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Nano�ber mats of polyvinyl(pyrrolidone) (PVP) with Garcinia mangostana extract (GME) as the encapsulated drug have been
developed using electrospinning. SEM images of all electrospun PVP/GME composite nano�bermats showed that they had similar
and smooth morphology, no beads, and spindle shape. Its average diameter decreased and its surface area therefore increased with
the decrease of its PVP concentration. �e bene�t of high surface area is obvious in drug delivery systems for poorly water-soluble
drugs.�eir FTIR spectra indicated that PVP andGME interacted intermolecularly via hydrogen bonds in the composite nano�ber
mats. A conformational change in the C-H chain of PVP occurred in the composite nano�ber mats due to the intermolecular
interactions. �eir XRD patterns con�rmed that they were amorphous because of amorphization during electrospinning. �e
XRD analyses also strengthened the FTIR studies; namely, GME and PVP formed intermolecular interactions in the electrospun
composite nano�ber mats. As a result, GME as the encapsulated drug was molecularly dispersed in the electrospun PVP nano�ber
matrix that functioned as a drug delivery system. From the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, the composite nano�ber
mats exhibited very high antioxidant activities despite having been exposed to high voltage during electrospinning.�erefore, they
are potential antioxidant products for food and pharmaceutics.

1. Introduction

Mangosteen (Garcinia mangostana L.) is widely cultivated
across Indonesia. �e color of mangosteen is dark purple or
reddish with white, so	, and juicy edible pulp. It has slightly
sour but sweet 
avor as well as pleasant aroma. �e fruit
has been used as traditional medicine to treat abdominal
pain, diarrhea, dysentery, infected wound, suppuration, and
chronic ulcer. �e major active substances in mangosteen
pericarp are xanthones and their derivatives such as �-, �-, �-
mangostin, garcinone, mangostanol, and gartinin, in which
�-mangostin is the major xanthone [1]. �ey are classi�ed

into polyphenolic compounds andhave been reported to have
high antioxidant activities [2–4]. Some delivery methods
to improve the bioavailability of �-mangostin have recently
been studied, including microgel [5], solid dispersion [6],
microsphere [7], and nano�ber mat [8].

Electrospinning is a method to produce nano�ber mats
with a very large surface area to volume ratio fromaprecursor
polymer solution. An electrostatic �eld is applied to the
precursor polymer solution to induce positive charges on the
surface of the polymer solution so that when it is subjected
to a very high potential di�erence, the positively charged
polymer solution will be attracted towards the grounded
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collector to form nanometer-size �bers [9, 10]. By adjusting
properties of the polymer solution and electrostatic �eld
during the electrospinning process, the morphology and
size of the resulting �bers can be controlled. Recently, it
has been reported that highly uniform polymer nano�bers
could be obtained by maintaining a constant current [11].
Although the simple and straightforward electrospinning
processes have developed very quickly to prepare a wide
variety of complicated nanostructures such as core-sheath,
Janus, and tri-layer [12–14], the mainstream is still the
monolithic nanocomposites resulted from the single-
uid
electrospinning processes, in which an active ingredient is
homogeneously distributed within the polymeric matrix to
take advantages of the nano�bers huge surface area.

Polyvinylpyrrolidone (PVP) along with polyvinyl alcohol
(PVA) and polyethylene glycol (PEG) are vinyl polymers
that are widely used to develop products of drug delivery
media [15]. Moreover, PVP is a widely used hydrophilic
polymer because it is nontoxic, electrospinnable, and soluble
in water, and it also has good biocompatibility [16–19]. It
has also been reported that electrospun PVP nano�bers had
an e�ective release control and it was able to increase the
solubility of curcumin [20]. Although many studies have
been done to load GME into polymer nano�bers, the use of
PVP nano�bers, however, is rarely explored. Very recently,
a short description of electrospun PVP/GME composite
nano�ber mats along with the release of GME from the
nano�bers has been given [18]. In this paper, we will report
their antioxidant activities investigated by using the 1.1-
diphenyl-2-picrylhydrazyl (DPPH) assay. �eir structures
were also analyzed by employing a scanning electron micro-
scope (SEM), an X-ray di�ractometer (XRD), and a Fourier
transforms infrared (FTIR) spectrometer. �e relationship
between their structures and antioxidant activities will be
thoroughly discussed.

2. Materials and Methods

2.1.Materials. Polyvinylpyrrolidone (PVP) (MW1,300kg⋅mol−1)
and 2,2-diphenyl-1-picrylhydrazyl (DPPH) and �-mangostin
standard were purchased from Sigma-Aldrich, Indonesia.
Mangosteen pericarps were obtained from a local market
in Bandung, Indonesia. Technical grade ethanol 96% for
maceration was acquired from Bratachem, Indonesia, while
analytical grade methanol used for antioxidant tests was
purchased fromMerck, Indonesia.

2.2. �-Mangostin Content Assay. GME paste was obtained
from mangosteen pericarp extraction using the maceration
method. �e �-mangostin content in the GME paste and
nano�ber mats was analyzed using High Performance Liquid
Chromatography (HPLC). �e sample was injected into a
C-18 column (Phenomenex, 250mm × 4,6mm, particle size
5 �m) using a HPLC system with a UV spectrophotometer
detector (Shimadzu, SPD-20A/LC-20AD). �e mobile phase
was water-methanol (95 : 5) with 
ow rate of 1mL/min. �e
GME was detected at wavelength of 320 nm.

Table 1: Precursor mixture solution for electrospinning process.

Precursor mixture solution PVP (wt.%) GME (gram)

PM5 5 0.3

PM7 7 0.3

PM10 10 0.3

2.3. Preparation of Polymer Mixture. PVP was dissolved in
ethanol to obtain PVP solutions with the concentrations of
5, 7, and 10% (wt.%) with the total mass of each solution
being 20 grams. Each solution was mixed using a magnetic
stirrer for about one hour at 40∘C, followed by the addition
of GME paste as much as 0.3 gram into the solution. Each
mixture was mixed further using a magnetic stirrer for about
2 hours at 40∘C to make a precursor mixture solution. A
mixture of the PVP solution and the GME paste was stirred at
room temperature for 30 min until a clear and homogeneous
solution was once again achieved. �e precursor mixture
solution is given in Table 1.

2.4. Electrospinning Process. �e electrospinning apparatus
(Nachriebe 600) schematically described in Figure 1 was
employed to produce nano�ber mats. Ten mL of the pre-
cursor solution was inserted into a syringe with the needle
diameter of 0.45mm, then electrospun, and collected at
a grounded drum collector that was placed at a distance
of 10 cm from the tip of the needle. �e solution 
ow
rate, the applied voltage, the humidity, and the time for
electrospinning were 0.5mL/h, 15 kV, 40–50%, and about
10 h., respectively. �e PVP/GME composite nano�ber mats
that were obtained from the PM5, PM7, and PM10 precursors
were called the PM5, PM7, and PM10 composite nano�ber
mats, respectively.

2.5. Scanning ElectronMicroscopy. Morphologies of the PM5,
PM7, and PM10 composite nano�ber mats were analyzed by
a scanning electron microscope (SEM) (JEOL, JSM-6510).
Samples were coated with electric conductive carbon. �e
SEM images were observed with 10 kV-voltage and 10,000-
time optical magni�cation. �e �bers size distribution was
analyzed using the Origin ver. 8 so	ware.

2.6. Fourier-Transform Infrared Spectroscopy. Molecular
interactions between PVP and GME in the PM5, PM7,
and PM10 composite nano�ber mats were evaluated
using a Fourier-transform infrared (FTIR) spectrometer
(Bruker, Alpha). �e FTIR spectra were recorded with the
wavenumber in the range of 500 to 4000 cm−1.

2.7. X-Ray Di
raction Pattern. X-ray di�raction patterns
of GME, PVP, and the PM5, PM7, and PM10 composite
nano�ber mats were recorded using an X-ray di�ractometer
(XRD) (Rigaku, SmartLab) under the following conditions:
a Cu target tube as a source of radiation, K� and K� lines,
applied voltage of 40 kV, and current of 35mA. A sample was
placed on a sample holder and irradiated with an X-ray beam.
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Figure 1: �e schematic diagram of electrospinning apparatus used in the experiments.

�edi�raction patterns were recordedwith the 2� position in
the range of 5 to 70∘.

2.8. Antioxidant Activity. In vitro test of antioxidant activity
was performed to study whether the electrospinning process
with its high voltage a�ected the biological activity of GME.
�e antioxidant activity was tested on the GME, PM5, PM7,
and PM10 composite nano�ber mats using the DPPH assay.
Each sample was made by dissolving the mat in analytical
methanol at di�erent concentrations. One mL of the sample
solution was then mixed with 1mL of 50 �g/mL DPPH (thus,
at a volume ratio of 1 : 1) and allowed to stand for 30min.�e
change of absorbance of DPPHwasmeasured using a UV-Vis
spectrophotometer (Beckman, DU 7500i) at the wavelength
of 515 nm. Methanol was used as the blank solution, a 50-
�g/mLDPPH solution as the control, and ascorbic acid as the
equivalent standard or the positive control of the antioxidant
test. �e antioxidant activity (AA) is expressed as [21]

%AA =
(	control − 	 sample)
	control

× 100, (1)

where 	control is the absorbance of the DPPH solution and
	 sample is the absorbance of the sample (a nano�ber mat).
Further, a curve that represents the relationship between
the concentration of �-mangostin and % AA is plotted with
the concentration of �-mangostin as the �-axis and % AA
as the �-axis. A regression line is then �tted to obtain an
equation (� = �+�).�e �-mangostin concentration that is
expected to exhibit 50% inhibition (IC50 value) is determined
by �nding the �-value resulting in the �-value of 50%. �e

amount of�-mangostin inGMEandnano�bers of PM5, PM7,
and PM10 have to be the same. �e amount of �-mangostin
was determined by HPLC (Agilent Technology, USA).

3. Results and Discussion

3.1. �-Mangostin Content Assay in the GME and Nano�bers
Mat. �e group of compounds in GME which plays a
role in a wide range of bioactivity is �-mangostin [5]. To
measure the level of �-mangostin in GME and nano�ber
mats, a quantitative analysis had been conducted using
HPLC (Agilent Technology, USA). �e standard curve of �-
mangostin (mg/mL) is shown in Figure 2. �e result showed
that the amount of �-mangostin in the GMEwas 13% and the
nano�ber mats of PM5, PM7, and PM10 were 9.8%, 8.1%, and
6.5%, respectively.

3.2. SEM Images. Figures 3(a)–3(c) show the morphology
of PVP nano�ber mats without GME (5, 7, and 10wt.%)
obtained using SEM with a magni�cation of 10,000 times.
�e SEM images showed that the PVP (5wt.%) produced
�bers with beads. Along with the increasing concentration
of polymer PVP to be 7wt.% and 10wt.%, beaded-free �bers
were obtained. �ese �ndings are closely correlated to the
viscoelastic jet break-up theory. It has been established that
the formation of beads is associated with viscoelasticity of
the solution [22]. In electrospinning process, viscoelastic
force allows continuous and smooth elongation of the jet
into �bers [23]. �e elongation involves �ber thinning as it
travels to the collector. In a low viscosity solution, polymer
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Figure 3: SEM images (10,000x) of PVP nano�ber mats (without GME) with concentrations (a) 5 (wt.%), (b) 7 (wt.%), (c) 10 (wt.%) and (d)
PM5, (e) PM7, (f) PM10 composite nano�ber mats.

chain entanglement is limited and the �ber thinning process
eventually results in �bers break-up and formation of beads
[9]. At this point, the polymer chains have fully been extended
and the inertial force of beaded form is more dominant than
the viscous force, which causes resistance to form �ber [24].
A	er relaxation time of the polymer is achieved, the beads
might stretch out into �ber again and these events lead to
a microscopic characteristic known as beads-on-string [22].
A high viscoelastic characteristic can be achieved by putting
more highly extensible compounds (polymers) into the pre-
cursor solution [22]. Consequently, as the concentration of

PVP in the solution increased, �bers without beads were
successfully achieved.

�e addition of GME into the solution of PVP (5, 7,
and 10wt.%) increased the viscosity and lowered the surface
tension in which both of these factors can a�ect morphol-
ogy and the diameter of the nano�ber mats [9]. Table 2
illustrates the viscosity and surface tension of the solution
PVP/GME. Overall, the viscosity of precursor solution of the
PVP/GME composite nano�ber mats was higher than the
precursor solution of PVP nano�ber mats (without GME).
It was also found that a signi�cant increase of viscosity
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Table 2: �e viscosity and surface tension of precursor solution of
PVP/GME.

Composition of precursor
solution Viscosity (cP)

Surface tension
(dyne/cm)

PVP (wt.%) GME (gram)

5 — 12.23 34.26

7 — 25.42 33.03

10 — 70.1 32.25

5 0.3 27.48 32.76

7 0.3 60.32 31.50

10 0.3 98.88 30.84

and slight decreases of surface tension resulted as GME
content increased. As GME was added to the PVP solution,
the viscosity of the solution increased because there were
more solutes in the PVP solution and GME might promote
the entanglements of PVP molecules. �erefore, from the
experimental result, it can be concluded that the viscosity
appears to a�ect the morphology of composite �ber mats
more signi�cantly.

Figures 3(c)-3(d) show the SEM images of PM5, PM7, and
PM10 composite nano�ber mats. �ey showed similar and
smooth morphology but di�erent size and all of them had
diameters in nanometer size and were perfectly beaded-free
with cylindrical shape. On the other hand, at themacroscopic
level, it can be clearly seen that the colors of the composite
�ber mats were yellow. �ese microscopic �ndings indicated
that the GME had evenly been mixed into the PVP polymer
matrix.

�e nano�ber size distributions of the obtained compos-
ite nano�bermats are shown in Figures 4(a)–4(c) for the PVP
nano�ber mats (without GME) and the composite nano�ber
mats. For the PVP nano�ber (5 wt.%), the diameter was dis-
tributed from 50 to 300 nm with the average diameter (�ave)
of 143 nm and the standard deviation (SD) of 38 nm. �e
range, �ave, and SD of the PVP nano�ber (7 wt.%) were 50
to 450 nm, 248 nm, and 65 nm, respectively. �e range, �ave,
and SD of the PVP nano�ber (10 wt.%) were 50 to 650 nm,
322 nm, and 92 nm, respectively. In Figures 4(d)–4(f), for the
PM5 composite nano�ber mat, the diameter was distributed
in the range of 50 to 450 nmwith the average diameter (�ave)
of 217 nm and the standard deviation (SD) of 82 nm. �e
range, Dave, and SD of the PM7 composite nano�ber mat
were 75 to 650 nm, 323 nm, and 128 nm, respectively. �e
range, �ave, and SD of the PM10 composite nano�ber mat
were 125 to 1200 nm, 421 nm, and 174 nm, respectively. Gen-
erally, the diameter of PVP/GME composite nano�ber mats
was greater than the PVP nano�ber mats (without GME). It
is clearly seen that the average diameter of nano�bers became
larger with the increasing concentration of PVP and also
as the GME was added to the PVP solution. �is result is
due to the fact that the increase in polymer concentration
enhances the entanglement of polymer chains in the solution
[25]. In addition, by increasing the concentration of polymer
dan GME, the solvent will dry up faster so there will be less
available time for the electrostatic coulombic force to stretch

the �ber that will ultimately result in the larger diameter of
�bers on the drum collector. �is �nding is similar to that
which has very recently been reported for curcumin in PVP
�bers [20].

Noting that a distribution is homogeneous when it has a
ratio of the standard deviation to the average �ber diameter,
which is called a coe�cient of variance (CV), less than
0.3 [26], the PM5, PM7, and PM10 composite nano�ber
mats with the CVs of 0.38, 0.39, and 0.41, respectively, were
less homogeneously distributed. �e lower homogeneity of
�bers might be caused by the 
uctuation of current during
the electrospinning process [11] as the PID control action
to keep a constant current was not applied to the present
electrospinning system. Another factor that might contribute
to the lower homogeneity was the use of high voltage of 15 kV.
�e high voltage can cause imbalance between precursor
loading and charge-induced spinning. Consequently, one
or more side jet(s) were formed to produce �bers with
inconsistent sizes [9, 20].

3.3. FTIR Characteristics. FTIR analysis was performed to
identify functional groups as a part of characterization
of GME, PVP nano�ber mats, and PVP/GME composite
nano�ber mats and their peaks are shown in Figure 5. One
of the FTIR characteristic peaks of the GME was observed
at 3273 cm−1, which was assigned for O-H stretching [5].
�is indicated the presence of polyphenol in GME. �e

other peaks appearing at 1638, 1440, 1279, and 1077 cm−1

representedC=O stretching of carbonyl group, aromatic C=C
stretching, C-O-C stretching of methoxy group, and C-O-C
stretching, respectively [27, 28]. C-H stretching from methyl

groups was indicated by two peaks at 2853 and 2923 cm−1

[5].�eGMEwas therefore rich in hydroxyl (O-H), carbonyl
(C=O), and methoxy (C-O-C) groups as previously found
[28]. Similarly, the FTIR spectrum of the PVP nano�ber

showed O-H stretching at 3420 cm−1 because PVP exhibits
mesomeric structures that make it possible to form hydrogen
bonds between C=O groups of pyrrolidone rings in the
presence of moisture [16, 29]. �e characteristic peaks of
PVP appeared at 1649 cm−1, which belongs to C=O stretching

of pyrrolidone rings, along with 1288 and 577 cm−1, which
represent their C-N stretching and in-planeN-C=O bending,
respectively [20, 30]. Asymmetric stretching of CH2 and C-
H deformations was indicated by the peaks at 2953 and

1423 cm−1, respectively [20, 31].
�e PM10, PM7, and PM5 composite nano�ber mats

had the O-H stretching peaks at 3393, 3391, and 3377 cm−1,
respectively, which are higher than that of the GME at

3273 cm−1. It implied that the O-H stretching peak of the
PVP/GME composite nano�ber mat shi	ed to a higher
wavenumber with increasing its PVP concentration. �ere-
fore, these shi	s indicated that the PM5, PM7, and PM10
composite nano�ber mats had intermolecular interactions
between GME and PVP via hydrogen bonds formed between
OH groups of GME and carbonyl groups of PVP [20, 32].
Moreover, it was also clearly seen that the shi	 with the
highest intensity occurred for the PM5 composite nano�ber
mat (see the insert in Figure 4), which had the smallest
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Figure 4:�e diameter distributions of PVP nano�ber mats (without GME) with concentrations (a) 5 (wt.%), (b) 7 (wt.%), (c) 10 (wt.%) and
(d) PM5, (e) PM7, (f) PM10 composite nano�ber mats.

average �ber diameter. �is was then thought as a result of
the highest number of hydrogen bonds in the PM5 composite
nano�ber mat that had the highest concentration of GME in
the PVP nano�ber mat.�e formation of hydrogen bond was
also indicated by XRD analysis, which will be described in
detail later.�is result agrees well with our �ndings onHPLC
study which stated that the content of �-mangostin of GME
in the PM5 composite nano�ber mat was higher than those
of the PM7 and PM10 composite nano�ber mats.

�e peaks at 2948 cm−1, 2921 cm−1, and 2921 cm−1 were
associated with the CH2 asymmetric stretching of the PM10,
PM7, and PM5 composite nano�bermats, respectively, which

are lower than that of PVP powder at 2952 cm−1. It sug-
gested that the peak of the CH2 asymmetric stretching of
the PVP/GME composite nano�ber mat shi	ed to a lower
wavenumber with increasing its GME concentration. We
presumed that there was a higher conformational change
in the C-H chain with increasing the GME concentration
in the PVP/GME composite nano�ber mat. However, such
transition was small (the shi	 of 2952 cm−1 to 2948 cm−1)
in the PM10 composite nano�ber mat, indicating that the
conformational change of C-H chain in the PM10 compos-
ite nano�ber mat that had the lowest GME concentration
was insigni�cant. Moreover, the presence of GME in PVP
nano�bers caused the peak of C-H deformation of PVP at
1421 cm−1 to shi	 to 1439 cm−1 for the PM5, PM7, and PM10
composite nano�ber mats. �ese shi	s might be a�ected by

the intermolecular interaction in the PM5, PM7, and PM10
composite nano�ber mats.

3.4. XRD Patterns. Di�raction patterns of the GME, PVP
nano�ber mat, and the PM5, PM7, and PM10 composite
nano�ber mats are displayed in Figure 6. Crystalline state of
the GME was indicated by sharp peaks at the 2� position of
6.12, 12.12, and 13.54∘.�is di�raction pattern is similar to that
of crystalline �-mangostin, which is the major compound of
GME [33]. Meanwhile, sharp peaks with high intensity were
absent in the PVP nano�ber di�raction pattern. Instead, two
broad haloes appeared within the 2� positions of 5 and 30∘,
in which the later had lower intensity and a shoulder. �is
di�raction pattern strongly indicated the amorphous state of
PVP as formerly reported [17].

�e change in crystallinity of GME in nano�bers form
was found in the presence of PVP. �e characteristic peaks
of GME at the 2� position of 6.12, 12.12, and 13.54∘ were
not found in the PM5, PM7, and PM10 composite nano�ber
mats. �is indicated the conversion of crystalline state of
GME into its amorphous state. �e major reason for this
�nding was the amorphization during the electrospinning
process. When the precursor solution was ejected from the
needle under an applied voltage, the accelerated positive
ion movement caused the solution to undergo elongation,
solvent evaporation, and liquid-to-solid transition at once
[20]. As a result, PVP and GME were unable to do molecular
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Figure 6: XRD patterns of the GME, PVP nano�ber mat, and the
PM5, PM7, and PM10 composite nano�ber mats.

reorientation and thus the molecules were in a lower order.
Such transition has also been obtained from the XRD studies
of electrospun emodine/PVP nano�bers [34].

�e presence of GME was found to alter the di�rac-
tion pattern of PVP. All PVP/GME composite nano�ber
mats exhibited a single broad halo that resembled di�usion
between the second halo and its shoulder over the 2� position
of 15–35∘. �is broad halo peaked at the 2� positions of
27.52∘ (the PM5 composite nano�ber mat), 26.98∘ (the PM7
mat), and 25.31∘ (the PM10 mat). Meanwhile, the �rst halo of
PVP nano�ber at the 2� position of 10.18∘ disappeared. �is
�nding strengthened our presumption that GME and PVP
formed intermolecular interaction, particularly as hydrogen
bonds, as explained in the FTIR studies. �e hydroxyl
groups in GME are strong hydrogen bond donors and the
carbonyl groups in PVP are strong hydrogen bond acceptors.
�erefore, a high number of hydrogen bonds can be formed
between GME and PVP in the PM5, PM7, and PM10 com-
posite nano�ber mats. Under this condition, GME can be
dispersed in the PVP polymer matrix in molecular levels, not
as dimers in crystal lattice. �is is an advantageous feature
of the electrospun PVP nano�bers as a drug delivery system,
which can improve the stability of dispersed drug [34].

Table 3: Antioxidant activities of PVP/GME composite nano�ber
mats and GME.

Sample Average �ber diameter (nm) IC50 (�g/mL)

PM5 nano�ber mat 217 ± 82 45.94 ± 0.32
PM7 nano�ber mat 323 ± 128 47.93 ± 0.22
PM10 nano�ber mat 421 ± 174 48.41 ± 0.24
GME — 50.94 ± 0.71

3.5. Antioxidant Activities. A high number of studies has
reported the abundant amount of xanthones in Garcinia
mangostana L. extract [35]. Xanthones have demonstrated
antioxidant activity owing to excellent hydrogen- and
electron-donor ability. In our study, DPPH acted as free
radical, which is capable of accepting an electron donor
from an antioxidant compound to revert eventually to a
stable/nonradical molecule. �e product of this reduction
was indicated by the change in color fromviolet to pale yellow
[1]. Antioxidant activity in this studywas described by an IC50
value, in which a stronger antioxidant activity is indicated by
a lower IC50 value [36, 37]. A compound is stated to be “very
high” if the IC50 value is within the range of 1 to 50 �g/mL,
“high” if the value is within 50 to 100 �g/mL, “moderate” if
the value is within 101 to 150 �g/mL, and “weak” if the value
is larger than 150 �g/mL [38].

Table 3 compares the antioxidant activity of the GME
and the PVP/GME composite nano�ber mats. It was found
that the PM5, PM7, and PM10 composite nano�ber mats
exhibited very high antioxidant activity larger than that of
GME. �ese �ndings showed that the antioxidant activity
of PM5, PM7, and PM10 composite nano�bers was higher
than the GME although it had been exposed to high voltages
during the electrospinning process. �is result corroborated
that the previous study that the antioxidant activity of GME
was not a�ected by the electrospinning process [39].

As previously mentioned, nano�bers with the smallest
diameter exhibited the strongest antioxidant activity. It was
then suggested that the antioxidant activity of GME was
enhanced due to nanostructure o�ered by the nano�bermats.
Small-diameter �bers possess higher surface area [40] which,
in turn,means thatmore�-mangostinmolecules are available
on the surface of the �ber. As a result, �-mangostin can
demonstrate antioxidant activity more readily [21]. Previous
study has reported similar �nding where antioxidant activity
of polyaniline (PANI) increased a	er being electrospun into
nano�ber form [41]. �is study also showed that antioxidant
activity of PANI was enhanced by decreasing �ber diameter.
�erefore, the PVP/GME composite nano�bers are potential
as antioxidant products to be applied in food and pharmaceu-
tical industries.

4. Conclusion

We have successfully prepared PVP/GME composite
nano�ber mats using electrospinning method. �e smooth
morphology and nanosized diameter of the composite �bers
as given by their SEM images indicated su�cient polymer
concentration, good spinnability, and high surface area. �e
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latter is advantageous in drug delivery systems for poorly
water-soluble drugs. A high number of hydrogen bonds
and a single broad halo of the composite nano�ber mats
as con�rmed by their FTIR spectra and XRD patterns,
respectively, suggested molecularly dispersed GME in the
electrospun PVP polymer nano�bers. �is is a bene�cial
feature of the electrospun PVP nano�bers as a drug delivery
system for improving the stability of dispersed drug such as
GME. Moreover, the composite nano�ber mats showed very
strong antioxidant activities, indicating that high voltage
exposure during the electrospinning process did not a�ect
the antioxidant activities. �ese �ndings suggested that the
composite nano�ber mat could �nd application in food and
pharmaceutical industries as a potential antioxidant product.
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