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Abstract Blackberry aqueous extract acidified with 2% citric
acid was spray-dried using gum Arabic (GA) and
polydextrose (PD) as encapsulating agents at concentrations
of 10 and 15 % and temperatures of 140 to 160 °C. All pow-
ders presented high solubility, ranging from 88.2 to 97.4 %,
and the encapsulation conditions did not significantly affect
the hygroscopicity. The powders produced with gum Arabic
showed higher brightness than those with polydextrose. The
anthocyanins retention in the microcapsules was 878.32 to
1300.83 mg/100 g, and the phenolics was 2106.56 to
2429.22 mg (GAE)/100 g. The antioxidant activity was quan-
tified according to DDPH and ABTS methods, with values
ranging from 31.28 to 40.26 % and 27 to 45.15 %, respective-
ly. The microscopy showed spherical particles for both encap-
sulating agents, and smooth surface with some concavities
with the gum Arabic, and smooth or slightly rough surface
when using polydextrose. The Pearson correlation coefficient
showed a high correlation between the color parameters, L*,
a*, b*, Hue, Chroma and browning index (BI), which were
also strongly correlated with anthocyanins. Phenolic present-
ed correlation with DPPH and ABTS values. The results
showed that the best encapsulation condition was atomization
at 140 °C and 15 % gum Arabic.
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Introduction

Besides being a source of fiber, minerals, and vitamins C and
A (Turemis et al. 2003), blackberry is rich in phenolic com-
pounds such as quercetin, gallic acid (Elisia et al. 2007), cat-
echins (Tsanova-Savova et al. 2005), epicatechins (Jakobek
et al. 2009), epigallocatechin (Pascual-Teresa et al. 2000),
and anthocyanins (Wang and Lin 2000). These compounds,
especially the anthocyanins, give the blackberry high antiox-
idant activity (Elisia et al. 2007; Jakobek et al. 2007).

The basic chemical structure of anthocyanins is the
flavylium cation, which consists of two aromatic rings con-
nected by the chain of three carbon atoms and an oxygen
bridge. The molecule may be glycosylated linked to sugar
molecules (Francis 1989), but in some cases it can be acylated
with organic aromatic or aliphatic acids (cinnamic acid,
malonic acid, and acetic acid, to name a few) through ester
bonds (He and Giusti 2010). Anthocyanins are responsible for
the colors violet, red and blue in flowers and fruits. The anti-
oxidant activity of anthocyanins plays important health bene-
fits such as anti-inflammatory effect, prevention of neuronal
and cardiovascular diseases, diabetes (Tulio et al. 2008), and
cancer treatments. The predominant anthocyanin in blackber-
ry is the cyanidin-3-glucoside (Wang et al. 1997).

The efficiency and stability of anthocyanins and other phe-
nolic compounds in blackberry can be affected by many fac-
tors, including the presence of light, enzymes such as poly-
phenol oxidase and peroxidase, ascorbic acid (Francis 1989),
pH (>3), moisture and oxygen (Fang and Bhandari 2011). In
this context, microencapsulation of anthocyanins may be a
good alternative for maintaining the stability of these bioactive
compounds when extracted from foods.

Spray drying is one of the most widely used microencap-
sulation techniques, since it provides rapid evaporation of wa-
ter and maintains the low temperature in the particles. Prior to
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spray drying, the wall material is mixed with the suspension
containing encapsulated components through intensive ho-
mogenization. According to Fang and Bhandari (2012), spray
drying is the most suitable method for the microencapsulation
of polyphenols.

Gum Arabic is the most commonly used encapsulating
agents in spray drying, due to its high soluble fiber content,
prebiotic effect, high digestive tolerance, and low caloric val-
ue (Badreldin et al. 2009). In addition, it is suitable for various
formulations of functional foods once it is non-cariogenic.

Polydextrose is a non-digestible polysaccharide, which
was used as encapsulating agent in the present study as a
new alternative for microencapsulation. It is soluble, has low
caloric value (approximately 1 kcal/g), and is used as sugar
substitute. Polydextrose is randomly bounded into the water
molecule, has an average degree of polymerization about 10
glucose residues, and is obtained by thermal polymerization of
D-glucose in the presence of sorbitol and phosphoric acid
(Ribeiro et al. 2003).

The objective of the present study was to evaluate the en-
capsulation of bioactive compounds from blackberry aqueous
extract by spray drying technique, using gum Arabic and
polydextrose as wall materials.

Material and methods

Material

The blackberry cultivar Tupy, from the city of Vacaria in the
state of Rio Grande do Sul, Brazil was acquired in frozen form
and remained stored in a freezer at −18 ± 2 °C until used.

Experimental procedure

The fruits were thawed and cut into slices with 3 mm thick-
ness. Then, in order to inactivate both peroxidase and poly-
phenol oxidase enzymes, the fruit was subjected to blanching
in which the slices were placed in an autoclave, generating
steam at 100 °C at atmospheric pressure for 2 min. After
blanching, the sample was rapidly cooled in an ice bath for
3 min. Water acidified with citric acid 2 % (w/v) at a ratio of
1:3 (fruit: water) was added to the blanched sample. After 4 h
kept in the dark, the suspension was filtered throughWhatman
filter paper No.1 for the separation of insoluble solids,
obtaining the blackberry aqueous extract (pH 2.5).

The blackberry extract was mixed to the encapsulating
agent under stirring using Ultra Turrax (IKA/T25) for 4 min
at 6000 rpm until complete dissolution. Gum Arabic
Instantgum BA (Nexira Brasil Comercial Ltda, São Paulo,
Brasil) and Polydextrose (MasterSense Ing Alim Ltda Sao
Paulo, Brasil) at concentrations of 10 and 15 % were used as
encapsulating agents. The spray drying process was

performed in a two-fluid pneumatic Mini Spray Dryer-LM
1.0 MSDI, tire type (LABMAQ, Brasil), with 1.0 mm diam-
eter nozzle. The mixture was fed into the chamber through a
peristaltic pump at a flow rate of 0.60 L/h; temperature of
drying air 140 and 160 °C; compressed air pressure of
3.5 kgf/cm2 and airflow of 40.5 L/h.

The powders were characterized for solubility, hygroscop-
icity, anthocyanins content, phenolic compounds, antioxidant
activity, and microstructure. All analyses were performed in
triplicate and in the absence of light.

Determination of anthocyanins

The total anthocyanin content was determined by the pH dif-
ferential (Giusti andWrolsted 2001) method. The powder was
dissolved in KCl buffer (0.025 M, pH 1.0) and CH3COONa
(0.4 M, pH 4.5) at a ratio of 1:90. To quantify anthocyanin
content in the blackberry extract, the same buffer was used in
the ratio of 1:20.

The absorbance (A) was measured in UV-visible
(Shimadzu-1800) spectrophotometer at 520 and 700 nm and
the results were calculated according to the equation:

A ¼ A520−A700ð ÞpH1;0− A520−A700ð ÞpH4;5 ð1Þ

where A520 is the sample absorbance at 520 nm, and A700 is the
sample absorbance at 700 nm.

The concentration of monomeric anthocyanins (MA) was
calculated according to Eq. 2:

MA ¼ A�M � DF � 100

ε� ι
ð2Þ

where M is the molar mass ratio of cyanidin-3-glucoside
(449.2 g.mol−1), DF is the dilution factor, ε is the molar ex-
tinction coefficient (26,900 L.mol−1.cm−1), l is the optical path
for the cuvette (1 cm).

Determination of total phenolics

The phenolic content in the blackberry powder was deter-
mined by the Folin-Ciocalteu method, according to the proto-
col described by Singleton and Rossi (1965) with modifica-
tions. For this, 0.5 g blackberry powder was resuspended in
20 mL distilled water. For the extract, an aliquot of 1 mL was
placed in 25 mL volumetric flask and the volume was com-
pleted with methanol. Then, 1 mL extract solution or powder
was mixed with 10 mL distilled water and 500 μL Folin-
Ciocalteu reagent, and allowed to react for 3 min. Then,
1.5 mL sodium carbonate (20 %, w/v) were added, and
allowed to stand for 2 h. The reading was performed in UV-
visible spectrophotometer (Shimadzu-1800) at 765 nm, using
distilled water as blank. The results were expressed in mg
gallic acid per 100 g sample.
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Determination of antioxidant activity by DPPH
and ABTS+

For sample preparation, 1 g blackberry powder was re-
suspended in 50 mL methanol (50 %, v/v) for DPPH
assay, and 20 mL for ABTS. The mixture was homog-
enized and kept for 60 min at room temperature in the
dark. For the blackberry extract, a 1 mL aliquot was
added to 3 mL methanol (50 % v/v) for DPPH assay,
and 2 mL for ABTS, homogenized and kept for 60 min
at room temperature in the dark.

DPPH values were determined according to the meth-
od described by Brand-Williams et al. (1995) based on
the capture of DPPH radicals by antioxidants. To pre-
pare 60 mM DPPH solution, 2.4 mg DPPH was resus-
pended in 100 mL methanol. The solution was homog-
enized and transferred to dark bottles, and used only on
the day of analysis. Aliquots of 0.1 mL blackberry pow-
der solution or extract were transferred to test tubes
containing 3.9 mL DPPH solution, and homogenized.
An aliquot of 0.1 mL methanol (50 %, v/v) and
3.9 mL DPPH solution was used as control. After
45 min, the scavenging activity was monitored by spec-
trophotometer at 515 nm by the decrease in absorbance,
using methanol as a blank. The results were expressed
as a percentage of radical sequestered:

% ¼ 1−
Aamostra

Acontrole

� �
� 100 ð3Þ

The antioxidant activity by ABTS was determined by the
method described by Re et al. (1999). The radical cation
ABTS was generated through a reaction between 7 mM stock
solution of ABTS (prepared by dissolving 192 mg ABTS in
50 mL distilled water) and 140 mM potassium persulfate so-
lution (378.4 mg potassium persulfate in 10 mL distilled wa-
ter). This solution was kept in the dark for 12 h at room tem-
perature before use. The ABTS solution was diluted with
phosphate buffer (5 mM, pH 7.0) to obtain an absorbance of
0.7 (± 0.02) at 734 nm. Aliquots of 10 μL blackberry powder
solution or extract were diluted with 1 mL ABTS solution and
the absorbance (734 nm) was monitored after 6 min. The
results were expressed as percent of sequestered radicals (%)
according to Eq. (3).

Determination of powder solubility and hygroscopicity

The solubility was determined according to the method pro-
posed by Cano-Chauca et al (2005), with some modifications.
For that, 1 g powder was resuspended in 100 mL distilled
water under magnetic stirring for 5 min. Then, the solution
was centrifuged at 3000 × g for 15 min and a 25 ml superna-
tant was transferred to a 50 mL beaker and dried at 105 °C for

24 h. Solubility (%) was calculated by weight difference using
the following equation.

Solubility ¼ Pa−Pbð Þ
0:25

� 100 ð4Þ

Where: Pa (g) is the mass of the beaker plus sample after
dried, and Pb (g) is the initial mass of the weighed beaker.

The hygroscopicity was determined in accordance
with the method proposed by Tonon et al. (2009).
Approximately 1 g powder was weighed into aluminum
caps and placed in a container with saturated (75 %)
sodium chloride (NaCl). The samples were placed in an
incubator (model 411/FDP, Ethik Techology, Brazil) at
25 °C, and weighed at 48 h intervals until equilibrium
was reached. The hygroscopicity was expressed in per-
centage or 1 g of adsorbed moisture per 100 g dry
sol ids (g/100 g) using the fol lowing equat ion
(Caparino et al. 2012):

HG %ð Þ ¼ Δm= M þMið Þ
1þΔm=M

ð5Þ

where Δm (g) is the weight increase of the powder
after equilibrium was reached, M is the initial mass
of the powder and Mi is the free water content in the
powder before exposure to moist air environment.

Color measurements

Color measurements were performed by direct readings
on a Minolta colorimeter (CR400/410) using CIE Lab
system, where L* indicates the lightness (0 – black,
100 - white), a* coordinate varying from green (−60)
to red (60), and b* from blue (−60) to yellow (60).
The instrument was standardized with a white ceramic
plate (L* = 97.47; a* = 0.08; b* = 1.76). The param-
eters L*, a* and b* were used to calculate Chroma,
Hue angle and browning index (BI) according to the
following equations:

Chroma ¼ a*2 þ b*2
� �1=2 ð6Þ

Hue ¼ tan−1
b*

a*

� �
ð7Þ

BI ¼ 100 x −0:31ð Þ½ �
0:17

ð8Þ

where,

x ¼ a* þ 1:75L*
� �

5:645L* þ a* −3:012b*
� � ð9Þ
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Scanning electron microscopy

The microstructures of spray-dried samples were observed by
scanning electron microscopy according to the method report-
ed by Toneli et al. (2008), which consisted of weighing ap-
proximately 1 g sample in double-faced adhesive tape,
mounted on stubs and sputter coated with a thin layer of gold
in a sputter coater (Bal-Tec, SCD050, New York, USA). The
samples were viewed in a scanning electron microscope (JSM
6060, Tokyo, Japan) operating at 10 kV and 1 × 10−6 mbar,
using a 3000 × magnification.

Statistical analysis

Three factors were studied: drying air temperature, at levels of
140 and 160 °C; concentration of encapsulating agent in the
dispersion, at levels of 10 and 15 %; and a single qualitative
variable (encapsulating material); with two repetitions for
each treatment. The statistical design used was full factorial
experiment. ANOVA was used and the differences between
means were compared by Tukey’s test, using SAS 9.3 soft-
ware (SAS Institute Inc.). Pearson correlation analysis be-
tween color parameters (L*, a*, b*, Hue, Chroma and BI),
phenolics, anthocyanins, and antioxidant activity of blackber-
ry powder were realized, and correlation coefficients (r) were
also calculated with SAS 9.3.

Results and discussion

Centesimal composition

The centesimal composition of blackberry was: 87.45 %
moisture, 1.30 % protein, 0.15 % lipids, 0.21 % ash, and
10.89 % carbohydrate content.

Characterization of blackberry extract

The anthocyanin content was 2765.14 ± 5.4 mg/100 g, which
was higher than that found by Ivanovic et al. (2014), who
found from 1150 to 1380 mg/100 g, and by Elisia et al.
(2007) who reported 1710 mg/100 g in blackberry ethanolic
extract.

The phenolics content was 10,039 ± 162.5 mg (GAE)/
100 g, which was higher than the values found by Wang and
Lin (2000) that ranged from 7400 to 9160 mg (GAE)/100 g in
the blackberry extract obtained using phosphate buffer
(75 mM, pH 7.0). The antioxidant activity of the extract de-
termined byDPPH and ABTSwas 55 ± 0.7 % and 67 ± 0.2%,
respectively.

Blackberry extract microcapsules

Solubility and hygroscopicity

Figure 1 shows the solubility (A) and hygroscopicity (B) of
the blackberry microparticles. All encapsulated samples were
very soluble, with values ranging from 88.2 to 97.4 %. For
both wall materials, no significant difference (p > 0.05) was
observed in solubility values with increasing temperature and
concentration.

The hygroscopicity ranged from 14.49 to 19.42 %. Tonon
et al. (2009) reported hygroscopicity of 19.74 % for açai pow-
der encapsulated with gum Arabic. Kuck and Noreña (2016)
found hygroscopicity values ranged from 11.67 % to 16.61 %
for grape skin powder produced with gum Arabic, partially
hydrolyzed guar gum and polydextrose. The hygroscopicity
of the spray-dried powders did not change significantly
(p > 0.05) with the drying temperature and the concentration
of the encapsulating agent. Concerning the nature of the en-
capsulating agent, although the particles spray-dried with gum
Arabic presented lower hygroscopicity when compared with
polydextrose, these values were not significant (p > 0.05).
Gum Arabic is a low hygroscopic material, thus when it is
used as encapsulating agent it tends to give less hygroscopic
and more stable particles (Fazaeli et al. 2012). According to
Tonon et al. (2010), the low hygroscopicity of these particles
with respect to the others, results in lower water adsorption
and thus, lower molecular mobility.

Anthocyanins and phenolics content

The contents of anthocyanins and phenolic compounds in the
powders are shown in Fig. 2a and b, respectively, which
decreased when compared to the levels found in the extract.
Adams (1973) reported that the exposure of anthocyanins to
high temperatures causes the opening of the flavylium ring,
resulting in the formation of a chalcone, which is the first step
of thermal degradation of anthocyanins.

The anthocyanins content ranged from 878.32 to
1300.83 mg/100 g on dry basis. The results showed that
the anthocyanins content decreased significantly (p < 0.05)
with increasing temperature, and the anthocyanin retention
was higher in the treatment with gum Arabic than in the
treatment with polydextrose (p < 0.05). Adams (1973) re-
ported that high temperatures and pH values in the range
from 2 to 4 induce the hydrolysis of the glycosyl groups of
the anthocyanin molecule. This hydrolysis leads to a loss of
color of anthocyanins, since aglucones are less stable than
the glycosylated molecules. Tonon et al. (2008) found that
the anthocyanin content decreased from 86.01 to 79.09 %
when increasing temperature from 150 to 190 °C in spray-
dried açai using maltodextrin as encapsulating agent.
According to Quek et al. (2007) powders produced at lower
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drying temperatures are more prone to adhesion between
the particles, thus reducing the exposure to oxygen, and
protecting anthocyanins from oxidation. Regarding the
type of encapsulating agent, Dangles and Brouillard
(1992) stated that gum Arabic is an excellent encapsulating
agent that adequately involves the anthocyanin molecule, so
that the flavylium cation is less vulnerable to the degrada-
tion factors, increasing anthocyanins stability.

Regarding the effect of concentration of the encapsulating
agent, the highest concentration caused no significant changes
in the anthocyanins, except with polydextrose at 140 °C,
which decreased anthocyanins levels (p < 0.05).

With respect to the phenolics content, the values ranged
from 2106.56 to 2429.22 mg (GAE)/100 g, and were higher
in the samples containing gum Arabic, at 140 °C, since the
levels decreased significantly (p < 0.05) at lower tempera-
tures. The losses of phenolic compounds during drying pro-
cess may be due to the oxidative reactions and elevated tem-
peratures used in spray drying, since some phenolic com-
pounds are thermolabile (Moure et al. 2001).

Antioxidant activity

The antioxidant activity of the encapsulated powders was de-
termined by both DPPH and ABTS methods, and the results
are shown in Fig. 3a and b, with values ranging from 31.28 to
40.26 %, and 29.15 to 45.15 %, for DPPH and ABTS, respec-
tively. These values were lower than those values found in the
blackberry extract, which were 55 and 67 % by DPPH and
ABTS, respectively. High temperatures adversely affect the
structure of phenolic compounds, causing structural breakage,
resulting in the formation of different compounds, thereby
reducing the antioxidant activity (Mishra et al. 2013).

No significant difference (p > 0.05) was observed for the
antioxidant activitymeasured byDPPH, for all treatments. For
the ABTS, the highest activities were obtained at 140 °C
(p < 0.05).

Both methods have the principle of stabilization of radicals
by hydrogen atom donation (Sudha et al. 2012). The percent
differences in DPPH and ABTS assays may be due to the
different stereo selectivity of radicals reaction, and the

Fig. 1 Solubility (%) (a) and
hygroscopicity (%) (b) of spray-
dried blackberry powder, at 140
and 160 °C, with 10 and 15 %
gum Arabic (GA) and
polydextrose (PD). Values
expressed as mean ± standard
deviation. Same letters indicate
no significant difference
(p > 0.05)
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different compounds in the powder capable to react and elim-
inate different radicals (Zhu et al. 2008).

Color measurements

The color parameters are presented in Table 1. The powders
encapsulated with gum Arabic had higher luminosity than the
powders with polydextrose. Increasing the drying temperature
and the concentration of encapsulating agents did not signifi-
cantly (p > 0.05) affect L* parameters of the powder encapsu-
lated with gum Arabic. In contrast, significant (p < 0.05) dif-
ferences were observed for the powders with polydextrose as
encapsulating agent.

The a* and b* values reduced significantly (p < 0.05) with
increasing concentration of gum Arabic and polydextrose.
Jiménez-Aguilar et al. (2011) reported that the coordinate a*
is attributed to the anthocyanins content of the fruit, which are
responsible for the red color of the spray-dried blueberry mi-
crocapsules. According to Ahmed et al. (2010), color changes

in products microencapsulated with bioactive compounds can
occur due to the formation of polymeric anthocyanins.
Furthermore, the relative amounts of flavylium cation (red or
orange), quinoidal forms (blue), carbinol pseudobase
(colorless) and chalcone (colorless or slightly yellowish) in
equilibrium conditions may vary depending on the pH and
the anthocyanin structure (Giusti and Wrolstad 2001).

The parameters concentration of encapsulating agent and
temperature did not affect the Hue angle, once no significant
differences (p > 0.05) were observed for all treatments.
Furthermore, the lower values evidenced predominantly red-
blue color in the samples. With respect to Chroma, there was a
significant reduction (p < 0.05) with increasing the concentra-
tion of gum Arabic and polydextrose for all treatments.
Concerning the browning index (BI), it did not increase sig-
nificantly with temperature (p > 0.05) for the powders encap-
sulated with gum Arabic. In contrast, the powders with
polydextrose presented higher BI with increasing temperature
(p < 0.05), indicating a higher degree of browning. Browning

Fig. 2 Anthocyanins content
(mg/100 g) (a) and phenolics
content (mg (GAE)/100 g) (b) of
spray-dried blackberry powder, at
140 and 160 °C, with 10 and 15%
gum Arabic (GA) and
polydextrose (PD). Values
expressed as mean ± standard
deviation. Same letters indicate
no significant difference
(p > 0.05)
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Table 1 Color parameters of blackberry powder obtained by spray drying at 140 to 160 °C, using 10 and 15 % gum Arabic and polydextrose

Treatment L* a* b* Hue Chroma BI

GA1 67.91 ± 0.82ab 35.42 ± 0.40ª 4.87 ± 0.11ª 7.82 ± 0.08ª 35.75 ± 0.41ª 41.72 ± 0.43ª

GA2 68.72 ± 0.26b 33.73 ± 0.45b 4.88 ± 0.18ª 8.23 ± 0.20ª 34.08 ± 0.47b 39.78 ± 0.84a

GA3 68.78 ± 1.63b 30.78 ± 0.28c 3.22 ± 0.05b 5.98 ± 0.04a 30.95 ± 0.29c 33.76 ± 0.44b

GA4 69.63 ± 0.16b 30.53 ± 0.02c 3.54 ± 0.01b 6.62 ± 0.02a 30.74 ± 0.02c 34.34 ± 0.07b

PD1 63.96 ± 0.23c 40.94 ± 0.06d 8.26 ± 0.01c 11.41 ± 0.00ab 41.76 ± 0.07d 55.48 ± 0.28c

PD2 52.40 ± 0.57d 41.03 ± 0.30d 9.00 ± 0.67c 16.76 ± 0.81b 42.00 ± 0.44d 60.29 ± 1.13d

PD3 65.59 ± 1.10ae 36.81 ± 0.47e 6.35 ± 0.24d 9.79 ± 0.24ab 37.35 ± 0.51e 46.99 ± 1.61e

PD4 62.50 ± 0.33c 38.44 ± 0.04f 8.46 ± 0.10d 12.41 ± 0.13ab 39.36 ± 0.06f 54.78 ± 0.50c

Values expressed as mean ± standard deviation

Same lowercase letters in the same column indicate no significant difference (p > 0.05)

10 % gum Arabic: 140 °C (GA1), 160 °C (GA2); 15 % gum Arabic: 140 °C (GA3), 160 °C (GA4). 10 % polydextrose at 140 °C (PD1), 160 °C (PD2);
15 % polydextrose at 140 °C (PD3), 160 °C (PD4)

Fig. 3 Antioxidant activity (%)
by DPPH (a) and by ABTS (b) of
spray-dried blackberry powder, at
140 and 160 °C, with 10 and 15%
gum Arabic (GA) and
polydextrose (PD). Values
expressed as mean ± standard
deviation. Same letters indicate
no significant difference
(p > 0.05)
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may occur due to thermal degradation of anthocyanins, espe-
cially in the presence of oxygen and enzymes such as
polyphenol oxidase, since it catalyzes the oxidation of
chlorogenic acid to the corresponding o-quinone, which reacts
with anthocyanins, leading to the formation of brown products
(Kader et al. 1999).

Structure microscopic analysis

The microstructure of the blackberry powder produced by
spray drying at 140 and 160 °C was evaluated by scanning
electron microscopy. Figure 4 shows the images of the micro-
particles encapsulated with gum Arabic (Fig. 4a, b, c and d).
The microparticles exhibited spherical shape, smooth surface

and variable sizes with some concavities. Rosenberg et al.
(1985) reported that the concavities are typical of spray-
dried samples due to the rapid water evaporation. Aguilera
and Stanley (1999) reported that spray-dried products gener-
ally result in hollow spherical particles, and the formation of
concavities occurs due to shrinkage after hardening of the
outer surface of the sphere followed by expansion of air bub-
bles trapped inside the particle.

When polydextrose was used (Figs. 4e, f, g and h), the
particles exhibited spherical shape, mostly with smooth sur-
face, but with some slightly rough surface (Fig. 4g and h). The
formation of microstructures with rough surfaces is undesir-
able, since it affects the flow properties of the wall material
(Rosenberg et al. 1985). It was also observed that smaller

Fig. 4 Microscopic images of the
spray-dried blackberry powder
with 10 % gum Arabic at 140 °C
(a), 160 °C (b); 15 % gum Arabic
at 140 °C (c), 160 °C (d); 10 %
polydextrose at 140 °C (e),
160 °C (f); 15 % polydextrose at
140 °C (g), 160 °C (h); at 3000×
magnification
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particles were arranged around the larger particles. According
to Cano-Chauca et al. (2005), the presence of few cracks and
surface pores, and the strong adhesion of smaller particles
around the larger ones can be due to the absence of crystalline
surfaces, which is characteristic of amorphous products.

The analysis of correlation of Pearson

Pearson analysis was used to assess the correlations between
color measurements (L*, a*, b*, Hue, Chroma and BI), phe-
nolics, anthocyanins, and antioxidant activity for the different
drying conditions. The Pearson correlation analysis shows the
interdependence between the variables and can be seen in
Table 2.

The color parameters, L*, a*, b*, Hue angle, Chroma and
BIwere highly correlated with each other (r > 0.792), and with
anthocyanins (r > 0.736). Phenolic compounds were strongly
correlated with the antioxidant activity (DPPH: r = 0.86;
ABTS: r = 0.95). Jakobek et al. (2009) reported that the phe-
nolic compounds in blackberry have high antioxidant activity,
and Huang et al. (2012) found a positive correlation between
the phenolic compounds and antioxidant activity in blueberry.

The results presented above evidenced that the encapsula-
tion with 15 % gum Arabic at 140 °C was the best encapsu-
lation condition, resulting in a powder with good retention of
bioactive compounds, with anthocyanins levels of
1279.11 mg/100 g cyanidin-3-glucoside, 2429.22 mg
(GAE)/100 g phenolic compounds, 40.26 % antioxidant ac-
tivity by DPPH, and 45.15 % by ABTS, in addition to the
positive results for solubility, hygroscopicity, and color.

Conclusion

The samples encapsulated with gum Arabic and polydextrose
under different concentration and temperature conditions
showed that the solubility was higher than 88.2 %, and the

hygroscopicity was not affected by the conditions used in the
encapsulation process. With respect to the color parameters,
samples were reddish and the browning index increased sig-
nificantly with temperature in the samples with polydextrose.

The higher drying temperature caused a decrease in
anthocyanins and phenolic compounds, while the anti-
oxidant activity by DPPH assay was not significantly
different. The antioxidant activity measured by ABTS
method was not significantly affected by the higher con-
centrations of encapsulating agent.

The microstructure exhibited spheric shape and smooth
surface, and presented concavities when gumArabic was used
as encapsulating agent. According to the results, it was found
that the spray-dried samples containing 15 % gum Arabic at
140 °C had higher retention of bioactive compounds, with
anthocyanins contents of 1279.11 mg/100 g cyanidin-3-glu-
coside, 2429.22 mg (GAE)/100 g phenolic compounds,
40.26 % antioxidant activity by DPPH method, and 45.15 %
by ABTS.
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