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Abstract
In this study, bioactive fibres were produced using polyvinyl alcohol (PVA), gelatin, polyvinyl
pyrrolidone (PVP) as a polymer matrix, and different amounts of folic acid (FA) as a vitamin
using the electrospinning technique. Loading of the folic acid in the polymers was determined
by Attenuated Total Reflectance-Fourier Transform Infrared Spectroscopy (ATR-FTIR); morphologies and average diameters were analysed by Scanning Electron Microscopy (SEM),
and Thermal Gravimetric Analysis (TGA) was applied to determine thermal behaviours.
The FTIR spectra and TGA thermograms showed the successful incorporation of folic acid
into the fibres. SEM images showed that various smooth and heterogenous electrospun fibres
were produced with average diameters ranging from 125 to 980 nm. An in-vitro study was
carried out using dissolved FA in an artificial sweat solution (acidic media, pH 5.44), and
UV-Vis analysis of electrospun fibres was made. The in vitro release study showed that the
FA loaded nanofibres had initial vitamin burst release behaviour. The maximum vitamin
release percentage of the PVA/FA, gelatin/FA, and PVP/FA fibres was obtained as 86.88%,
80.2%, and 76.66%, respectively. From these results, we can state that FA-loaded fibres can
be potential candidates for transdermal patches and topical applications.
Key words: vitamin release, folic acid, nanofibre, in-vitro study, electrospinning.

herbal extracts, and DNA) in electrospun
fibres for skin tissue scaffolds [15-17],
wound dressings [18, 19], dermal patches [20-22], and especially cosmeceutical
products [23, 24].

Introduction
Nanofibres are an exciting new class of
material which have a < 1 μm diameter
and exhibit superior properties, such as
a high surface area/volume ratio, low
density, highly porous structure, and
small pore size compared to conventional fibres [1-3]. Although there are various
nanofibre fabrication techniques, such as
melt blowing [4], melt electrospinning
[5, 6], an island in the sea [7], phase separation [8], self-assembly [9, 10], and interface polymerisation [11], electrospinning is a cutting-edge technology which
is preferred as a more promising approach for the fabrication of nanofibres.
This technique has been used for almost
80 years due to its simplicity, versatility,
cost-effectiveness, and ability to scale up.
A wide range of syntheti, and natural polymers with nanoscale diameters were obtained [12-14]. These advantages of the
technique enable large scale production
for tissue engineering, biomedical, personal care (cosmetic), and drug delivery
applications. In recent years, many studies have been conducted on the encapsulation of active agents (drug, vitamin,

Transdermal drug delivery systems
(TDDS) refer to the administration of
a therapeutic agent on the skin that is
transported into the systemic circulation
at a predetermined and precisely controlled rate to secure the patient [25, 26].
In this context, electrospun fibres can
also be used as transdermal patches, and
also they offer some advantages, such
as site-specific drug delivery, enhanced
therapeutic efficacy, and relatively low
toxicity in comparison with oral delivery
systems [27]. Besides this, encapsulating
a drug in the fibre may protect the drug
from external factors.
Vitamins are bioactive compounds that
form a mixed chemical group. They assist the human immune system, promote
skin health, and help cell growth. Unfortunately, vitamins are composed of molecules sensitive to light, heat, humidity,
and pH conditions [28, 29]. If they are
exposed to the above-mentioned conditions, they can be easily affected. Therefore, vitamins must be encapsulated for
long-term uses.
Vitamin B9 is an important member of
the B-complex group and is also known
as folic acid [30, 31]. Vitamin B9 plays
an essential role as a coenzyme for the
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maintenance of many metabolic functional processes in the body, such as cell
growth and development, nucleic acid
synthesis, and the metabolism of many
amino acids [31, 32]. However, it is less
stable than retinol, thiamine, riboflavin,
and niacin, and it is more susceptible to
both light and pH conditions as well [28].
Consequently, folic acid is applied in encapsulated forms for biological, nutriceutical, and pharmaceutical purposes.
During recent years, more attention has
been paid and many attempts made to
fabricate vitamin-loaded nanofibres in
transdermal applications-drug delivery
strategies. Azarbayjani et al. produced
an anti-wrinkle nanofibre mask consisting of retinoic acid, ascorbic acid, gold
nanoparticles, and collagen [23]. It was
found that fibre mats can be an alternative to commercially available cotton
face masks. Sheng et al. observed silk
fibroin mats loaded with vitamin E as
a potential candidate for skin renewal
and care, as well as for tissue engineering applications [24]. In another study,
Taepaiboon et al. compared the release
amounts of cellulose acetate (CA) nanofibre mats and CA cast films containing
vitamin A and E [33]. Besides this, the
dermal therapeutic effects of the nanofibre were examined. Vitamin B12 is
the most chemically complex molecule
among of B group vitamins. It cooperates
with vitamin B9 in the formation of red
blood cells. Therefore, PCL nanofibre
loaded with vitamin B12 was produced
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spun CMCS/PEO nanofibres containing
PHT-Na, and vitamin C were proved to
be superior [37].

Figure 1. Schematic illustration of electrospinning process.
Table 1. Materials used in the nanofibre fabrication.
Property/codes

Manufacturer

PVA

Density 0.4-0.6 g/cm3, purity 87.8%

ZAG Industrial Chemicals
(Istanbul, Turkey)

PVP

K-30 (PVP, K-30)

Veskim Chemical Materials
Co., Ltd. (Istanbul, Turkey)

Gelatin

Bovine skin (225 Bloom, type B)

Sigma Aldrich Chemical
Company (USA)

Sodium bicarbonate
(NaHCO3)

99.7% purity

Sigma Aldrich Chemical
Company (USA)

Acetic acid
(CH3COOH)

80% purity

Acros Organics Chemical
Company (Belgium)

Ethanol

99.9% purity

Tekkim Chemical Company
(Turkey)

Folic acid
(C19H19N7O6)

98-102% purity, Biochemistry

ChemSolute Company
(Germany)

Artificial sweat
solutions
(Figure 2)

L-Histidine monohydrochloride monohydrate
(C6H9O2N3·HCI·H2O) (> 99% purity)
Sodium chloride (> 99.5% purity)
sodium dihydrogen phosphate dihydrate
(NaH2PO4·2H2O)

for use in transdermal patch applications, and vitamin release behaviour was
determined lasting up to 48 hours [34].
In a similar study, Li et al. successfully
incorporated vitamin A and E into gelatin nanofibres for wound dressing application [35]. Moreover, thanks to the
increment of collagen deposition in the
wound repair of these vitamins, it was
found that thr vitamin release behav-

a)

Sigma Aldrich Chemical
Company (USA)

iour of the nanofibres exhibit more than
60 hours of wound healing performance,
which is better than commercial antiseptic products. Cosmetic and drug delivery
are closely related areas. Electrospun nanofibres made of silk fibroin loaded with
vitamin C were also investigated as skin
regeneration applications, such as wound
dressing and anti-ageing materials [36].
The wound healing property of electro-

Experimental
Preparation of polymer solutions for
electrospinning
Gelatin was dissolved in pure water
and acetic acid binary-solvent system
(7:3 w/w) solution and stirred for 2 hours
at ambient conditions to obtain a 20%
(w/w) gelatin solution. PVA powder was
also dissolved in pure water at 90 °C till
a 10% (w/w) homogeneous PVA solution
was obtained. PVP powder was also dissolved in ethanol to obtain a 30% (w/w)
PVP solution. At the same time, folic
acid was dissolved in 1 M 1 ml NaHCO3
solution for each different amount. Subsequently, different concentrations (19,
22, and 25 mg) of folic acid solutions
were added to these polymer solutions
separately and mixed in a sealed bottle
overnight. The polymer-vitamin mixtures
were transferred into a plastic syringe
(10 ml) that was attached to a stainless
steel nozzle. Pure PVA, gelatin and PVP
solutions were also prepared as control
(Figure 1).
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The aim of this study was the investigation of the encapsulation of folic acid
(FA) in a polymer matrix and of its release behaviour in acidic sweat solution.
In the literature, there are more studies on
the encapsulation of the vitamin in polymer. To the best of our knowledge, no
study in the literature evaluates the in vitro release behaviour and encapsulation of
FA in nanofibres for dermal applications.
In the present study, unusual electrospun
fibres were developed for the release of
FA and to overcome the poor release in
oral applications, and also the optimum
amount of FA added to fibres was determined.

Shaking incubator

Wavelength, nm

Figure 2. a) Schematic illustration of release study and b) UV- spectra of FA solution in acidic sweat pH 5.44.
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Figure 3. SEM micrographs and fibre diameter distribution of PVA (a1 & a2), gelatin (b1 & b2) and PVP (c1 & c2) nanofibres.

Fabrication of nanofibres
The electrospinning device (INOVENSO Nanospinner24, Turkey) consists
of an electrical power supply, syringe
pump, plastic syringe, and stainless steel
nozzle (inner diameter 0.5 mm). The collector consisted of a horizontally positioned board covered with aluminum foil.
The PVA/FA, gelatin/FA, and PVP/FA
polymer solutions prepared were dispensed through the syringe which
was vertical to the collecting plate.
The FA-loaded electrospun fibres were
fabricated at high voltage.

Characterization
Scanning Electron Microscopy (SEM)
The morphology of all nanofibres was
observed with a Carl Zeiss/Gemini 300
Scanning Electron Microscope (SEM)
(ZEISS Ltd., Germany). All samples
were coated with gold for 20 minutes
before analysis. The average fibre diameters were measured using Image J, version 1.520 software.
Thermal analysis (TGA)
TA/SDT650 TGA (USA) was used for
thermal analysis. TGA analyses were
performed under a nitrogen atmosphere at a 20 °C min-1 heating rate, in
a 30-600 °C temperature range, and oxygen atmosphere was applied at heating
rate of 20 °Cmin-1 and temperature of
600-900 °C.
FIBRES & TEXTILES in Eastern Europe 2021, Vol. 29, 1(145)

Attenuated Total Reflectance Infrared
Spectroscopy (ATR-FTIR)

intervals, and the corresponding absorbance value was determined on a UV-Vis
spectrophotometer
(Scinco/NEOYSY
2000) at λmax = 282 nm, which was the
characteristic peak of folic acid.

FTIR data were obtained using a Thermo
Nicolet iS50 FTIR (USA) spectrometer
with an Attenuated Total Reflectance
adapter (ATR) (Pike, USA) in the range
of 4000-400 cm-1, recorded with 16 scans
at 4 cm-1 resolution.

Regression analysis was carried out to
establish an equation for calculation of
the concentration from UV-Vis absorbance values. Reference solutions were
prepared from folic acid in the laboratory. Firstly, 10 mg of folic acid was
dissolved in 200 ml of stock sweat solution. Afterward, this solution was diluted
100 times to prepare five different reference solutions. The absorption value
of the reference solutions prepared was
measured at 282 nm, and the equation
was calculated by analysing the regression relationship (R2) between absorbance and concentration. A higher R2 of

In-vitro release study
The pH of the human skin is acidic between 4.2 and 5.6 [38]. Therefore, artificial sweat solutions were prepared using
the ISO 105-E04 method. The vitamin
release behaviour of 19,22 and 25 mg of
FA loaded with PVA, gelatin and PVP
nanofibers was studied in the artificial
sweat solutions at pH 5.44 by the total
immersion method [34, 39]. 3 ml of the
solution was taken out at specific time

Table 2. Nanofibre samples and their process conditions.
Fibre type

Voltage, kV

Distance, mm

Flow rate, ml/h

Humidity, %

PVA

27

98

5

<60

PVA19

27

98

5

<60

PVA22

27

98

5

<60

PVA25

27

98

5

<60

Gelatin

25

80

3

<60

Gel19

25

80

3

<60

Gel22

25

80

3

<60

Gel25

25

80

3

<60

PVP

25

88

1

<60

PVP19

25

88

1

<60

PVP22

25

88

1

<60

PVP25

25

88

1

<60
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Figure 4. SEM micrographs and fibre diameter distribution of fibre (a1 & a2) PVA19, (b1 & b2) PVA22, (c1 & c2) and PVA25 electrospun
nanofibres.
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Figure 5. SEM micrographs and fibre diameter distribution of fibre (a1 & a2) Gel19, (b1 & b2) Gel22, (c1 & c2) and Gel25 gelatin
electrospun nanofibres.

the equation shows the reliability and
precision of the method.
The equation was calculated from the
following:
Y = 0,0486X + (-0,0402) (R2 = 0,99992)
(1)
where, X is the concentration of FA
(mg/l) and Y the solution absorbance at
282 nm (linear range of 0.5-25 mg/l).

20

Results and discussion
Morphology of electrospun nanofibres
The morphological structure and average fibre diameters of PVA, gelatin and
PVP nanofibres are presented in Figure 3, respectively. It was easy to find
that the PVA nanofibres had a bead-like
structure, the cause of which was the low
concentration of PVA solution [40, 41]
Unfortunately, in the pretesting of PVA

concentration, PVA nanofibres with an
increment in PVA viscosity were not obtained. Therefore, the formation of nanobeads on the string structure was inevitable. In addition to this, it was reported
that fibre-bead formation occurred with
increasing high voltage [42, 43].
The pure PVA nanofibres, which had an
unwanted bead-like structure, showed an
average fibre diameter of 634 nm, while
FIBRES & TEXTILES in Eastern Europe 2021, Vol. 29, 1(145)
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Figure 6. SEM micrographs and fibre diameter distribution of fibre (a1 & a2) PVP19, (b1 & b2) PVP22, (c1 & c2) and PVP25 electrospun
nanofibres.

the pure gelatin and PVP samples exhibited an average diameter of 650 and
495 nm, respectively (Figure 3.b2 &
3.c2).

When the FA concentration increased from
19 mg to 25 mg, FA-loaded gelatin nanofibres showed a substantially decreased
average diameter fibre compared to the
pure gelatin sample (Figure 5.a2 -5.c2).
19 mg FA-loaded gelatin nanofibres were
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The PVA-FA nanofibres reveal a surface
with the formation of a heterogeneous
web structure. According to Figure 4.a,
the thick fibre formation is similar to the
two-dimensional ribbon structure existing in PVA nanofibres. When 22 mg of
FA was added to PVA solutions, the fibres were transformed into a smoother
3D structure. Micrographs of the 25 mg
FA-loaded PVA nanofibres show a broad
range fibre diameter and that using exces-

sive amounts of FA destroyed the thin fibre structure. The incorporation of FA to
the PVA solutions resulted in a smaller fibre diameter (Figure 4.a2-4.c2). The average fibre diameters gradually decreased
to 980 nm and 680 nm with an increment
in the FA concentration to 19 mg (Figure
4.a1 and 4.a2), and 25 mg (Figure 4.c1
and 4.c2), respectively.
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smoother and had no bead-like structure,
while 22 mg FA-loaded gelatin nanofibres
had a rough structure with some beadlike morphology. However, it is desirable
to have a smaller fibre diameter in order
to increase the vitamin loading capacity in drug delivery systems. Therefore,
22 mg FA-loaded gelatin samples have
the most ideal fibre of the vitamin-loaded fibres. SEM micrographs of the PVP
nanofibres show continuous, long nanofibres with a fibre diameter in the range
of 400-500 nm for all FA-loaded PVP
nanofibres, as shown in Figures 6.a1
& 6.a2, 6.c1 & 6.c2), respectively.
The neat PVP nanofibres have a dense,
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Figure 7. TGA thermogram of folic acid, pure nanofibres and folic acid (22 mg) loaded nanofibres.
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Figure 8. FTIR-ATR spectra a) and region of interest b) obtained for folic acid, PVA, PVA/FA, gelatin, gelatin/FA, PVP and PVP/FA nanofibres.

smooth, homogenous and bead-free morphology. According to the fibre distribution, only FA-loaded PVP with nanofibres displayed an increase in the nanofibre diameter. It was explained that each
nanofibre group (PVA/FA, gelatin/FA,
and PVP/FA) had different process parameters due to the polymer matrix type.
Thermal analysis
Folic acid is a group of heterocyclic
compounds based on the 4-[(pteridine-6-ylmethyl)-amino] benzoic acid
skeleton conjugated with one or more
L-glutamate units [44, 45]. Thermal
degradation behaviour is necessary to
determine the thermal stability of folic
acid. Thermal analysis (TGA) of folic
acid was made under a nitrogen atmosphere and interpreted as follows in Figure 7. Vora et al. carried out a thermal
analysis of folic acid to specify the decomposition temperature [46-49]. It is
observed from the curves that folic acid
has a mainly four-step decomposition
[45]. In the first step in the lower temperature region, between 100-150 °C,
weight-loss was occurred due to water
evaporation [44, 49]. The second step
of weight-loss (170-260 °C) was related to the loss of glutamic acid, then two
overlapping reactions began with the loss
of pterin and then p-aminobenzoic acid
in the remaining two steps [44, 50, 51].
The third weight-loss (240-600 °C) was
related to the pyrolysis of the folic acid
and the last weight-loss of the folic acid
(600-650 °C) to the decomposition of the
pyrolyse unit. At a 600 °C temperature,
the purge gas was changed from nitrogen
to oxygen.
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In this study, pure nanofibres were degraded in three steps. The first weightloss of pure PVA is below 190 °C due
to the presence of moisture. The second
weight-loss (190-400 °C) was associated
with the decomposition of the polymeric
side chains in PVA, and the final degradation was related to the breakdown of
C-C bonding (the polymer backbone of
the main chain of PVA) [52, 53].
For pure gelatin, three thermal degradation steps are observed as reported in the
literature [54]. It can be observed that
solvent and water evaporation occurred
in the range of 25 to 100 °C. Degradation
of the fibre started at 250 °C and rapidly continued until 450 °C. In this step,
gelatin samples underwent endothermic
reactions of hydrolysis and oxidation.
The decomposition was complete between 450 to 650 °C, which corresponds
to the pyrolysis derived from collagen
[55, 56].
The first weight-loss of pure PVP fibres
in the temperature range is related to the
release of solvent (ethanol) and moisture
from fibres. The second weight-loss step
started at nearly 400 °C and completely
finished at about 550 °C. This step is dependent on the decomposition and pyrolyse of the molecular structure. The last
step which barely occurred is related to
the decomposition of the pyrolysis structure.
TGA thermograms of the folic acid loaded nanofibres were the same as those for
pure nanofibres, apart from the residue
part. According to the TGA analysis, fo-

lic acid loaded nanofibres gave out residue, with the amount being higher in
the case of gelatin than for the others.
The residue is related to inorganic sodium bicarbonate. Folic acid dissolved in
sodium bicarbonate (NaHCO3) and an
inorganic sodium element were integrated into the structure of the fibres.
FTIR analysis
The chemical composition of all nanofibres fabricated and folic acid was confirmed by FTIR spectroscopy. Figure 8
shows that the spectrum of folic acid
has many characteristic peaks at 3590,
3496, 3330, 2925, 2840, 1694, 1650,
1605, 1487, and 1405 cm-1. The band
between 3600-3200 cm-1 is related to the
hydroxyl -OH stretching bands of glutamic acid moiety and to the -NH group
of the pterin ring. The band at 1650 cm-1
belongs to the -C=O bond stretching of
-CONH2. The presence of the peak at
the 1605 cm-1 N-H bending vibration is
related the to -CONH group, 1694 cm-1
to the -C=O amide stretching of the
α-carboxyl group, and 1487 cm-1 to the
absorption band of the phenyl ring, respectively [50, 56].
Pure PVA nanofibre shows a characteristic peak at 3302 cm-1 , identified as -OH
stretching, as well as peaks at 2931 cm-1,
2912 cm-1 (-CH2 stretching), 1185 and
1091 cm-1 (C–O stretching), respectively
[53, 57-60].
The characteristic peaks of pure gelatin
nanofibre were interpreted as follows: the
peak around 3283 cm-1 is related to the
stretching vibration of N–H (amide II)
FIBRES & TEXTILES in Eastern Europe 2021, Vol. 29, 1(145)
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Figure 9. Release profiles of FA-loaded nanofibres.

and hydrogen bonding. The broad strong
peak at 1640 cm-1 corresponds to the
stretching vibration of C=O (amide I);
that at 1532 cm-1 is induced by the bending of N–H (amide II) and stretching of
C-N bonds, and the peak at 1245 cm-1 is
attributed to the bending of N–H [61-63].
The FTIR spectrum of PVP nanofibre
has a broad region at 3500-3200 cm-1,
which indicates O-H stretching and -CH2
asymmetric stretching at 2967 cm-1; the
most intense and sharp peak at 1656 cm-1
is due to the C=O stretching. The four
IR multibands around 1450 cm-1 (1445,
1438 and 1422 cm-1) were proved to be
-CH2 group peaks. The peaks at 1288 cm-1,
1047 cm-1, and 571 cm-1 were assigned to
-CN stretching of the amide group, -CH2
rocking and N-C=O bending, respectively [64-70].
Some differences in the FA-loaded NFs.
PVA-FA fibre occurred, with a new peak
at 1571 cm-1 due to the more intense
C=O bond stretching of -CONH2. Also,
FIBRES & TEXTILES in Eastern Europe 2021, Vol. 29, 1(145)

a new peak was formed at 1142 cm-1
due to the C-O-C bond from PVA, and
the peaks at 1212 cm-1 and 1186 cm-1 are
related to the characteristic peaks of folic
acid. As seen in Figure 8, at 2967 cm-1
(-CH2 bending), 2918 cm-1 (C-H stretching), as well as at 1498 and 1375 cm-1,
peak intensities decreased in pure PVP
fibre. The peaks at 1092 and 1042 cm-1
moved away due to -CN stretching of the
amide group and -CH2 rocking, respectively. Moreover, the pyrene ring of PVP
was opened at 882 and 844 cm-1. Gelatin-FA nanofibre has a variance of 16001400 cm-1 .
UV-Vis spectroscopy-release of FA
from FA loaded nanofibres in vitro
An FA release study of all FA-loaded electrospun fibres was carried out
over a period of 8 hours in acidic media at 37.5 °C (Figure 9). This period is
sufficient for the utilisation of vitamin
loaded nanofibres in transdermal applications [23]. Within the first 30 min, 65.7%,

56.68%, and 66.52% for the 19, 22, and
25 mg PVA/FA fibres, respectively, had
been released, and after 8 hours 67.7%
of FA had been released from the 19 mg
PVA/FA fibres, 86.88% from the 22 mg
PVA/FA fibres and also 88.07% from the
25 mg PVA/FA fibres. It is seen from the
release curve (Figure 9.a) that there
was an initial burst release within the fibres, which is often due to the far higher amount of the drug on the fibre surface
and to the non-homogenous distribution
of FA in the fibres. Similarly, hydroquinone-loaded PVA nanofibres showed an
initial burst release from the fibres in the
first 2 hours [71]. Moreover, Thakkar et al.
reported a total drug release from antidiabetic repaglinide/PVA fibres of almost
90% for the first 10 min. [72]. The drug
release behaviour of nanofibres is due to
polymer erosion, diffusion, and a combination of the two [35]. The percentage of
FA release until 90 min was not significantly different among the various FA
loadings. However, PVA19 showed a re-
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duced FA release profile. The smaller
and highly porous structure of nanofibres
allow drug particles to diffuse out of the
polymer matrix more efficiently [73].
Moreover, SEM images (Figure 4.a1 &
4.a2) confirmed this case, which is due
to the higher fibre diameter of PVA19
(980 nm). It is evidenced that PVA22
and PVA25 samples showed good sustainability within the release behavior of
the FA from the fibres. This reflects that
hydrophilic based PVA nanofibres enhanced the dissolution rate of folic acid
substantially. Several factors affect the
drug release percentage from drug-loaded fibres like the drug and polymer matrix type (i.e., hydrophilicity and hydrophobicity) and drug-polymer interaction
as well [74]. From SEM images it appears that the average fibre diameters of
Gel/FA nanofibres were less than those
of PVA/FA fibres. Each the electrospun PVA/FA fibres had a much higher
FA release compared to all the Gel/FA
fibres, the reason for which could also be
the interaction (intermolecular hydrogen
bonding) between amine groups within
the structure of gelatin and pteridine and
para-amino-benzoic acid groups within the structure of folic acid. Therefore,
fibrous gelatin released small amounts
of the vitamin from its structure.
The Gel/FA fibres (Figure 9.b) at the end
of 15 min showed a burst release profile
of 14.3%, 58.4%, and 34.7% for the 19,
22, and 25 mg Gel/FA fibres respectively.
Then a gradual release was obtained till
240 min for the Gel22, Gel25, and Gel19
samples, with the highest fibre diameter
exhibited by FA for a release of 34.3%
after 6 hours.
For electrospun PVP/FA fibres, more
than 50% of the FA within the fibres was
released within the first 5 min., while
the entire FA release process finished at
a slightly increase after 6 hours. Additionally, the nanofibres indicated a relatively
steady behavior after 210 min. A similar
FA release behaviour was observed for all
fibres. The sustained release of FA from
PVP fibres continued for over 60 min.
with the drug remaining within the medium. There was no significant change in
the percentage of FA release from the
fibres when the quantity of FA in PVP
fibres was increased from 19 to 25 mg.
The in-vitro release behaviour of Glibenclamide/PVP nanofibres was found to
reach maximum drug release in acidic
media within the first 5 min, as a result
of which the release process was completed in 480 min. [75]. UV-Vis analysis
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results revealed that all fibres have a fast
releasing behaviour, and when the dry
fibres, such as in a face mask, are placed
on a sweaty skin surface, vitamin molecules can quickly disintegrate from the
fibres and penetrate to the skin.

Conclusions
In this study, folic acid loaded PVA, gelatin, and PVP nanofibres were successfully fabricated via electrospinning, and the
structure of the resulting fibres was evaluated by TGA and FTIR analysis. FTIR
spectra indicate that peak intensities of
the FA-loaded fibres decreased relative to
pure fibres. TGA thermograms show that
FA-loaded fibres began to degrade earlier
than for pure ones due to the vitamin’s
sensitivity to heat. Moreover, inorganic
compounds (NaHCO3) caused residue of
about 1.5-2%. The morphology of all vitamin loaded electrospun fibres substantially changes with an increasing folic
acid content. The following UV-Vis and
SEM analysis proved that the fibre diameter and percentage of vitamin release
were directly proportional for each fibre group. However, PVA22 nanofibres
have the highest vitamin release value
(88.07%) after 8 hours, which is often associated with the polymer type and polymer-vitamin interactions. The percentage
of vitamin release also increases due to
the increased amount of vitamin loaded
into the fibres as well. The in-vitro study
showed that the initial burst release in
acidic media may due to the heterogenous vitamin distribution within the fibre. The utilisation of hydrophilic based
fibres within the process also seriously
affects the entire vitamin release period.
FA-loaded hydrophilic nanofibres can
be promising material as fast-dissolving
transdermal delivery systems, especially
when used as a face mask.
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