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ABSTRACT

The preparation and characterization of bioactive
fibers made from pulps of cherry and Surinam
cherry, and a polymeric matrix of Eudragit® L100
using electrospinning technique was investigated.
The chemical characterization of the pulps obtained
from cherry and Surinam cherry revealed that they
are good sources of vitamin C (721.34 mg/100 g and
25.23 mg/100 g), carotenoids (3,138.5 pg/100 g
and 14,015.5 pg/100 g) and phenolic compounds
(784.89 GAE/100 g and 285.84 GAE/100 g. Their
encapsulation in ultrafine fibers of Eudragit® L100
by electrospinning was successfully achieved. The
morphology of the fibers was observed using
scanning electron microscopy (SEM). The fibers
obtained had dimensions in the microscale range.
The images showed that the best preparation
conditions to generate uniform and homogenous
fibers involved Eudragit® L100 at a concentration
of 15% together with the addition of 3% pulp
while applying 15 kV and 20 kV voltages.
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INTRODUCTION

Packaging films containing bioactive antioxidant
compounds are considered important food packaging
materials, especially for the purpose of avoiding
oxidation reactions that occur in food products
and limit their preservation [1]. Therefore, films
developed using fruits may take advantage of the
antioxidant activity of these fruits used as additives/
fillers. Since the early 1990s, the technique of
producing ultrafine fibers based on the use of high
voltage and low current electric field, such as
electrospinning, have been used as an encapsulation
technique. Electrospinning has been used for the
production of fibers, with diameters in the micrometer
range down to nanometer range [2, 3], that have good
applicability in food and nutraceutical formulations,
coatings, and bioactive food packaging as well as
in the food processing industry [4]. The use of
electrospinning technique to encapsulate fruit pulps
in polymer nanofibers may also provide an interesting
method of stabilizing and preserving their functional
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components, due to the barrier imposed by the
polymer layer over the encapsulated particle [5].
Essentially, an electrospinning system is composed
of a high voltage power supply, a metallic collector
and a syringe pump, as depicted in figure 1. In this
process, a high electric field is generated between
the surface of a polymer solution and a collection
target. As the intensity of the electric field increases,
the surface of the solution at the tip of the syringe
elongates and a charged jet of the solution is
consequently ejected from the tip of the cone. As
the polymer solution jet travels, the solvent
evaporates, and a charged polymer fiber is finally
accumulated on the surface of the collector, resulting
in a nonwoven web of oriented fibers with diameters
in the nanometer or micrometer scale [6]. Regarding
matrix encapsulation, various commercially available
polymers can be used, including chemically modified
natural and synthetic polymers.

In this work, Eudragit® was used as the matrix for
encapsulation. To the best of our knowledge, there
are still only a few reports on the electrospinning of
fibers from the Eudragit series of polymers. Among
the different types of this series of commercial
polymers, Eudragit L100 (methacrylic acid) is an
enteric and pH-dependent polymer (soluble above
pH 6) [7]. Due to this behavior, Eudragit® L100 is
insoluble in the mouth and in the stomach, and it
becomes soluble in the duodenum (pH of
approximately 6). Considering this phenomenon,
the aim of this study is to produce and characterize
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fibers using the electrospinning technique,
incorporating a blend of pulps from Brazilian tropical
fruits, i.e., cherry (Malpighia emarginata DC.) and
Surinam cherry (Eugenia uniflora L.) in an Eudragit®
L100 polymer matrix.

MATERIALS AND METHODS

Materials

Cherry (Malpighia emarginata DC.) and Surinam
cherry (Eugenia uniflora L.) pulps were purchased
from a small farm located in S&o Paulo, Brazil.
Eudragit® L100, which is an acrylate-methacrylate
copolymer with a molecular weight of 150,000 Da,
was obtained from R6hm Company (Germany). The
solvents used were ethyl alcohol (95%, reagent grade),
purchased from Sigma-Aldrich, and distilled water.

Pulp preparation

The fruits were subjected to the following preparation
steps: washed under running water, sanitized with
sodium hypochlorite solution (30 ppm) for 20
minutes, rinsed under running water for chlorine
removal, pulped with a depulper (Bonina 0.25 dF)
composed of a sieve with a 0.6 mm diameter and
centrifuged.

To minimize the loss of bioactive compounds, the
centrifuged pulps were stored in a freezing chamber
at -18 °C for further analysis. Only the amount
required for chemical analysis was thawed slowly
to preserve the nutritional and sensory properties
of the original product.

Electrosprayed jet
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.........
.........

collector

Figure 1. Electrospinning device.
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Cherry and Surinam cherry pulp analysis

Bioactive compounds were determined using the
following methodologies: vitamin C by the 2,6-
dichlorophenolindophenol assay established by the
AOAC (Association of Analytical Communities)
[8], total carotenoids (ug/100 g) by spectrophotometry
according to Rodriguez-Amaya [9] and Pacheco [10],
and total phenolics according to the Folin-Ciocalteu
method [11]. The results were expressed as gallic
acid equivalents (GAE)/100 g. All these analyses
were carried out in triplicate.

Spinning solutions

Spinning solutions were prepared in a mixed solvent
system at room temperature. Eudragit® L100 was
dissolved in a mixture of ethanol-water (4:1) (v/v)
at concentrations of 15 and 20% (w/v). The blend
from the cherry and Surinam cherry pulps (1:1)
(w/w) was freeze-dried before the electrospinning
procedure and dispersed in ethanol and distilled
water at concentrations of 1 and 3% (w/v). All
solutions were magnetically stirred overnight at
room temperature. To the solutions containing the
fruit blend at concentrations of 1 and 3% Eudragit®
L100 solution at a concentration of 15 or 20%
(w/v) was added.

Electrospinning

Homogenous solution of Eudragit® L100 and
dispersions of Eudragit® L100 with cherry or Surinam
cherry pulps were placed in a 5 ml syringe and the
solution/dispersion was pumped with a syringe pump
(KDS 100 series) at a rate of 0.25 mi/h. The metallic
needle (0.80 mm x 30 mm) was connected to a high
voltage supply (Glassman High Voltage, PS/FC
60p02.0-11), and a collector was placed 10 cm from
the tip of the needle horizontally to collect the
ultrafine fibers. All electrospinning was performed
at room temperature and at an applied voltage of
15 and 20 kV.

Scanning electron microscopy

The surface morphology of the electrospun ultrafine
fibers was assessed using a Quanta 250 FEG scanning
electron microscope (FEI, Hillsboro, Oregon, USA).
Prior to examination, the samples were fixed in stubs
with a 10 mm diameter using carbon adhesive tape
and coated with platinum under an argon atmosphere
using a high vacuum coater apparatus (Leica EM
ACE 600®, Germany). Pictures were then taken at
an excitation voltage of 30 kV. The average fiber
diameter was determined using size metric software
(National Institutes of Health, USA).

RESULTS AND DISCUSSION

Pulp characteristics

Table 1 shows the chemical characteristics of the
pulps from cherry and Surinam cherry. Ascorbic
acid analysis showed that cherry is not considered
to be a rich source of vitamin C (25.23 mg/100 g).
Oliveira et al. (2006) [12] determined an ascorbic
acid content of 13.42 mg/100 g in whole Surinam
cherry pulp, while Melo, Arroxelas and Birth [13]
determined an ascorbic acid content of 42.9 mg/100 g
in mature Surinam cherries. Cavalcante [14], in a
study of Surinam cherries, found an ascorbic acid
content of 16 mg/100 g. For cherries, the ascorbic
acid content was found to be quite high (721.34
mg/100 g) compared to that of Surinam cherries.
Compared to other fruits rich in ascorbic acid,
cherries stand out for being considered a main
source of vitamin C, followed by cashew with its
yellow and red varieties, guava, mango and citrus
fruits [12]. Gorgatti et al. [15] reviewed the content
of vitamin C in cherry at different stages of
maturation, and the contents ranged from 560
mg/100 g to 1,822 mg/100 g. Researchers claim
that the more mature a cherry is, the lower the
content of this nutrient will be. The total phenolic
content of cherry was higher than that of Surinam

Table 1. Chemical contents in cherry and Surinam cherry pulps.

Compound(s) Cherry Surinam cherry
Vitamin C (mg/100 g) 721.34 £0.08 25.23+0.06
Total phenolics (GAE/100g)  784.89 + 1.40 285.84 £ 2.73
Total carotenoids (pg/100 g) 3,1385+1.2 14,0155+ 1.6

Values are the mean + SD of three determinations.
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cherries. Cherry contained 784.89 GAE/100 g,
while Surinam cherry contained 285.84 GAE/100 g.
In a study on the antioxidant activity of cherries
and their derivatives, Mezadri et al. [16] found
total phenolic contents that ranged from 805 to
1,150 GAE/100 g. In relation to Surinam cherry, a
similar content (210 GAE/100 g) was described
by Bagetti [17]. By contrast, in terms of bioactive
compounds, the total carotenoids in surinam cherry
was higher than that in cherry: 14,015.5 ug/100 g
and 3,138.5 pg/100 g, respectively. A similar content
(3090 pg/100 g) was found by Almeida et al. [18]
in the initial stage of ripeness of cherries from
temperate and tropical regions in Brazil. Using a
spectrophotometer, Lima et al. [19] quantified the
carotenoid content in red Surinam cherry and observed
lower levels than those in the present study
(10,400 pg/100 g). The chemical composition of
fruits can be affected by several factors such as the
food source, weather conditions, harvesting and
handling conditions, ripeness degree, transportation
and storage. Thus, these factors could also explain
the difference in values between the same types of
foods [20]. The high content of bioactive compounds

in both pulps demonstrates that these fruits are a
great source of antioxidants and can be considered
as functional ingredients. Therefore, the present
study will report the incorporation of these fruits,
which contain bioactive compounds with known
beneficial properties for human health, into fine
polymer fibers by means of electrospinning to
generate a novel technology for the encapsulation
of value-added food ingredients.

Fiber morphology

The morphology of the obtained ultrafine fibers was
studied using scanning electron microscopy (SEM).
SEM images of the Eudragit® L100 fibers are shown
in figures 2 and 3. All the Eudragit® L100 solutions
were clear and transparent. It is apparent that
the electrospinning of the polymer solution at
concentrations of 15 and 20% exhibited ribbon-like
morphologies (Figure 2), probably due to the low
surface tension and low boiling point of the
solvent. As demonstrated in figure 2 (a) and (c),
the two types of fibers are relatively uniform and
homogeneous in structure compared to those shown
in figure 2 (b) and (d), which had irregular structures.

v‘b

Figure 2. Selected SEM images of fibers: Eudragit at concentrations of 15% (a) and 20% (b)
electrospun at 15 kV voltage and Eudragit at concentrations of 15% (c) and 20% (d) electrospun at
20 kV voltage. The magnification used was 10000X.
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Figure 3. Diameters of the fibers: Eudragit at concentrations of 15% (a) and 20% (b) electrospun at
15 kV voltage and Eudragit at concentrations of 15% (c) and 20% (d) electrospun at 20 kV voltage.

The average diameter of the fibers of Eudragit®
L100 were in the micrometer range (1.6-4.3 um),
as shown in figure 3. However, Eudragit® L100
fibers prepared at a concentration of 20% and 20 kV
(Figure 3 (d)) had a higher diameter of 4.34 pum.
Based on these results, it was decided to add cherry
and Surinam cherry pulps at concentrations of 1 and
3% into the solution of Eudragit® L100 prepared at
15% in order to produce fibers rich in nutrients. The
morphology of the Eudragit® L100 fibers prepared
at a polymer concentration of 15% with the addition
of 1 or 3% pulp while applying 15 or 20 kV voltages
is presented in figure 4. Figure 5 shows the distribution
of the fiber diameters measured from each SEM
image. By comparing the images of fibers prepared
with 1% and 3% pulp added to a 15% Eudragit®
L100 solution, it is possible to conclude that the fibers
prepared with 3% pulp had a uniform morphology,
as illustrated in figure 4 (a) and (d). The addition of

pulp promoted a decrease in the fiber diameter (mean
+ standard deviation), except for those prepared at an
Eudragit® L100 concentration of 15% with the
addition of 1% pulp (Figure 5 (a)). However, there
was a higher diameter distribution, with nearly 20%
of the fibers with diameters up to 1 um and some
reaching 5 um in diameter (Figure 5 (a) and (c)).
This behavior was not observed in figure 5 (b) and (d),
which showed average diameters of 1.43 um and
1.51 um, respectively. It is possible that in the fibers
containing 3% pulp, the solid was better dispersed
in the polymer solution, thus explaining the shapes,
as discussed earlier. This better pulp distribution may
have contributed to a slight increase in the viscosity,
favoring the production of uniform fibers at both
voltages, 15 and 20 kV. Moreover, it seems to be very
likely that the same compounds contributed to the
observed thickening of the fibers due to the
agglomeration of bioactive molecules, as seen in
figure 4 (a) and (c).
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Figure 4. Selected SEM images of fibers: Eudragit at a concentration of 15% with 1% (a) and 3% pulp (b)

electrospun at 15 kV voltage and Eudragit at a concentration of 15% with 1% (c) and 3% pulp (d) electrospun at
20 kV voltage. The magnification used was 10000X.
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Figure 5. Diameters of the fibers: Eudragit at a concentration of 15% with 1% (a) and 3% pulp (b) electrospun at
15 kV voltage and Eudragit at a concentration of 15% with 1% (c) and 3% pulp (d) electrospun at 20 kV voltage.
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CONCLUSION

The current study demonstrated that cherry and
Surinam cherry are sources of bioactive compounds,
such as vitamin C, carotenoids and phenolics, and
that electrospinning technology is a potential new
plataform to encapsulate food with antioxidant
properties in fibers of Eudragit. Morphological
studies confirmed that the best conditions to attain
uniform and homogenous fibers included Eudragit®
L100 prepared at a concentration of 15% with the
addition of 3% pulp while applying voltages of
either 15 or 20 kV. Electrospinning is therefore
reported here as a technology that is able to produce
value-added polymer microfibers that have good
potential for use in food and nutraceutical formulations
and coatings, bioactive food packaging and the food
processing industry.
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