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The fruit of Ardisia compresssa K. is called chagalapoli and has a high anthocyanin content, with a profile dominated by malvidin derivatives.
The aims of this study were: a) to determine optimal conditions (ethanol concentration, pH, and sonication time) for anthocyanin extraction from
chagalapoli fruit (CF) using response surface methodology, b) to perform spray-drying microencapsulation of the anthocyanins using mixtures of polysaccharides (maltodextrin – M and Capsul® – C) as wall materials, and c) to evaluate the stability of microcapsules during storage. Of the variables
examined to optimize anthocyanin extraction from CF, only ethanol concentration and pH were significant in the model. The optimal extraction conditions were: 63.5% (v/v) ethanol, pH of 2.0, and sonication time of 30 min, which led to an anthocyanin content of 1545 mg malvidin 3-O-galactoside
equivalents/100 g of fresh fruit. The proportion of M/C as the wall materials for microcapsule (MC) preparation did not affect the encapsulation efficiency and anthocyanin retention, but high hygroscopicity was observed in the MC with a high proportion of M. The half-life of the MC ranged from
423 to 519 days, and no effect of wall materials was observed. The color stability of the MC was enhanced by increasing C proportion in wall materials.
The high stability of microencapsulated anthocyanins of chagalapoli fruit makes it a suitable option as a food colorant.

INTRODUCTION
Nowadays, the food industry has an increasing demand
for natural pigments prompted by the banning of most synthetic colorants commonly used in food products [Luzardo-Ocampo et al., 2021], and by consumer preferences for products without artificial colorants. Anthocyanins are vegetal
pigments related with shades of pink, red, blue, and purple
colors, that are easily incorporated in food matrices due to
their water solubility [Giusti & Wrolstad, 2003]. They also
represent an alternative to synthetic dyes. Besides being pigments, anthocyanins possess several biological activities such
as antioxidative, antimutagenic, and anti-inflammatory ones
[Bendokas et al., 2020].
In the process of incorporating a new vegetal source of pigments, it is necessary to determine the most suitable combinations of factors relating to anthocyanin recovery, as these
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factors affect the performance and profitability of the extraction, and also the type of phenolics extracted [Najafabadi
et al., 2020] and their stability [Pedro et al., 2016]. Among
the factors most studied in anthocyanin extraction are: solid
to solvent ratio [Pedro et al., 2016], solvent type, and temperature [Ghafoor et al., 2011], extraction time [Najafabadi et al.,
2020], and pH [Rodrigues et al., 2015]. The effect of the extraction conditions on the anthocyanin yield and composition
of the extract depends on the matrix [Najafabadi et al., 2020];
therefore, it is recommended to adjust the conditions for each
particular material.
The instability of anthocyanins to several factors commonly present during food processing, such as changes in pH,
heating, exposure to light and oxygen, presence of metal ions,
and enzymes [Tarone et al., 2020], has limited their use as
food colorants. The instability has been overcome with encapsulation technology, which permits to obtain microspheres.
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The microspheres or microcapsules have a wall that protects
the active compound from external factors. In the case of anthocyanins, different encapsulation wall materials, i.e. gums,
polysaccharides, and lipids or proteins, have been tested
[Tarone et al., 2020], on their own or in combination of two
or more wall materials, to achieve the required properties
that ensure satisfactory microencapsulation [Turchiuli et al.,
2005]. The selection of suitable wall materials is an important
step in the microencapsulation process because of its effect
on the microcapsule surface and stability.
Spray-drying is one of the most popular and economical
techniques used in the industry to microencapsulate food ingredients [Tarone et al., 2020]. For its application, it is necessary that the wall materials have emulsifying properties, with
high solubility and low hygroscopicity [Loksuwan, 2007].
Carbohydrates of low molecular weight compounds have
these properties. Maltodextrin is one of the most commonly
used materials due to its high solubility and low viscosity
[Tonon et al., 2010]. Furthermore, Capsul®, a starch that has
been chemically modified through the incorporation of a lipophilic component (octenylsuccinate), has excellent stability
and emulsifying properties [Rocha et al., 2012].
The stability of microcapsules is determined by such
features as shape, integrity, porosity, and moisture sorption
characteristics. The right combinations of these features make
it possible that microcapsules retain the compounds they protect for a reasonable time, when they are stored under room
conditions.
Several tropical fruits have been identified as potential
sources of anthocyanins [de Brito et al., 2007]. One of these
is the fruit of Ardisia compressa K. (ACK), known as chagalapoli, which has a high anthocyanin content (natural pigment)
[Joaquín-Cruz et al., 2015]. Recently, anthocyanins from chagalapoli fruit (CF) were used to prepare nanoparticles with
succinated starch as a wall material [Escobar-Puentes et al.,
2020]. However, limited information is available about the optimal conditions for extracting the anthocyanins from CF, nor
on the most suitable combination of wall materials for microencapsulating the anthocyanins from this fruit. In this context, the aims of this study were: a) to optimize the extraction
of anthocyanins from CF, b) to microencapsulate the anthocyanins using maltodextrin and Capsul® mixtures as wall materials, and c) to evaluate the stability of the microcapsules.
MATERIALS AND METHODS
Reagents and plant material
The chemicals included analytical grade ethanol, hydrochloric acid, formic acid, and methanol (J.T. Baker, Phillipsburg, NJ, USA). HPLC-grade water and methanol (J.T. Baker,
Phillipsburg, NJ, USA) were used for the analysis of anthocyanins as part of the mobile phases used. Commercial standards of delphinidin 3-O-galactoside (Dp 3-Gal) and malvidin 3-O-galactoside (Mv 3-Gal) were used (Extrasynthese,
Genay, France) for running standard curves. The wall materials were 10 DE maltodextrin (IMSA, SA de CV, Guadalajara,
Mexico), and Capsul® (Ingredion, Guadalajara, Mexico).
The plant material consisted of 3 kg of ripe fruits of chagalapoli (A. compressa) obtained from the regional market
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TABLE 1. Ranges and levels of independent process variables considered
in the Box-Behnken design.

Independent variable

Coded levels

Factors

-1

0

1

Solvent pH

A

2

2.5

3

Ethanol concentration (%)

B

50

75

100

Sonication time (min)

C

10

20

30

of San Andres Tuxtla, Veracruz, Mexico. The seed was removed, and the fruit pulp was homogenized using an Ultra
Turrax homogenizer (T-10 Basic, IKA, Wilmington, NC,
USA) for one min at a speed of 20,450 rpm.
Optimization of anthocyanin extraction
Response surface methodology (RSM) was used to optimize the extraction conditions of anthocyanins from CF. According to the preliminary tests, the optimal proportion
of fruit pulp/solvent was established as 1:5 (w/v). The experimental design was based on a Box-Behnken design with three
factors – pH (A), ethanol concentration (B), and sonication
time (C) – with three replicates each. The response variable
was the total anthocyanin content (TAC). The experimental
design resulted in 15 treatments (T1 to T15) with the details
of the factors and levels provided in Table 1.
Two grams of the homogenized fruit pulp and 10 mL
of a solvent (aqueous ethanol) were used for each treatment.
After sonication, the sample of each treatment was stirred for
30 min in a horizontal shaker at room temperature under dark
conditions. Extracts were recovered by centrifugation (Centrifuge Universal Model 32. Hettich®, Tuttlingen, Germany)
of the sample at 2558×g for 10 min, and the total anthocyanin
content (TAC) was determined with the methodology described
by Moreno et al. [2005]. Briefly, the absorbance of the extract
was measured at 530 nm using a spectrophotometer (Lambda
25 UV/Vis, Perkin Elmer. Waltham, MA, USA). A standard curve
of malvidin 3-O-galactoside was obtained to express the results
as mg Mv 3-Gal equivalents/100 g fresh weight (FW).
A second-order polynomial model was constructed to estimate the response of TAC to the different extraction treatments (Equation 1). In the equation, “y” is the estimated
response (dependent variable); β0 is a constant in the model;
βi is the linear effect coefficient; βii is the quadratic effect coefficient; βij is the coefficient of the interaction between two factors; xi and xj are the independent variables; k is the number
of variables considered, and i and j are the factors coded into
the system [Swamy et al., 2014].
=

0

+ ∑ =1
×

2

×

+ ∑ =1

−1
∑
+ ∑ =1

>1

×
×

×



(1)

HPLC analysis of the anthocyanin extract
A Perkin-Elmer® Series 200 instrument, operated with TotalChrome software and consisting of a photodiode array detector,
a quaternary pump, and an autosampler with one thermostatted

301

M.V. Antonio-Gómez et al.

column compartment was used (PerkinElmer® Instruments
LLC, Shelton, CT, USA). A C18 ODS Hypersil (200 × 4.6 mm)
column with a particle size of 5 μm (Thermo Fisher Scientific®,
Carlsbad, CA, USA) was employed for the separation of chagalapoli anthocyanins obtained under the optimized extraction conditions. The extract was filtered through a 0.20 μm Millex-LG®
membrane filter (Millex PTFE, 4 mm, Sigma-Aldrich, Toluca,
Mexico) prior to injection. The analysis was performed according to the method of Fossen et al. [2001], with the adjustments
described by Moreno et al. [2005] in a system of gradients. Two
solvents were used: A (1:9, v/v) (formic acid/water) and B (1:4:5,
v/v/v) (formic acid/water/methanol). The gradient was linear from
10% B to 100% B for 17 min, isocratic elution for the next 4 min
(100% B), followed by a linear gradient from 100% B to 10% B
for 1 min, with an equilibrium time of 4 min, before the next injection. The flow rate was 1.2 mL/min with an injection volume
of 10 μL and a column temperature of 30°C. Anthocyanins were
identified by the use of commercial standards, and by comparison with the information reported by Joaquín--Cruz et al. [2015].

of isopropanol and dispersed by vortexing at room temperature for one min and then filtered (Millipore 0.45 μ filter).
The EE was calculated using Equation (2):
=1−

× 100 (2)

where: TACe is the experimental content of total anthocyanins
and SAC is the content of superficial anthocyanins; all values
are expressed as mg/g of MC.
Moisture content and water activity
The moisture content (MT) of the MC was determined
according to AACC Method 44–19 [AACC, 1995]. The water
activity (aw) was measured with an Aqualab® device (Model
Series 3TE, Decagon Devices, Pullman, WA, USA).
Hygroscopicity and solubility
The hygroscopicity (H) of the MC was determined according to Tonnon et al. [2009]. Briefly, 1 g of MC was placed
in a jar with an NaCl saturated solution (76% relative humidity) at 25°C. After one week, the samples were weighed,
and the hygroscopicity was expressed as g of absorbed moisture per 100 g of dry solids. The solubility of MC was evaluated with the method described by Arrazola et al. [2014],
in which 1 g of MC was poured in 100 mL of distilled water and stirred to dissolve. The sample was centrifuged for
10 min at 1409×g, and 25 mL of the supernatant was placed
in a glass capsule to evaporate the liquid in an oven at 105ºC
for 5 h. Solubility (%) was calculated by weight difference.

Spray-drying microencapsulation of anthocyanins
The anthocyanin extract obtained under the optimized extraction conditions was used for analyses. It was concentrated
in a rotary evaporator system to remove ethanol. The carbohydrates used as wall materials were maltodextrin 10 DE (M)
and Capsul® (C). Five treatments of different proportions
of each carbohydrate in a weight ratio were prepared including 100% M (100M) and 100% C (100C) and combinations of
M and C: 75% M and 25% C (75M25C), 50% M and 50% C
(50M50C), and 25% M and 75% C (25M75C).
A suspension of extract and wall materials was prepared
at a final concentration of 20% (w/v). Fifty grams of wall material were dissolved in 200 mL of distilled water and homogenized in a blender (Waring® brand) for 1 min at a low speed.
Thereafter, 50 mL of concentrated extract was added and homogenized with an Ultra Turrax homogenizer (Wilmington,
NC. USA) at 18,000 rpm for 5 min. Encapsulation was performed in a spray dryer (SD-Basic Lab-Plant, Huddersfield,
UK) under the following conditions: inlet air temperature
of 160±1°C, outlet air temperature of 95±5°C, pressure
of 241.3 KPa, nozzle diameter of 0.5 mm, and a feed stream
of 10 mL/min. These conditions were selected based on
preliminary experiments by the authors. The microcapsules
(MC) were collected in plastic bags, weighed, and stored
in a desiccator, under darkness, at room temperature.

Scanning electron microscopy and particle size
determination
The external morphology of MC was evaluated by laser
microscopy (OLS4000 LEXT® 3D, Olympus, Tokyo, Japan)
and scanning electron microscopy (ESEM EDAX®, GSE detector, Philips, Netherlands) coupled with energy dispersive
spectrometry (spectrometer model 6110 XFlash®, Bruker
corporation, Billerica, MA, USA) using an acceleration voltage of 15 kV. The samples were fixed to double-sided metal
adhesive tape, and coated with a 10 to 15 nm graphite film
via evaporation for one min. The Image Pro PLUS® version
7.0 (Media Cybernetics, Inc., Rockville, MD, USA) software
was used to determine the diameter of the microcapsules via
image processing.

Efficiency of microencapsulation process and
characterization of the microcapsules
The encapsulation efficiency (EE) was determined according to the methodology used by García-Tejeda et al.
[2015]. The experimental content of total anthocyanins
(TACe) was determined with the method of differential pH
[Giusti & Wrolstad, 2001], and the results were expressed as
mg Mv 3-Gal equivalents/g of microcapsules using a molar
extinction coefficient of 28,000 L/(mol · cm) and a molecular
weight of 463.3 g/mol.
Extraction of superficial anthocyanins was determined
according to the modified method of Robert et al. [2010],
in which 500 mg of microcapsules were treated with 10 mL

Anthocyanin stability during storage
The stability of the anthocyanins in the MC was evaluated
using the accelerated shelf life method proposed by Labuza &
Schmidl [1985]. In brief, approximately 500 mg of MC of each
treatment were put in Eppendorf tubes which were sealed with
aluminum foil to protect them from light, and placed in a rack.
The rack with the tubes was placed in an oven at 35ºC. The TAC
of the MC was monitored every seven days during a 70-day
period, using the differential pH method [Giusti & Wrolstad,
2001]. The analysis was done in triplicate. The color of the MC
was determined with a HunterLab MiniScan EZ 4500L spectrophotometer (Hunter Associates. Reston, VA, USA) in the CIE
L*a*b* scale at day 0, and after 70 days of storage. The following
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TABLE 2. Box-Behnken experimental design (different extraction conditions) and response values for the total anthocyanin content (TAC) of chagalapoli fruit.

Treatment

pH

Ethanol
concentration (%)

Sonication time
(min)

Experimental TAC
(mg Mv3-Gal/100 g FW*)

Predicted TAC
(mg Mv3Gal/100 g FW)

T1

2.0

75

30

1557±31

1466

T2

2.5

100

30

206±6

244

T3

3.0

50

20

652±25

598

T4

2.0

100

20

325±36

378

T5

3.0

75

30

822±36

887

T6

2.5

75

20

1166±43

1103

T7

2.0

75

10

1422±47

1357

T8

3.0

75

10

825±11

917

T9

3.0

100

20

190±8

89

T10

2.5

75

20

1044±43

1103

T11

2.5

100

10

218±10

228

T12

2.5

75

20

1100±21

1103

T13

2.0

50

20

1227±4

1328

T14

2.5

50

30

1008±14

998

T15

2.5

50

10

972±7

934

*FW – fresh weight.

parameters: luminosity (L*, with 0 for black and 100 for white);
a* (+a*, red color; -a*, green color); and b* (+b*, yellow color;
-b*, blue color) were obtained with the equipment. The measurements were done in triplicate.
The degradation of the anthocyanins in the MC was studied with the first-order kinetic model. The value of the degradation constant (k) was determined according to Equation (3):
( )=

0

( )

−

(3)

where: Ct is TAC of MC at time t; C0 is initial TAC of the MC;
and t is storage time. The half-life of the MC was determined
according to Equation (4), at the specific storage temperature.
1/2

=−

(0.5)/



(4)

where: t1/2 is the half-life time of anthocyanins in the MC;
k is the kinetic degradation constant; and T is storage temperature [Idham et al., 2012].
Anthocyanin retention (AR) was determined using
the equation:
(%) = 100 −

(%) 

(5)

where: AL is the loss of anthocyanins at the time t and was
calculated using the following equation:
(%) = 1 −
0

× 100

(6)

Statistical analysis
The statistical analysis of data from optimized anthocyanin extraction were performed using Statgraphics Centurion version 16.1 (Manugistics Inc., Statistical Graphics
Corporation, Rockville, MD, USA) software. Data from
efficiency of microencapsulation and MC characteristics
and color changes during storage were analyzed by one-way
analysis of variance (ANOVA) and comparison Tukey’s tests
(p<0.05) were performed using the statistical package SAS
version 9.1.
RESULTS AND DISCUSSION
Optimization of anthocyanins extraction
The TAC for all 15 treatments, and those calculated using
the response surface model are shown in Table 2. The TAC
ranged from 190 to 1557 mg Mv 3-Gal equivalents/100 g FW
for T9 and T1 treatments, respectively. The differences in TAC
between these two treatments show the importance of selecting the suitable levels of the factors involved in anthocyanin
extraction. The experiments that resulted in the highest anthocyanin recovery included T1, T7, and T13, which utilized
a pH value of 2 and ethanol percentage between 50 and 75%.
The ANOVA showed a coefficient of determination (R2)
of 0.9760, indicating that the quadratic model was consistent
with the experimental data. In addition, the adjusted value
of R2 (0.9634) showed a high correlation between the experimental values and the predicted values for the recovery of anthocyanins (Table 3).
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TABLE 3. Analysis of variance of the effect of the process variables, as linear and quadratic terms, and the interactions, on the optimization of anthocyanin extraction from chagalapoli fruit.
Source

Sum of squares

df

Mean square

F statistic

P-value

A: pH

1.04E+06

1

1.04E+06

148.58

<0.0001

B: Ethanol concentration (%)

2.13E+06

1

2.13E+06

304.41

<0.0001

C: Sonication time (min)

6184.64

1

6184.64

0.88

0.359

AB

97121.5

1

97121.5

13.88

0.0014

AC

9546.17

1

9546.17

1.36

0.2573

BC

1153.44

1

1153.44

0.16

0.6893

AA

4710.25

1

4710.25

0.67

0.4222

BB

2.07677E+06

1

2.0768E+06

296.7

<0.0001

CC

5734.1

1

5734.1

0.82

0.3767

Total error

132992

19

6999.56

5.56E+06

29

Total

R2 = 0.9760

Adjusted R2=0.9634

df – degrees of freedom.

The adjusted model that predicts the response of TAC
is shown in Equation 7, where y is TAC.
= 638.96 + 1103.44 − 254.95 +
+ 25.25
− 34.54 ×

2

(7)

This model was validated with ANOVA before building
the response surface graphs presented in Figure 1.
The ANOVA results show that the pH (A) and ethanol concentration (B) had a significant (p<0.05) effect on
the process of anthocyanin extraction (Table 3). The pH effect
was linear (p<0.05), indicating that the recovery of anthocyanins increased as the pH decreased (Figure 1A and B).
This remark is consistent with the results obtained by Rodrigues et al. [2015], who evaluated
the effects of pH in a range of 0.5 to 6.5 on the optimization of the extraction of anthocyanins from jaboticaba (Myrciaria spp.) skins, and found that anthocyanin recovery was favored at a pH below 3.5 and above 4.
A previous study [Brouillard, 1982] demonstrated that pH
affected the stability of anthocyanins, since their structure
can undergo a reversible transformation in aqueous media,
in a pH-dependent manner. The flavylium cation structure
predominated at pH of 1, while the quinoidal base predominated at pH between 2 and 4, but the most stable chemical
structure of anthocyanins was the flavylium cation.
The concentration of ethanol, both in its linear and quadratic form, had a positive effect on the extraction process
(Table 3 and Figure 1C). However, a decrease in the recovery of anthocyanins occurred at ethanol concentrations
higher than 70%. The highest recovery of anthocyanins was
achieved at ethanol concentration between 60% and 70%.
This is in agreement with previous studies [Khazaei et al.,
2016], which showed that the recovery of anthocyanins
was facilitated at ethanol levels of 60–70%. Sonication time

FIGURE 1. Response surface plots of the Box–Behnken design using polynomial equations of the effects of pH and ethanol concentration (A), pH and sonication time (B), and ethanol concentration and
sonication time (C) on total anthocyanin content of chagalapoli fruit
fresh weight (FW).
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showed no significant effect on the recovery of anthocyanins
(Figure 1B). The time (min) of sonication tested in the model may not have been sufficient to affect anthocyanin yield.
However, sonication as a tool to improve recovery of phytochemicals from vegetal tissue has been highly valued [Rosello-Soto et al., 2015]. The optimized conditions for the extraction of anthocyanins were: ethanol concentration of 63.5%
(v/v), pH of 2.0, and sonication time of 30 min.
The optimal point was verified experimentally, resulting
in an anthocyanin recovery of 1545 mg Mv 3-Gal equivalents/100 g FW. This value is higher than that reported
by Joaquín-Cruz et al. [2015] for the same fruit (796 mg
cyanidin-3-O-glucoside equivalents/100 g FW) who used
acidified methanol as a solvent and no sonication treatment.
The differences among the values reported by Joaquín-Cruz
et al. [2015] and in the present study could be due to the type
of anthocyanin used to express TAC. The protocol developed
in this work could be applied to commercial anthocyanin
extraction for food applications due to its single extraction
step performed with substances that are safe for use in foods
(GRAS classification).
HPLC analysis of chagalapoli fruit anthocyanins
The chromatogram presented in Figure 2 shows the profile of the anthocyanins extracted from CF at the optimized
extraction conditions, which ensured the highest TAC. Twelve
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anthocyanins were detected of which the most abundant was
malvidin 3-O-galactoside (Mv 3-Gal), followed by petunidin
3-O-galactoside (Pt 3-Gal) and delphinidin 3-O-galactoside
(Dp 3-Gal). These three anthocyanins accounted for approx.
78.4% of the relative percentage of peak area of the separated
anthocyanins. Other anthocyanins detected in CF were malvidin di O-hexoside (peak 2), cyanidin 3-O-galactoside (peak 3),
delphinidin 3-O-arabinoside (peak 5), cyanidin 3-O-arabinoside (peak 7), peonidin 3-O-galactoside (peak 8), petunidin
3-O-arabinoside (peak 9), and malvidin 3-O-arabinoside
(peak 12). The anthocyanin profile obtained is similar to that
reported by Joaquín-Cruz et al. [2015] for CF anthocyanins
extracted with acidified methanol and no sonication treatment, which probably means that the anthocyanin profile
of CF is not altered by the extraction conditions, and the procedure defined could be used to enhance anthocyanin recovery from CF.
Microencapsulation
process
parameters
and
microcapsule characterization
Table 4 lists the results of determinations of the variables
related to the microencapsulation process, i.e. EE and physicochemical characteristics of the MC. The EE is a variable
that relates/describes the ability of wall materials to trap or
hold the core material to be encapsulated. High values of EE
are associated with low levels of core material on the surface

FIGURE 2. RP-HPLC chromatogram of the anthocyanins from chagalapoli fruit (Ardisia compresa Kush).
Anthocyanins were obtained under the optimized extraction process. Pt 3-Gal: petunidin 3-O-galactoside, Mv 3-Gal: malvidin 3-O-galactoside,
Dp 3-Gal: delphinidin 3-O-galactoside, Gal: galactoside. Peaks 1–12 correspond to different anthocyanins present in the extract.
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TABLE 4. Encapsulation productivity and efficiency and physicochemical characteristics of chagalapoli fruit anthocyanin microcapsules obtained with
different combinations of maltodextrin (M) and Capsul® (C) as wall materials.
Treatments

EP (%)

EE (%)

MT (g/100 g)

aw

H (g/100 g)

S (%)

100M

95.60±0.76b1

99.40±0.00b

1.83±0.12c

0.15±0.01a

13.81±0.07a

97.06±0.08b

75M25C

95.71±0.92b

99.65±0.02a

2.63±0.07a

0.13±0.01ab

13.15±0.11b

97.42±0.04a

50M50C

98.27±0.55a

99.66±0.01a

2.47±0.19ab

0.13±0.01ab

11.48±0.32c

96.52±0.11c

25M75C

99.25±0.85a

99.65±0.01a

2.74±0.40a

0.11±0.00b

11.42±0.11c

97.10±0.11b

100C

99.47±0.19a

99.67±0.01a

1.89±0.01bc

0.13±0.00ab

10.82±0.07d

96.40±0.20c

1.934

0.0311

0.4889

0.3043

SMD (0.05)

0.6285

0.0193

EP – encapsulation productivity; EE – encapsulation efficiency; MT – moisture content; aw – water activity; H – hygroscopicity; S – solubility;
SMD – significant minimum difference. M100: maltodextrin 100%; 75M25C: 75% maltodextrin 25% Capsul®; 50M50C: 50% maltodextrin 50% Capsul®; 25M75C: 25% maltodextrin 75% Capsul®; 100C: 100% Capsul®. 1Mean of three repetitions ± standard deviation. Means with different letters
within a given column indicate statistically significant difference (p<0.05).

of the microcapsule and improved stability of the microencapsulated compound [Mahdavi et al., 2016]. The values obtained for this variable were greater than 99 g/100 g for all
treatments (Table 4).
Although significant differences (p<0.05) were found
among the treatments, differences may not be relevant from
a practical point of view. Results of this study are similar to
those of Norkaew et al. [2019] who reported 100 g/100 g
of EE in the encapsulation of anthocyanins from black rice
using maltodextrin and gelatin as wall material, on their own
or in combination, but higher compared to the results reported by Righi da Rosa et al. [2019] who microencapsulated
blueberry anthocyanins with maltodextrin DE20 and starch
“hi-maize” as wall materials. The mentioned authors used
similar drying conditions as in this study.
The variables MT, aw, and H are important for microcapsule storage, because they are related to the water “status”

of the MC, and indeed, with the stability of polysaccharides
forming the encapsulating wall. The MT of the microcapsules
from the five treatments ranged from 1.83 to 2.74 g/100 g.
The lower values were obtained in the treatments with single
wall material (Table 4). MT is affected by the feed flow rate
and the inlet and outlet temperatures during the spray drying
process. It is desirable to have low MT values to enhance storability of the MC. The values obtained are lower than those
reported by Silva et al. [2013] for MC of jaboticaba anthocyanins made with M (4.84 g/100 g), and a mixture of M:C
in a 17.7:83.3 ratio (5.3 g/100 g), obtained under the same
drying conditions. The aw of microcapsules was between
0.11 and 0.15. The aw values obtained are below the maximum
limit of 0.3 required to guarantee the stability of the powders during storage [Tonon et al., 2009]. García-Tejeda et al.
[2015] reported aw values of 0.19 and 0.26 for anthocyanin
MC produced with modified starches derived from normal

FIGURE 3. Microcapsules of anthocyanins from chagalapoli fruit prepared with different proportions of maltodextrin (M) and Capsul® (C) as wall
materials, at the initial day and after one week of storage in open plastic containers at room temperature.

306
and waxy maize, respectively. In the case of MC, the variables
MT and aw are dependent on the drying temperature (inlet
and outlet temperatures), with high temperatures resulting
in low values of these variables [Frascareli et al., 2012].
The proportion of M:C significantly affected the hygroscopicity of the MC. Greater H values were observed for
treatments with a high proportion of M (100M and 75M25C)
in which the particles had an intense pink-red color due to hydration after seven days of storage in open plastic containers
(Figure 3). Silva et al. [2013] reported similar results on hygroscopicity of microcapsules prepared using M and C mixtures during the encapsulation of jaboticaba anthocyanins.
It is recommended that the H value of MC be between
10 and 12 g/100 g to prevent absorbing moisture from
the atmosphere during storage. Microcapsules with high H
(>14 g/100 g), become soft and thereby lose their protective
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properties against external agents, such as oxygen, light,
and free radicals, which could degrade anthocyanins [Silva
et al., 2013].
The solubility (S) of the microcapsules varied from 96.4 to
97.4%, and no effect of M or C proportion in the wall material
mixtures was observed. The solubility values of the microcapsules obtained were sufficient for the complete incorporation
in hydrophilic food systems.
Microcapsule morphology
The MC were spherical in shape and had different sizes
(Figure 4), which is typical of spray-drying generated powders. Mixtures of different wall materials result in different
MC morphology. The 100M treatment produced smaller
microspheres with a smoother surface than the treatments
in the presence of C, in which spherical MC predominated,

FIGURE 4. External structure of anthocyanin microcapsules of chagalapoli fruit produced using different combinations of wall materials. M100:
maltodextrin 100%; 75M25C: 75% maltodextrin 25% Capsul®; 50M50C: 50% maltodextrin 50% Capsul®; 25M75C: 25% maltodextrin 75% Capsul®;
100C: 100% Capsul®.
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FIGURE 5. Degradation of anthocyanins in microcapsules stored at 35°C as a logarithm of the content ratio at storage time t (Ct) and initial (C0).
Microcapsules produced using different combinations of wall materials; M100: maltodextrin 100%; 75M25C: 75% maltodextrin-25% Capsul®;
50M50C: 50% maltodextrin 50% Capsul®; 25M75C: 25% maltodextrin 75% Capsul®; 100C: 100% Capsul®..

but with a rough surface, that according to Tonon et al. [2009]
is attributed to the shrinkage of the particles due to the loss
of moisture and cooling. The morphological characteristics
observed in the MC from the different treatments are similar
to those described by Silva et al. [2013] for MC of jaboticaba
anthocyanins with M and C as wall materials. The smooth
spheroidal morphology of MC with M as the wall material
is related to the content of low molecular weight sugars in this
polysaccharide, which can act as a plasticizer and prevent
shrinkage during surface drying. Loksuwan [2007] reached
this conclusion after comparing the morphology characteristics of microcapsules prepared with wall materials with
different dextrose equivalents (DE). As stated by Barros &
Stringheta [2006], MC with intact and regular walls result
in an improved microencapsulation process because those
with rough surfaces have larger contact areas than those with
smooth surfaces, which can render them more susceptible
to degradation. The MC had average diameters of 5.1 μm
(100M), 5.3 μm (75M25C), 6.7 μm (50M50C), 5.8 μm
(25M75C), and 6.1 μm (100C). These values are lower than
the average diameter of 10.9 μm reported for 10 DE maltodextrin microcapsules by Tonon et al. [2009].
Stability of anthocyanin microcapsules during storage
The degradation of anthocyanins in the MC fitted the first
order kinetic model (Figure 5), as reported previously by Idham et al. [2012]. The R2 for the anthocyanin stability data
of the different wall materials were >0.8 (Table 5). The R2
value is an indicator of how the data fit to the model used to
explain the phenomenon. The wall material treatments that
fitted better were 50M50C and 25M75C.

Righi da Rosa et al. [2019] evaluated the stability of blackberry microencapsulated anthocyanins with M and modified
maize starch (hi-maize) over 20 days, reporting R2 values
of 0.9678 to 0.9809 for the data adjusted to the first order
model.
The degradation constant of the microencapsulated CF
anthocyanins ranged from 1.35×10–3 to 1.65×10–3 day-1,
which resulted in a half-life time which ranged from 424 to
520 days (Table 5). The stability of the microencapsulated
anthocyanins during storage is attributed to the favorable
characteristics of the MC related to stability, such as moisture
content (MT), water activity (aw), and hygroscopicity (H).
Moser et al. [2017] reported a half-life time of 545 days for
grape anthocyanin microencapsulated with blends of soy

TABLE 5. Degradation kinetic variables of the anthocyanin microcapsules during storage at 35ºC.
Wall
material

R2

k × 10–3
(1/days)

Half-life t1/2
(days)

AR
(%)

100M

0.8143

1.35

520±82

90.3±1.4

75M25C

0.8254

1.65

424±54

89.5±2.0

50M50C

0.9100

1.50

464±44

91.0±0.8

25M75C

0.9258

1.60

451±62

89.0±1.2

100C

0.8520

1.60

451±62

91.0±1.2

M – maltodextrin; C – Capsul®; AR – anthocyanin retention. M100:
maltodextrin 100%; 75M25C: 75% maltodextrin 25% Capsul®; 50M50C:
50% maltodextrin 50% Capsul®; 25M75C: 25% maltodextrin 75% Capsul®; 100C: 100% Capsul®.
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protein and maltodextrin, stored at 35ºC. Stability of the core
materials in the MC is affected by the EE during the microencapsulation process in a direct manner. The higher the EE,
the longer the stability of the microencapsulated compounds
[Li et al., 2018]. Anthocyanin retention (AR) in the MC prepared with the different wall material mixtures after 70 days
of storage at 35ºC and protected from light, ranged from
89.0 to 91.0%.
The initial color parameters (L*, a*, and b*) of the MC
were of 37.9, 39.4, and -4.1 for 100M; 40.3, 39.2 and -4.6 for
75M25C; 44.3, 38.8 and -5.3 for 50M50C; 45.9, 39.7,
and -5.5 for 25M75C; and 48.1, 39.9, and -5.8 for 100C (Figure 6A). The incorporation of C in the wall material blends
resulted in the brightest MC which had the highest value of L*
in the treatment 100C. The values of a* were less affected;
however, MC from the 25M75C and 100C treatments had
higher values of this variable, which means that their MC
were of a light red color (Figure 6B), while b* values decreased
with increasing C proportion in the blends, which means
that the color of the MC increased to blue tint (Figure 6C).
The color of the MC is affected both, by the wall materials
used, and the chemical structure of the anthocyanins microencapsulated [Norkaew et al., 2019]. In some cases, color
changes are marked, as in the study of Norkaew et al. [2019],
who when incorporating whey protein in mixtures with M or
gum Arabic obtained intense dark MC; while in others [Idham et al., 2012], combinations of M with gum Arabic as wall
materials caused slight changes in the color parameters.
Storage resulted in color change of the MC. The L * values
increased from 0.05 to 12.1%, meaning that the MCs became
clearer and brighter at the end of storage. The smallest changes in L* were presented in the MC with a higher proportion
of C in the wall material mixture (Figure 6A). The variations
on a* were lower (0.7 to 2.9%), with no significant differences
of a* values between the 25M75C and 100C MC treatments
(Figure 6B). The b* values decreased in the 100M, 75M25C
and 50M50C MC treatments, meaning that with storage the yellowness was reduced, while blueness increased. In the 25M75C
and 100C MC variants, no differences of b* values were observed between 0 and 70 days of storage (Figure 6C). According to these results, incorporation of C in the wall material
blends to prepare the MC improved the color stability.
CONCLUSIONS
Among the variables examined to optimize the extraction of anthocyanins from CF, only the ethanol concentration
and pH contributed significantly to the model that showed
the best fit to the experimental data (R2=0.9760). The optimized extracting conditions were 63.5% (v/v) ethanol as
a solvent, pH of 2, sonication time of 30 min, and a ratio
of fruit pulp to solvent of 1:5 (w/v). Anthocyanins from CF
can be encapsulated with a mixture of maltodextrin:Capsul®
in a 50:50 ratio, with a high product encapsulation efficiency
and microcapsules characteristics favorable for storage. Under the conditions used to prepare the microcapsules of CF
anthocyanins in this study, and the storage conditions applied; the half-life time of the microcapsules was longer than
one year. The incorporation of Capsul® in the blends of wall

FIGURE 6. Color parameters of the microcapsules of chagalapoli fruit
anthocyanins at 0 and 70 days of storage at 35ºC; lightness – L* (A),
redness – a* (B), and yellowness – b* (C).
Microcapsules produced using different combinations of wall materials;
M100: maltodextrin 100%; 75M25C: 75% maltodextrin 25% Capsul®;
50M50C: 50% maltodextrin 50% Capsul®; 25M75C: 25% maltodextrin
75% Capsul®; 100C: 100% Capsul®. Different letters above the bars indicate significant differences (p<0.05).

materials improved color stability of the microcapsules during storage. Chagalapoli fruit is a suitable source of anthocyanins and due to its particular anthocyanin profile, dominated
by malvidin derivatives, its anthocyanin microcapsules could
be used in foods to get shades of color that are not possible
to achieve with the common anthocyanin pigments based on
cyanidin derivatives.
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