obtained by Estevinho
and co-authors, when encapsulated β-Galactosidase by spray
drying, with the same biopolymers (Estevinho et al. 2014a),
and vitamins B12 and C (Estevinho et al. 2016).

From the SEM images, it is possible to verify that the
microparticles loaded with the elderberry extract are slightly
larger than the remaining particles. On the other hand, the
rutin and the empty microparticles appear to have, approxi-
mately, the same size. These results confirm the values obtain-
ed by laser granulometry.

Encapsulation Efficiency and Controlled Release
Studies

The release profiles obtained for all the microparticles pro-
duced during this experimental work present two distinct
zones (Fig. 3): the first one is the release zone, where a con-
stant sustained release of the active agent occurs, which is
translated by an increase of the absorbance values; the final
zone corresponds to the stabilisation level, where almost all
the active agent is already released. The associated deviations
between the three measurements performed for each sample,
represented on each release profile, are more visible in the
release zone, being practically non-existent in the stabilisation
level. Thus, in general, these deviations can be undervalued
due to its low dimension, which proves the consistency of the
measurements made during the experimental work. For all
active agents, the release was total, varying the release times
with the encapsulating agent used: in the case of the elderberry
microparticles, the faster release occurs in the particles with
modified chitosan (600 s), followed by the particles with gum
arabic (1000 s); for the particles encapsulated with sodium
alginate, the release time is of 1140 s.

Estevinho and co-authors, when encapsulating vitamin B12

and vitamin C with modified chitosan and sodium alginate,
found similar results, concluding that modified chitosan pro-
motes the faster release (around 10 min for the two vitamins)
(Estevinho et al. 2016). So, depending on the final purpose of
the microparticles, it must be chosen the most adequate

a b

Fig. 1 Particle size distribution of the sodium alginate microparticles, loaded with the elderberry extract, by volume (a) and number (b)
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encapsulating agent: if a slower release is necessary, sodium
alginate should be selected as encapsulating agent; on the
other hand, for a more immediate release, particles with mod-
ified chitosan should be produced.

For the release profiles represented in Fig. 3, different
mathematical models were adjusted (Table 3).

The kinetic models that present a better adjustment to the
practical results were the zero order, the Korsmeyer-Peppas,
and the Weibull, with correlation coefficients that range from
0.900 to 0.998, from 0.987 to 0.998, and from 0.994 to 0.999,
respectively (Table 4). However, from these three equations,
the one that adjusts to a greater number of points (release zone
and final stabilisation zone), and at the same time had the
bigger correlation coefficients, is the Weibull model. This
model is the most adequate to evaluate the release profiles of
matrix-type microparticles, which is the case of this experi-
mental work: the microparticles produced by spray drying are
normally matrix type (the encapsulated substance distributed
in the encapsulating agent) and the mechanisms involved on
the release are controlled by solvent action and by diffusion
(Estevinho and Rocha 2017; Gonçalves et al. 2017a). The first
order and the Higuchi equations do not adjust to the experi-
mental results. These conclusions are the same for all the
analysed samples, with an exception for the gum arabic parti-
cles loaded with rutin: in this case, the Korsmeyer-Peppas and
the Weibull continue being the models that adjust better to the
results, presenting the last one the better fitting; however, the
zero order equation was replaced by the Higuchi model that,

in these samples, presents a better correlation coefficient be-
tween the adjusted equation and the experimental results.

Estevinho and Rocha, when studying the release of vitamin
B12 and vitamin C from microparticles produced by spray
drying, found similar results, which are related with the meth-
od used to obtain the microparticles: once the particles were of
matrix type, the model that best adjusted to the experimental
results was the Weibull model.

When the Korsmeyer-Peppas model is adjusted to the
experimental results, the major mechanism responsible for
the controlled release can be identify, based on the “n”
parameter of the equation: if n < 0.43, occurs a Fickian
Diffusion; if 0.43 < n < 0.85, the anomalous transport is
the main transport mechanism, and results from the com-
bination of diffusion mechanisms and swelling releases; if
n ≥ 0.85, the transport is a consequence of the matrix
swelling (n = 0.85 – Case II Transport; n > 0.85 – Super
Case II Transport).

Analysing the values obtained for the current work
(Table 4), it is possible to verify a swelling behaviour for
the particles with modified chitosan and sodium alginate,
and a Fickian diffusion or an anomalous transport for the
gum arabic microparticles, depending on the active ingre-
dient used.

The encapsulation efficiency (difference between the total
released in the end of the release experiment and the percent-
age of compound released in the time zero) was similar for all
the analysed microparticles, being the results located in a

a1 a2 a3

b1 b2 b3

c1 c2 c3

Fig. 2 SEM images of the
microparticles with elderberry
extract (1), rutin (2), and without
the active agent (3), with different
biopolymers: sodium alginate
(A), modified chitosan (B), and
gum arabic (C). Amplified 50,000
times, beam intensity (HV) 15.00
kV, distance between the sample
and the lens (WD) less than 11
mm, size bars of 2 μm
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range from 92.3 to 99.8%. These high values are justified by
the small amount of extract used during the encapsulation
procedure, comparing to the amount of encapsulating agent.
This leads to an almost complete encapsulation of the active
agent.

Stability and Controlled Release Studies After
8-Month Storage

The microparticles stability is intimately related with the
choice of the encapsulating agent and the encapsulation

a

b

Fig. 3 Release profiles, in percentage, for the microparticles with modified chitosan, sodium alginate, and gum arabic, loaded with a elderberry extract
and b rutin (the results are presented as the average and standard deviation of three independent assays)

Table 3 Mathematical models for controlled release of substances (adapted from (Estevinho et al. 2013a, b))

Equation Equation

Zero order
Qt =Q0 +K0t
First order
Qt ¼ Q0e−Kt t

Higuchi
Qt ¼ KH

ffiffi

t
p

Korsmeyer-Peppas
Qt
Q∞ ¼ KKtn

Weibull
Qt
Q∞ ¼ 1−e t−t0

τD

� �β

K0 - zero order constant release
Kt - first order constant release
KH - Higuchi constant of dissolution

KK - Korsmeyer constant
n – release exponent (diffusional), a parameter that defines the release mechanism
Q0 = initial amount in solution (normally Q0 = 0)
Qt - amount of the active compound released at time t
Qt/Q∞ - fraction of active compound released at time t
t - time
t0 - initial time
τD - mean dissolution time (time at which 63.2% of material has been released)
β - shape factor
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technique (Estevinho et al. 2015). In the spray dryer, the dry-
ing process of dispersed liquid drops is performed using hot
air. This process step lasts only a few milliseconds to a few
seconds; therefore, even heat-sensitive compounds can be
spray dried without a significant loss (Đorđević et al. 2014).
This information was confirmed by mass balance comparing
the amount of active compound in the beginning of the pro-
cess and obtained after spray drying and evaluated in the re-
lease studies of the fresh samples. No significant losses were
obtained.

The authors used the same encapsulating agents and the
same microencapsulation method to microencapsulate dif-
ferent compounds (vitamins and enzymes) also without
significant losses. In these previous works, the stability
was evaluated after 3 and 6 months and good results were
obtained with core compounds losses less than 15%
(Carlan et al. 2017, 2018; Estevinho et al. 2014a;
Gonçalves et al. 2017a).

So, once the encapsulating agent and encapsulating
technique used in this experimental work are the same of
the previous works, the authors believe that a good stabil-
ity of the elderberry microparticles, produced during this
experimental work, can be expected. After eight months,
the elderberry microparticles were revaluated and subject-
ed to new controlled release tests. In Fig. 4, the release
profiles of the initial microparticles and of the particles
after 8 months of storage are represented, for the compar-
ison of the release mechanism between the two sample
types to be possible.

Analysing Fig. 4, it is possible to verify that the release
profiles of the fresh microparticles and the particles with 8
months of storage, for each encapsulating and active agent,

are very similar, existing only some little deviations in the
release zone. The different kinetic models were adjusted to
the new release profiles, and the kinetic parameters obtain-
ed are very similar to the ones obtained for the initial el-
derberry microparticles. The models that present a better
adjustment to the experimental results are, again, the zero
order, the Korsmeyer-Peppas, and the Weibull equations,
with correlation coefficients that range from 0.939 to
0.994, from 0.945 to 0.997, and from 0.991 to 0.999, re-
spectively, being the Weibull model the one that adjusted
to a greater number of points. The similarity between the
release profiles obtained for the elderberry microparticles
with two different times of storage allowed to conclude
that the release times of the different samples are practical-
ly the same in terms of percentage of release. However, the
concentration of total phenolic compounds increased with
the time, as already was analysed. The released values ob-
tained for the particles with 8 months of storage were
higher than those obtained for the fresh particles. This fact
can be a consequence of some oxidation and degradation
phenomena that happened during the storage, which lead
to the formation of false-positive values in the release pro-
files. This phenomenon was already observed during the
evaluation of the total phenolic content, whose results were
also higher for the samples with 8 months of storage, rel-
atively to the initial microparticles. In both procedures, the
degradation reactions led to the formation of sub-products
that were also quantified during the analyses. This happens
because the evaluation of the total phenolic content by the
FC method and the analysis of the release profiles by the
UV/Vis kinetic tests are quantitative but not specific,
counting the polyphenols and other compounds that

Table 4 Parameters of the kinetic equations and respective correlation coefficients

Modified chitosan Sodium alginate Gum arabic

Extract Rutin Extract Rutin Extract Rutin

Zero order Q0 (mg) 6.50 × 10−3 4.00 × 10−4 1.20 × 10−3 − 5.80 × 10−3 3.44 × 10−2 5.37 × 10−2

K0 (mg min−1) 3.00 × 10−4 4.00 × 10−4 1.00 × 10−4 2.00 × 10−4 3.00 × 10−4 3.00 × 10−4

R2 0.982 0.989 0.998 0.996 0.995 0.900

First order Q0 (mg) 3.00 × 10−2 6.00 × 10−2 2.00 × 10−2 2.00 × 10−2 5.00 × 10−2 5.00 × 10−2

Kt (min
−1) − 2.70 × 10−3 − 1.60 × 10−3 − 1.80 × 10−3 − 2.9 × 10−3 − 2.9 × 10−3 − 4.70 × 10−3

R2 0.851 0.847 0.938 0.894 0.932 0.872

Higuchi KH (mg min−0.5) 4.20 × 10−3 5.80 × 10−3 2.70 × 10−3 4.40 × 10−3 7.30 × 10−3 7.90 × 10−3

R2 0.955 0.935 0.901 0.924 0.991 0.949

Korsmeyer-Peppas KK (min−n) 6.60 × 10−3 1.50 × 10−3 1.30 × 10−3 4.00 × 10−4 2.41 × 10−2 0.149

n 0.861 1.105 0.988 1.223 0.583 0.335

R2 0.991 0.989 0.998 0.997 0.998 0.987

Weibull β 1.26 1.43 1.79 1.47 0.920 0.842

τD (min) 188 223 497 398 246 80.9

R2 0.998 0.999 0.994 0.998 0.996 0.996
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remain in the sample, and not taking into consideration the
type of polyphenol or if the antioxidant compounds con-
tinues on the sample composition or if, on the other hand,
they were degraded. However, analysing the results of the
TPC, it was possible to observe that these oxidation and
degradation phenomena were more significant for the en-
capsulating agents than for the elderberry extract and rutin,
allowing to suggest that these encapsulating agents lead to
the increase of the “phenolic content”, as a false positive of
the microparticles.

Conclusion

The main objective of the current work was to produce elder-
berry microparticles to be, in the future, incorporated into
food, pharmaceutical, and cosmetic products. Spray drying
was selected as the encapsulation technique and was per-
formed with three different wall materials (modified chitosan,
sodium alginate, and gum arabic).

The product yield values obtained after the encapsulation
procedure ranged, approximately, from 25 to 41%, which is,

a1

a2

a3

b1

b2

b3

Fig. 4 Release profiles, in percentage, for elderberry extract (A) and rutin (B) microparticles, with sodium alginate (1), arabic gum (2), and modified
chitosan (3), for 0 and 8 months of storage (the results are presented as the average and standard deviation of three independent assays)
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for the technique applied and the scale that are used, a com-
mon and satisfactory result.

For the extract in its natural form, the value of the phenolic
content is very higher than the results obtained for the elder-
berry microparticles prepared with the extract, which allows
concluding that the encapsulation procedure leads to a de-
crease of the phenolic content of the elderberry extract.

In the case of the differential volume distribution, the par-
ticles with the biggest mean diameter are the microparticles
with the elderberry extract and, for the differential number
distribution, the particles of higher dimensions vary depend-
ing on the encapsulating agent used.

Spherical microparticles with a regular shape were pro-
duced, for all the analysed samples. In terms of the surface
structure, the textural characteristics of the particles depends
on the encapsulating agent used, being specific for each one of
them.

The release studies reveal that the release was total, varying
the release times with the encapsulating agent used: in the case
of the elderberry particles, the faster release occurs in the
particles with modified chitosan, followed by the particles
with gum arabic. So, depending on the final purpose of the
microparticles, it must be chosen the most adequate encapsu-
lating agent: if a slower release is necessary, sodium alginate
should be selected as encapsulating agent; on the other hand,
for a more immediate release, particles with modified chitosan
should be produced.

It can be concluded that the kinetic models that present a
better fitting to the experimental results are the zero order, the
Korsmeyer-Peppas, and the Weibull equations. However,
from these three equations, the one that adjusts all the release
profile (release and stabilisation zone) and, at the same time,
has the bigger correlation coefficients, is the Weibull model.

The encapsulation efficiency is similar for all the analysed
microparticles, the results being located in the range from 92.3
to 99.8%.

After 8-month storage, the elderberry microparticles pres-
ent very similar release profiles comparing with the ones ob-
tained with fresh microparticles. However, the total phenolic
content and concentration of active agent released increased,
probably due to the oxidation and degradation of the encap-
sulating agents during the storage.

So, to conclude, the procedure followed leads to a very
successful elderberry extract encapsulation methodology,
allowing a complete entrapment of the extract inside the mi-
croparticles of modified chitosan, sodium alginate, and gum
arabic. However, to ensure an efficient incorporation of the
microparticles into food, pharmaceutical, or cosmetic prod-
ucts, further tests can be required.
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