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� CA/CDs embedded electrospun
nanofibers were successfully
fabricated via electrospinning
technique.

� Complex formation was characterized
by FT-IR, UV, and Raman-
Spectroscopy.

� Enhanced solubility of CA from CA/
CDs was confirmed by Phase-
Solubility test.

� The dissolution diagram exhibits the
dissolution of CA from PVA/CA/CDs
more efficient than PVA/CA
electrospun nanofibers.
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Here, we prepared the solid inclusion complexes between Caffeic acid (CA) and Cyclodextrins (b- and c-
CDs) (CA/CDs) that were effectively embedded into Poly (vinyl alcohol) (PVA) electrospun nanofibers via
electrospinning technique to enhanced solubility and antibacterial activity. In tested Cyclodextrins are b-
and c-CDs with CA in the ratio of 1:1 resulting in the formation of CA/CDs by co-precipitation method.
The physical properties of CA/CDs were examined by FT-IR, UV, and Raman Spectroscopy. The phase
solubility test showed a much higher solubility of CA due to inclusion complexes (ICs). Furthermore,
CA/b-CD and CA/c-CD perfected achieved 0.70:1 and 0.80:1 the molar ratio of ICs, confirmed by NMR
studies. The fiber size distribution, average diameter, and morphology features were evaluated by SEM
analysis. The dissolution profile of PVA/CA and PVA/CA/CDs were tested within 150 min, resulting in
CA dissolved in PVA/CA/CDs slightly higher than PVA/CA nanofibers due to enhanced solubility of ICs.
Moreover, PVA/CA/CDs exhibit high antibacterial activity against gram-positive bacteria of E-Coli and
gram-negative bacteria of S. aureus. Finally, these results suggest that PVA/CA/CDs may be promising
materials for active food packaging applications.

� 2020 Elsevier B.V. All rights reserved.
1. Introduction

The non-biodegradable and non-renewable polymeric compos-
ites are more attractive materials due to their unique properties
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such as low cost, light in weight with a significant degree of
strength, corrosion resistance, and act as a thermal and electrical
insulator [1,2]. There are various methods used to produce the
nanofibers from polymers phase separation [3], template synthesis
[4], drawing [5], chemical vapor deposition [6], sol–gel method [7],
self-assembly [8], and typically is electrospinning. It has received
electrospun nanofibers by electrical force to enhance the chemical
and physical properties of polymers [9–11]. First, Introduced in
Formhals fiber manufacture in the year 1944, and they moved in
industrial applications [12]. Followed various nanostructures
developed for different fields of nanofibers that are more favorable
compared to others. They have significant physicochemical proper-
ties such as high surface to volume ratio, lightweight with small
diameter, controllable pores structure, and flexibility of surface
modifications. The synthetic polymer is having a large molecular
weight, a high thermal property, and mechanical stability. So, these
are preferable to fabricating the electrospun nanofibers compared
to natural biopolymers [13–18]. Electrospinning of nanofibers with
cyclodextrins (CDs) or Cyclodextrins inclusion complexes(CDs/ICs)
nanofibers was most attractive materials for material science due
to cost-effective technique for producing the continues functional
nanofibers from biodegradable polymers like Polyvinyl alcohol
(PVA)[19], Polyethylene glycol(PEG)[20], Polyvinylpyrrolidone
(PVP)[21], Polylactic acid (PLA)[22] and Polylactic-co-glycolic acid
(PLGA)[23] and Polycaprolactone (PCL)[24]. CDs are polymeric cyc-
lic oligosaccharides is the ability to forming the ICs with a variety
of antimicrobial molecules to reduce the volatility. And the control
to release antimicrobial compounds enhance the thermal stability,
solubility, and bioavailability [25–29]. The most common CDs are
a-, b-, and c-CD containing 6, 7, and 8 glucopyranose units in the
cone-shaped structure. These can be forming the complexation
[30–33] depending upon their size and shape fit between the host
of CDs and guest of antibacterial molecules [34–36]. It has shown
unique properties are enhance like solubility binding strength
[37,38] is interestedly and appealing in the application of different
fields like textiles, cosmetics, tissue engineering, pharmaceutical,
drug delivery, and food chemistry [39–43]. Researchers are fabri-
cated in Menthol [44], Eugunol [45], Vanillin [46,47], Essential oil
[48], gallic acid [49], Triclon [50], etc., Encapsulated CDs/ICs with
supporting polymers like PVA, PMMA, and PVP electrospun nano-
fibers electrospinning technique. It is applicable in food packaging
and flavoring agent in the food industry [51–54].

Caffeic acid (CA) is a hydrophobic polyphone which appeared in
the phenolic compound, extracting in aromatic leaves used in the
cosmetic and food industry. Due to highly anti-oxidant, antibacte-
rial, anti-allergic, and anti-inflammatory activity. Unfortunately, it
has unfavorable properties such as volatility, low solubility, and
less thermal stability [55,56]; overcome this problem by introduc-
ing the host–guest complexation due to CA perfectly including
with CDs to form ICs [57]. For more than fifteen years, the corre-
sponding author research group has been involving in studying
the complexation properties [58–63]. It is stimulating us to carry
out a study on Caffeic acid inclusion complexes to examine the
possibility of complex formation with b-CD and c-CD. Particularly
in solid-state to improve its dissolution profile and control the
releasing capability of antimicrobial agents and enhance the
antibacterial activity. For a recent we have observed the fabrication
of CDs/ICs into polymeric electrospun nanofibers not only specific
properties of CDs/ICs and also exhibits the high surface area and
nonporous structure. Polyvinyl alcohol (PVA) is a biocompatible
and biodegradable non-toxic synthetic polymer. Mainly it’s highly
water-soluble, broadly used in food chemistry and the field of the
biomedical industry [64,65]. In the present study, first, we pre-
pared a 1:1 M ratio of modified b-, and c-CDs with CA to forming
CA/CDs. It is confirming by FT-IR, UV, and Raman studies.
CA/c-CD achieved higher binding efficiency compared to CA/b-
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CD, confirmed by NMR studies. Besides, we calculate the binding
properties and solubility of CA/CDs with the phase solubility dia-
gram. These CA/b-CD and CA/c-CD encapsulated PVA electrospun
nanofiber by electrospinning technique under optimal conditions.
The prepared PVA, PVA/CA nanofibers as a comparison. The aver-
age fiber distribution (AFD) and Average roughness (AR), and sur-
face morphology were by SEM analysis. In the dissolution profile
on CA from PVA/CA and PVA/CA/CDs nanofibers studied in UV-
Spectroscopy at 283 nm. The antibacterial studies were investigat-
ing against gram-positive bacteria (s.aureus) and gram-negative
bacteria (E.coli). And have enhanced the antibacterial activity of
the electrospun nanofibers (PVA /CA/CDs). Finally, our results sug-
gest that CA/CDs encapsulating Polymeric nanofibers were may be
suitable materials for food packaging due to enhanced solubility of
CA and antibacterial activity.
2. Experimental details

2.1. Materials

Caffeic acid (98%, TCI Co., LTD.), Polyvinylalcohol (PVA, MW
60,000–1,25,000 g mol�1, Viscosity 9.00–21.00 cp HIMEDIA),
Deuterated dimethyl sulfoxide (DMSO d6, Merk for NMR Spec-
troscopy) beta-cyclodextrin and gamma-cyclodextrin (b-CD and
c-CD, SRL Co., LTD.) was purchased and used as without any further
purifications. The water was from Miliporoe Milli-Q ultrapure
water system.

2.2. Preparation of solid inclusion complex (CD/CA)

The chemical structure of CA, b-CD, and c-CD is showing in
Fig. 1a. ICs prepared by mixing the 1:1 M ratio of CA and each
CD according to the Co-Precipitation method, schematically repre-
senting as Fig. 1b. In brief, the mixture of CDs (1 g /0.003 mol) and
CA (0.12 g/0.003 mol) was dissolved in 20 mL water, stirring for
24 h dark at RT. Further, the precipitate was collected by filtration
using filter paper and washed several times. With purified water to
remove the un-reacted CA and CDs. Which are drying in a vacuum,
finally white powder product (both b-CD and c-CD/CA) is obtained.

2.3. Preparation of electrospinning solution

PVA/CA/CDs nanofibers produced using the electrospinning
method. This experimental schematic representation is showing
in Fig. 1c. To prepare the PVA/CA/CDs solutions and PVA (16% w/
v) was dissolved in water. 10% CA/CDs and 5% CA (w/w, concerning
polymer) were dissolving in water at RT. First, the solution (PVA)
has prepared separately. 1.6 g of PVA pellets were dissolved in
water for 4 h at 75 �C are cooled at RT. These CA/b-CD and CA/c-
CD solutions were adding to the polymeric (PVA) solution. Further-
more, they were stirring for 2 h at RT; for comparison. The without
CD solutions of pristine PVA and PVA/CA were preparing as the
same method. These polymeric solutions have been placing into
the electrospinning setup.

2.4. Electrospinning

Each polymeric solution has placed into a 10 mL syringe having
a metallic needle with 0.8 mm inner diameter. The syringe has
positioned vertically on the syringe pump. Electrospinning param-
eters were as follows, a flow rate of the polymer solution was
1 mL/h, the applied voltage 20 kV, and the needle to collector dis-
tance was 10 cm. The fibers have been collecting by the grounded
stationary cylindrical collector and are covering with aluminum
foil. Electrospinning whole setup was performing at 23 �C and



Fig. 1. (a) Chemical structure and approximate dimension of b-CD and c-CD (b) Formation of CA/CDs and (c) Electrospinning of nanofibers from PVA/CA/CDs solution.
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18% relative humidity in an enclosed box. Finally, preparing nano-
fibers have dried at room temperature to remove the residual sol-
vent and stored at 4 �C for further characterization.

2.5. Materials characterization

The electrospun nanofibers have been synthesizing using in the
laboratory by using electrospinning. The equipment is ESPIN-
NANO from the physics Instrument Company, Chennai. Phase sol-
ubility measurement is have carried out by the method of Higuchi
and corners [66]. An excess amount of CA was adding to the aque-
ous solution of b-CD, and c-CD (range 5 to 50 mM) solution was
Fig. 2. Phase solubility diagram of (a) CA/b-CD and (b) CA/c-CD.
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stirred in 12 h at RT that the solution has filtered. The
un-dissolved CA has been removing. The concentration of CA has
calculated spectrometrically at 283 nm. Moreover, the stability
constant has been determining by the following equation.,

Ks ¼ Slope=S0ð1� SlopeÞ ð1Þ

where S0, the solubility of CA without CDs finally the phase solubil-
ity graph was plotting in Concentration of CA versus concentration
CDs.

CD/CA characterizations have by FT-IR (Fourier transform infra-
red spectroscopy), UV (Ultra Violet spectroscopy), 1H NMR (proton
nuclear magnetic resonance spectroscopy), and Raman-
Spectroscopy. The pristine CA is also characterizing for compari-
son. The molar ratio between CA and CD is have examined by the
1H NMR (1HNMR, Bruker D PX-400) system. It was dissolving in
d6-DMSO at the 20 g/L concentration.

The spectra have been recording at 400 MHz and 16 total scans.
The Mestrenova software has been using to identify the integration
of chemical shift value (ppm) and calculating the molar ratio of CA
and CD. The FT-IR spectroscopy is using to analyze the interaction
between the guest–host ICs and identify the functional group of CA
and CDs; the spectra were recorded from 450 to 4000 cm�1, at a
resolution of 4 cm�1, by taking 64 scans for each sample (FT/IR-
4600 type in KBr mode). Electronic transitions of inclusion com-
plex are determining by Ultraviolet (UV) spectrometry (Jasco
V530 UV Visible spectrophotometer). The spectra have recorded
the range of 200–800 cm�1. PVA, PVA/CA/b-CD, and PVA/CA/c-CD
are characterizing by using Scanning Electrons Microscopy (SEM)
(VEGA 3 TESCAN) with a working distance of 8 mm. The dissolu-
tion profile of PVA/CA, PVA/CA/b-CD, and PVA/CA/ c-CD nanofibers
has been carrying out by using UV spectroscopy (Shimadzu UV-
2401 Spectrometer). Equivalent (10 mg) amount of each nanofiber
dissolving in 20 mL Mili Q water and the solution was stirring at
RT, 500 rpm for three hours. At different time intervals



Fig. 3. (A). FT-IR spectra of (a) b-CD, (b) c-CD, (c) CA, (d) CA/b-CD and (e) CA/c-CD, (B). Enlarged region of FT-IR spectra between 1800 and 800 cm�1 of (a) b-CD, (b) c-CD, (c)
CA, (d) CA/b-CD and (e) CA/c-CD.

Fig. 4. UV Spectra of (a) b-CD, (b) c-CD (c) CA, (d) CA/b-CD and (e) CA/c-CD.

Fig. 5. Raman-Spectra of (a) CA, (b) CA/b-CD and (c) CA/c-CD.
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(15,30,45,90,120,150 and 180 min) of 3 mL of the solution has
withdrawn at the same volume of fresh water has replaced the
solution. The absorbance of the collected solution has evaluated
at 283 nm. The bacterial activity of fabricated electrospun nanofi-
bers of PVA/CA/b-CD and PVA/CA/c-CD have been investigating. It
is against the Gram-positive bacteria, S. aureus (ATCC-25923). And
Gram-negative bacteria, E. coli (ATCC-23828) have seeding on the
surface of Mueller-Histon agar. This test is doing in-vitro using a
disk agar diffusion method. The bacteria were grown overnight
and incubated at 37 �C, and then serially diluted 1 X 108 colony-
forming units (CFU/ml). First, the nanofibers were cutting into
small pieces. It is placing on the top of the solidified medium. After
24 h of incubation, the inhibition zone and diameter has recorded.
The experiment is carrying out with triplicate determination.
4

3. Result and discussion

3.1. Phase solubility study

The CA/b-CD and CA/c-CD phase solubility diagram is repre-
senting in Fig. 2. The figure displayed by the AL type, which means
the CA concentration increased linearly increase the CDs concen-
tration, confirming enhancing solubility of CA due to ICs [67].
The linear trend expresses the 1:1 (guest: host) molecular complex
formation. The binding strength between the CA and CDs is have
calculated by equation (1). The stability constants are calculating
as 738 M�1 and 1217 M�1 for CA/b-CD and CA/c-CD. This result
suggests that the stable complex formation between both CDs.



Fig. 6. 1H NMR Spectra of (a)CA (b) CA/b-CD and (c) CA/c-CD.
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3.2. FT-IR analysis

The Chemical interaction between host and guest is studying by
using FT-IR spectroscopy. Fig. 3 exhibits the FT-IR spectra of the
prepared inclusion complex and CA for comparison. The FT-IR
spectra of CA consisted of a series of sharp two peaks 1664 cm�1

indicate stretching vibration of CAO groups. The 3432 and
3232 cm�1 attributed the hydroxyl group and aromatic conjugated
carbonyl group. The phenyl nucleus peak is an exhibit at
5

1297 cm�1 [68]. The c-CD peaks observed at 2968 and
1276 cm�1 exhibit methyl C-H stretching and C-O-C asymmetric
stretching vibrations, whereas b-CD occurs in 2925 and
1272 cm�1[69]. In the case of CA/b-CD and CA/c-CD and CA were
observed, confirming the presence of CA in the complex. The
hydroxyl band located at 1686 cm�1 had been shifted and dimin-
ished in the spectrum of CA/b-CD and CA/c-CD. Compared to the
CA and ICs stretching shift 3432(CA) to 3376 (CA/c-CD) and
3400 cm�1 (CA/b-CD). The phenyl nucleus band of CA at



Table 1
1H NMR chemical shifts of protons of CAfree and CAcomplexed with b-CD in DMSO d6
solvent.

H
assignment

The Chemical
shift of CAfree

(ppm)

The Chemical shift
of CAcomplexed with
b-CD

Difference between
(CAcomplexed with b-CD -
CAfree (ppm))

H-1 12.140(s) 12.124 0.016
H-2 7.441(d) 7.424 0.017
H-3 7.034(d) 7.019 0.018
H-4 6.982(d) 6.971 0.011
H-5 6.962(d) 6.95 0.012
H-6 9.550(s) 9.54 0.01
H-7 9.162(s) 9.152 0.01
H-8 6.774(d) 6.762 0.012

Table 2
1H NMR chemical shifts of protons of CAfree and CAcomplexed with c-CD in DMSO d6
solvent.

H
assignment

The Chemical
shift of CAfree

(ppm)

CAcomplexed

with c-CD
Difference between
(CAcomplexed with c-CD-
CAfree (ppm))

H-1 12.140(s) 2.136 0.004
H-2 7.441(d) 7.427 0.014
H-3 7.034(d) 7.021 0.013
H-4 6.982(d) 6.973 0.009
H-5 6.962(d) 6.954 0.012
H-6 9.550(s) 9.547 0.003
H-7 9.162(s) 9.159 0.003
H-8 6.774(d) 6.753 0.01
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1297 cm�1 was observing more intensely and sharply in the case of
CA peaks are also observed in the complex. But whereas changed to
slightly broadly; moreover, the sharpest absorption peaks are at
1515 cm�1 indicates that C@C stretching vibration of an aromatic
moiety which peak clearly shown in the spectrum of CA/CDs.
Finally, our FT-IR result suggests that CA is deeply embedded into
the CD cavity hydrophobically.
3.3. UV analysis

Fig. 4 shows the absorption spectra of CA in the absence and
presence of b-CD and c-CD. Before that, it has dissolved in water.
The electronic absorption peak of CA is observing at 283 nm (p-
p* transition phenolic group, hypochromic). And 315 nm (p- p*
transition of the double bond, hyperchromic) [70]. Meanwhile,
the absence of the b-CD and c-CD absorption peaks are observing.
Moreover, the intensity peak of CA increased to CA/b-CD and CA/c-
CD. Simultaneously, the absorption wavelength of 284 nm
appeared at blue-shifted to 273 (CA/b-CD) nm and 271 nm (CA/
c-CD).

These results suggested that CA hydrophobically interacts with
the b-CD and c-CD cavity.
3.4. Raman analysis

The interaction between CA and CDs is investigating by Raman
Spectroscopy. Fig. 5 is attributing to the Raman spectrum of pre-
pared ICs. CA molecules have an aromatic ring so. It’s favored to
interact with the CDs cavity, furthermore characteristic vibrations
and group frequencies in spectral regions free from CDs bands,
which properties are useful to probing the guest molecule by com-
plexation. The intensity of the 1613 cm�1 peak is attributing to the
aromatic C@C vibration spectrum was for studying its inclusion
complexation with CD derivatives. The CA/b-CD and CA/c-CD peak
is observing at 1613 cm�1. It shifted to 1609 cm�1 and 1597 cm�1

the intensity of the spectra is also reducing due to C@C stretching
6

was sensitive to host–guest interaction as a formation of inclusion
complex, which is a consequence and localization of single and
double bonds [70]. In the C-O stretching (1299 cm�1) is has slightly
shifted to 1291 cm�1 and 1271 cm�1 (CA/b-CD and CA/c-CD). It
indicates that the aromatic ring liked to an inter-link chain of
CDs. Finally, these results suggesting that the aromatic ring inter-
acting with the CDs cavity.

3.5. NMR-analysis

The 1H NMR spectra of CA/b-CD, CA/c-CD, and pure CA are have
characterized for comparison spectra are showing in Fig. 6. ICs
affected the physical and chemical environment of the host–guest
hydrogen molecule explains only the internal surface of hydrogen
but not the external hydrogen surface [71]. First, the samples dis-
solved in a d6-DMSO solvent for NMR measurement. Tables 1 & 2
summarizes the chemical shift of CA, CA/b-CD, and CA/c-CD. CA
is a highly hydrophobic, CA with b-CD & c-CD 1H NMR spectra
show that induced the upfield changed all protons of CA. CA con-
sists of the five hydrogens are H-2, H-3, H-3, H-4, and H-5, to
obtained high delta values of CA/b-CD and CA/c-CD of H-2 (Dd =
0.017 & 0.014), H-3 (Dd = 0.018 & 0.013) and H-5 (Dd = 0.012 &
0.012) indicates that adjacent AC@CA groups. Furthermore, the
molar ratio of CA/b-CD and CA/c-CD is have calculated as 0.70:1
and 0.80:1 by taking integration peaks ratios of the characteristic
chemical shift of CA (6.18 ppm), b-CD (4.37 ppm), and c-CD
(4.47 ppm) means the un-complexed CA was present in ICs. Finally,
this result revealed that the CA molecule was deeply including
inside the hydrophobic cavity of b-CD & c-CD and CA/c-CD com-
plexation efficiency was slightly higher than CA/b-CD.

3.6. Morphology analysis

The morphology of the prepared nanofibers was examined by
SEM imaging, which employed the surface morphology of prepared
nanofibers in Fig. 7. In uniforms (PVA) and bead-free morphology
were obtaining. In the case of PVA/CA beads was obtained, whereas
PVA/CA/b-CD and PVA/CA/c-CD nanofibers showed not uniform
morphology because crystalline aggregates of CA/b-CD and CA/c-
CD were present and distributed to the PVA nanofibers. Addition-
ally, the Average Fiber Diameter (AFD) and Average Roughness
(AR) of prepared nanofibers are have calculated by using image
processing software (ImageJ software) [72]. In the AFD results of
PVA, PVA/CA, PVA/CA/b-CD, and PVA/CA/c-CD found to be AFD
141 ± 10, 114 ± 19, 127 ± 20, and 131 ± 18 nm. Fig. 8 exhibits
the AR of the preparing nanofibers are have found in 360 ± 21,
282 ± 40, 320 ± 32, and 370 ± 21 nm. In the case of PVA/CA/b-CD
and PVA/CA/c-CD were higher AR, it’s had a crystal with
nanofibers surface morphology. The higher AFD were obtained in
PVA/CA/b-CD and PVA/CA/c-CD nanofibers when compared to
PVA/CA nanofiber, which is possible to an interaction between
the CA/CDs crystals and PVA polymer chain. However, the fibers
are have obtained with CA/b-CD, and CA/c-CD crystalline on their
surface indicates the perfectly CA/CDs loaded within the PVA
nanofibers [73].

3.7. Dissolution diagram

The PVA/CA, PVA/CA/b-CD, and PVA/CA/c-CD dissolution dia-
gram is showing in Fig. 9. The dissolved concentration of CA
increased with slowly increasing time. In the case of PVA/CA nano-
fibers dissolving much slower compared to the PVA/CA/b-CD and
PVA/CA/c-CD nanofibers due to inclusion complex formation
between the CA and CDs. The PVA/CA/c-CD dissolved slightly faster
than PVA/CA/b-CD nanofiber’s initial concentration was reached at
14.8 mM and increased concerning time (min). Finally, this result



Fig. 7. SEM image and Average Fiber Diameter (AFD) of prepared nanofibers (a) PVA, (b) VA/CA, (c) PVA/CA/b-CD, and (d) PVA/CA/c-CD.
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indicates that the presence of CDs in the nanofibers is influencing
to enhance the CA dissolving from the nanofibers.
3.8. In vitro anti-bacterial activity

The PVA/CA/b-CD and PVA/CA/c-CD nanofibers antibacterial
activity are have tested against gram-positive and other bacteria.

In Fig. 10 the antibacterial activity of both nanofibers’ inhibition
in the growth of both bacteria due to the CA is the well-known
antibacterial agent. Fig. 10b PVA/CA/c-CD nanofibers were wider
than PVA/CA/b-CD nanofibers; because CA includes with c-CD
cavity binding constant was much higher so, enhanced the CA
solubility in agar medium. The enhanced antibacterial activity of
CA/c-CD embedding PVA electrospun nanofibers can be achieving
7

the excellent physical properties of CA with a large surface area
to volume ratio of nanofibers. Thus, the above result clearly
explained that CDs/CA embedded electrospun nanofibers have to
develop the active antibacterial material that may be applicable
in the food industry.
4. Conclusion

Here, first, we prepared the solid CA/CDs using b-CD and c-CD
by a simple co-precipitation method. The FT-IR result mentions
the chemical interaction between the CA and CDs to the formation
of the inclusion complex. Besides, UV, 1H NMR, and Raman-
spectroscopy indicate that CA presents and interacts with the CD
cavity in the CA/CD. Additionally, the phase solubility results



Fig. 8. Average Roughness (AR) of the prepared nanofibers (a) PVA, (b) PVA/CA, (c) PVA/CA/b-CD, and (d) PVA/CA/c-CD.

Fig. 9. Dissolution diagram of CA from (a) PVA/CA, (b) PVA/CA/b-CD, and
(c) PVA/CA/c-CD nanofibers.
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revealed that the solubility of CA increased linearly with increasing
the CDs concentration. The electrospinning technique is have used
to fabricate the CA/CDs. It is incorporating into PVA electrospun
nanofibers. To our result that smooth and uniform bead nanofibers
are have obtained by SEM images. Besides, dissolution studies are
have obtained by using absorbance data of UV-Spectrum at
283 nm; the dissolution diagram of CA in PVA/CA/CDs is much
slower than PVA/CA electrospun nanofibers due to ICs between
CA and CDs. More importantly, the case of PVA/CA/CDs is showing
8

better antibacterial activity results against S. aureus and E. coli due
to enhanced solubility of CA and in PVA/CA/CDs nanofibers in agar
medium. CA is a bio-active compound as well as an antibacterial
agent so, which is widely using in the food industry. Finally, our
result suggests that CA/CDs are embedding into PVA electrospun
nanofibers having high surface area, high porosity, and antibacte-
rial activity so, which material may be in the food industry and
food preservative, etc.
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Fig. 10. Antibacterial activity of (a) PVA/ CA/b-CD and (b) PVA/CA/ c-CD nanofibers.
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