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Abstract: Phenolic compounds obtained from blueberries have gained great attention due to their
more effective bioactive roles in human health than those of whole berries. However, they are sen-
sitive to environmental conditions and are therefore susceptible to degradation affecting their effec-
tiveness. The microencapsulation of these compounds by spray drying provides a solution to these
problems. This work aimed to study the effect of spray drying on the microencapsulation of the
blueberry phenolic compounds to optimize the production of a powder rich in stable polyphenols.
The phenolic extract from blueberries was spray dried under different conditions of inlet air tem-
peratures (140 and 160 °C) and encapsulating agent concentrations (20 and 30% w/v), using malto-
dextrin (14.7 dextrose equivalent). The drying yield, moisture content, water-solubility, total and
surface phenolic content, and encapsulation efficiency of total phenolic were investigated. The re-
sults obtained showed that the different conditions evaluated influenced the drying yield, moisture
content, surface phenolic content, and encapsulation efficiency of phenolic compounds. In this
sense, the powders with the best characteristics were obtained with 30% w/v of maltodextrin at 160 °C
inlet temperature. These powders, rich in blueberry polyphenols stabilized by microencapsulation,
are easier to handle for application, so they could be used as functional food ingredients.
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1. Introduction

Consumption and the health-promoting properties of blueberry fruits have attracted
considerable attention after a report was published about its their antioxidant activity
among 42 fruits and vegetables [1]. Blueberries were found to be a rich source of bioactive
compounds such as polyphenols, compounds with proven beneficial effects on human
health. Several studies have shown that phenolic extracts from blueberry fruits were
found to be more effective in their bioactive roles in human health than whole berries [2—4].
However, polyphenols are chemically labile compounds, and their stability, and therefore
effectiveness, may be affected by several factors, such as pH, storage temperature, light,
oxygen, solvents, metal ions, etc. Thus, the stabilization of these molecules is the principal
focus in recent studies because of their beneficial effects on health.
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Microencapsulation is an option that stabilizes polyphenols and controls their release
at potential absorption sites [5]. Among microencapsulation techniques, spray drying is a
cost-effective and easy operation method that results in the formation of a stable, free-
flowing powder. Structurally, the bioactives are trapped in encapsulating agents of poly-
saccharide or proteinaceous nature. Among the polymers used for polyphenols, malto-
dextrin is one of the most important polysaccharides, mainly because it forms low viscos-
ity solutions in high concentrations, an important characteristic in the spray drying pro-
cess [6,7]. Maltodextrin has the additional advantages of a low cost and mild taste [8].

Drying conditions, such as inlet air temperature and concentration of the encapsulat-
ing agent, among others, may influence the final characteristics and the production yield
of the obtained powder. Therefore, the aim of this work was to evaluate the effect of the
drying conditions (inlet air temperatures and maltodextrin concentration) on the proper-
ties of the powder obtained from a blueberry phenolic extract in order to optimize the
production of a powder rich in stable bioactive polyphenols.

2. Materials and Methods
2.1. Samples

Blueberry fruits were obtained from “Tierra de Arandanos” S.R.L, located in San Mi-
guel de Tucuman, Province of Tucuman, Argentina.

2.2. Obtaining the Phenolic Extract from Blueberries

The whole blueberry fruits, previously selected, destemmed, washed with distilled
water, and dried with blotting paper, were crushed in a blender. Their phenolic com-
pounds were extracted with 52.6% (v/v) ethanol solution (acidified with citric acid at pH 2.0)
at a mass solvent to crushed fruits ratio of 4:2. Extraction was performed at room temper-
ature (25 °C) during 5 h using orbital agitation at 200 rpm and protected from light. The
mixture was filtered (Whatman N°4) and the supernatant was collected. Then, the ethanol
from the extract was eliminated using a rotary evaporator (Biichi, Flawil, Switzerland) at
40 °C. Finally, the extract was reconstituted to its initial volume with distilled water. The
extracts were fractionated and stored at 20 °C until spray drying.

2.3. Spray Drying of the Blueberry Phenolic Extracts

The mixture extract-maltodextrin (14.7 dextrose equivalent) was protected from light
and homogenized using a magnetic stirrer until the complete dissolution of maltodextrin.
Spray drying was carried out in a Buchi mini spray dryer model B-290 (Flawil, Switzerland)
using an air flow of 600 L/h. The mixture was fed into the drying chamber with a peristal-
tic pump at a flow rate of 7.5 mL/min and an aspirator flow rate of 100% (maximum ca-
pacity). The variables tested were inlet air temperature, or drying air temperature, (140
and 160 °C), and concentration of the encapsulating agent in the mixture (20 and 30% w/v).
All spray drying experiments were performed in triplicate. Obtained powders were vac-
uum packed in bags and stored at —20 °C until further analysis.

2.4. Drying Yield or Powder Production Yield

Yield was expressed as the percentage of the mass recovered after drying in relation
to the total solids before drying.

2.5. Moisture Content

The percent moisture content of the powders was determined in a halogen moisture
analyzer (HB43-S Mettler Toledo).
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2.6. Water Solubility

This parameter was determined according to Paini et al., 2015 [9].

2.7. Estimation of Phenolic Compounds in Powders
2.7.1. Phenolic Compounds Extraction

The total phenolic compounds and surface phenolic compounds from the powders
were extracted according to Tolun et al., 2016 [10].

2.7.2. Determination of Total Phenolic Content (TPC), Surface Phenolic Content (SPC),
and Encapsulation Efficiency of Phenolic Compounds (EE)

The total phenolic content (TPC) and surface phenolic content (SPC) were measured
by the Folin-Ciocalteu method according to Tolun et al., 2016 [10]. Results were expressed
in mg of gallic acid equivalents (GAE) per 1 g of powder. The encapsulation efficiency of
phenolic compounds (EE) was calculated as follows:

EE = (TPC - SPC)/TPC x 100. 1)

2.8. Statistical Analysis

Results are expressed as mean + SD and were analyzed using the Infostat software
package [11]. Analysis of Variance (ANOVA) was performed and in the case of signifi-
cance (p < 0.05), a DGC [12] comparison test was performed to reveal paired differences
between means.

3. Results and Discussion
3.1. Drying Yield or Powder Production Yield

The drying yield, or powder production yield, under different process conditions is
shown in Figure 1. Conditions that result in sufficient drying of the particles enhance the
product yield. In our study, all spray drying conditions exceeded the satisfactory level of
50% for a laboratory scale spray dryer [13], with results ranging from 81.3% to 93.4%. We
observed significant differences among treatments. In this sense, results showed that, with
reduced inlet air temperature (140 °C) and less concentration of the encapsulating agent
(20%), there was a decrease in the drying yield or powder production yield; and therefore,
the conditions with higher powder production yield were 30%MD 160 °C, 30%MD 140 °C,
and 20%MD 160 °C, all of them showing yields higher than 90%.
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Figure 1. Drying yield (%) under different spray drying conditions. Different letters indicate statis-
tically significant differences (p < 0.05) among conditions.
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3.2. Moisture Content and Water Solubility of Powders

The moisture content in powders under different process conditions are shown in
Figure 2. Spray drying must be sufficiently efficient to yield a powder with a residual
moisture content below 4-5%, which is required to ensure powder stability. Our results
showed that the moisture content in powders ranged from 3.4% to 4.6% among the spray
drying conditions evaluated, with the 30%MD 160 °C treatment showing the lowest value
with respect to all the others. According to our results, a decreased moisture content was
observed with the increase in drying air temperature due to the high temperatures, lead-
ing to greater energy transferred to the mixture and the evaporation of greater amounts
of water. This variable, together with an increase in MD concentration, gave the lowest
moisture (30%MD 160 °C). The fact that the increase in MD concentration is accompanied
by an increase in the solid matter in the feed solution and a decrease in the moisture to be
evaporated may result in a decrease in the moisture content of the end powder. Our re-
sults are consistent with Tolun et al., 2016. [10].
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SPRAY DRYING CONDITIONS

Figure 2. Moisture content (%) under different spray drying conditions. Different letters indicate
statistically significant differences (p < 0.05) among conditions.

Regarding the water solubility of the powders, at lower values there is minor degra-
dation of the powder constituents, and such condition leads to fewer numbers of soluble
molecules, so they are desirable high values for this parameter. In our study, the obtained
values were higher than 98% without differences among treatments (data not shown). The
presence of maltodextrin increases the solubility of atomized samples due to this encap-
sulating agent being highly soluble in water, making it one of the main materials used in
spray drying. Our results are consistent with de Souza et al., 2015 [14].

3.3. Total Phenolic Content (TPC), Surface Phenolic Content (SPC), and Encapsulation
Efficiency of Phenolic Compounds (EE)

The total phenolic content (TPC), surface phenolic content (SPC), and encapsulation
efficiency of phenolic compounds (EE) in powders under different process conditions are
shown in Figure 3. The TPC in powders ranged from 1.17 to 1.70 mg GAE/g powder ac-
cording to Fang et al., 2011 [15]. According to our results, it was found that the inlet air
temperature and encapsulating agent concentration do not have an effect on TPC (p <0.05).
However, we observed significant differences in the SPC. In this sense, we observed the
lower SPC at higher inlet air temperature and higher encapsulating agent concentration
(309%MD 160 °C). SPC has a direct relationship with the EE of the microcapsules produced.
The EE ranged from 90.6% to 97.8% with significant differences among treatments. The
higher values were obtained for 20%MD 140 °C and 30%MD 160 °C.
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Figure 3. Total phenolic content (TPC), surface phenolic content (SPC), and encapsulation effi-
ciency of phenolic compounds (EE) under different spray drying conditions. Different letters indi-

cate statistically significant differences (p < 0.05) among conditions: lower case for SPC and upper
case for EE.

4. Conclusions

The drying air temperature and the maltodextrin concentration as encapsulating
agent influenced the drying yield, moisture content, surface phenolic content, and encap-
sulation efficiency of phenolic compounds from blueberry extracts. In this sense, the pow-
ders with the best characteristics were obtained with 30% w/v of maltodextrin at 160 °C
inlet temperature. The powders rich in blueberry polyphenols stabilized by microencap-

sulation produced by utilizing these optimum conditions have the potential to be used as
functional food ingredients.
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