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Development and production of new materials and semiconductor devices
require morphological, structural, and chemical characterization at the
nanoscale level to understand their chemico-physical properties and
optimize their production process. Besides traditional electron microscopy
imaging and compositional analysis techniques, 4D-STEM methods provide
additional structural information about the local internal organization of
atoms and molecules at each position of an acquired STEM map.
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Abstract

The present study investigated that chitosan production of Rhizopus oryzae NRRL
1526 and Aspergillus niger ATCC 16404. Fungal chitosans were characterized by
scanning electron microscopy (SEM)-energy dispersive X-ray analysis, Fourier trans-
form infrared spectroscopy (FTIR), differential scanning calorimeter and deacetylation
degrees of fungal chitosans were determined. The percentage yield of Ro-chitosan
and An-chitosan were determined as 18.6% and 12.5%, respectively. According to
percentage of chitosan yield and the results of the characterization studies, chitosan
that obtained from Rhizopus oryzae NRRL 1526 was selected for subsequent studies.
Cytotoxicity of chitosan obtained from Rhizopus oryzae NRRL 1526 was determined
by MTT assay on human dermal fibroblast cell line. Acording to results of the cyto-
toxicity test fungal chitosan was nontoxic on cells. The high cell viability was
observed 375 pug/mL concentration at 24th, 48th h periods and at the 187.5 pg/ml
72nd h periods on cells. The fungal chitosan obtained from Rhizopus oryzae NRRL
1526 was used to fabrication of electrospun nanofibers. Fungal chitosan based poly-
mer solutions were prepared by adding different substances and different electro-
static spinning parameters were used to obtain most suitable nanofiber structure.
Characterization studies of nanofibers were carried out by SEM, FTIR and X-ray dif-
fraction. The most suitable nanofiber structure was determined as F4 formula. The
nanofiber structure was evaluated to be thin, bead-free, uniform, flexible and easily
remove from surface and taking the shape of the area. After the characterization
analysis of fungal chitosan it was determined that the chitosan, which obtained from
Rhizopus oryzae NRRL 1526 is actually chitosan polymer and this polymer is usable
for pharmaceutical areas and biotechnological applications. The electrospun nanofi-
ber that blends fungal chitosan and PCL polymers were fabricated successfully and

that it can be used as fabrication wound dressing models.
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analysis, Fourier transform infrared spectroscopy, differential scanning calorimeter.

Fabrication and characterization of the fungal chitosan/PCL electrospun nanofibers.
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1 | INTRODUCTION

Electrospinning is a simple, effective, versatile and most widely used
technique that allows the production of nanosized fibers from differ-
ent polymer depending on the property of polymer and processing
conditions (Huang et al., 2003; Ramakrishna et al., 2005). This tech-
nique was first discovered in the seventeenth century by William Gil-
bert (Tucker et al., 2012). In this process, polymer solution or melt, fed
from the tip of a capillary to a collector, is exposed to an electric field.
Once surface tension of the solution or melt droplet at the tip is over-
come by electric field and coulombic forces, charged droplet gener-
ates the Taylor cone. As the critical voltage is exceeded an electrified
emerges from the tip of the Taylor cone. During the traveling to the
collector, stretching and elongation take place and finally nanofibers
are formed as the solvent evaporates or melt cools down
(Tripatanasuwan et al., 2007). Electrospun biopolymer nanofibers
have potential uses as scaffolds, wound dressings and drug release
systems due to their resemblance to natural extra cellular matrix, high
surface area to volume ratio, increased flexibility in surface functional-
ities, improved mechanical performances, and smaller porosities
(Schiffman & Schauer, 2007; Subbiah et al., 2005). The wide range of
polymers are capable of being electrospun nanofibers from pure or
blended of natural polymers such as collagen, fibroin, silk, carboxy-
methyl cellulose, hyaluronic acid and chitosan and synthetic polymers
as polyvinylalcahol, polycaprolactone, polyethyleneoxide (Chen
et al., 2017; Fathollahipour et al., 2015; Kamoun & Kenawy, 2017;
Majd et al., 2016; Nemati et al., 2019; Venugopal et al., 2010). Bio-
polymers are biocompatible, biodegradable, non-toxic and similar to
extracellular matrices, by contrast synthetic polymers do not have
these features. However, synthetic polymers provide great applicabil-
ity by chemical or physical modifications, as well as excellent process-
ability (Li et al., 2006). Nevertheless, single component biopolymer is
generally insufficient for good physical and biochemical fiber specifi-
cations. To overcome these limitations, recent effort has been given
to takes advantage of the physical properties of the synthetic poly-
mers and the bioactivity of the biopolymers while minimizing disad-
vantages of both combined for the preparation of electrospun fibers
(Kweon et al., 2001; Lin et al., 2013; Shao et al., 2016).

Chitosan is a natural and recyclable biopolymer obtained by deace-
tylation of chitin (Abeer Mohammed, 2018). Chitin is generally found
in nature, has a structure of antiparallel chains and is found in crabs,
shrimps, seaweeds, protozoa, cetaceans, mollusks, arthropods, bacteria,
fungi, insects and some plants (Ifuku, 2014). Fungi have significant
quantity of chitin in their cell walls, and upon the extraction of chitosan
from these cells (Kucera, 2004; Nwe et al., 2002). Many researches

have been carried out for the production of chitin and chitosan from
fungi (Akila, 2014; Muslim et al., 2018; Sebastian et al., 2019; Wu
et al.,, 2005). Fungi have several advantages in chitosan production, like
as suitability for many biomedical applications, low molecular weights,
controllability of molecular weight, and deacetylation degree by chang-
ing fermentation conditions, high availability of fungal biomass
(Bordes & Averous, 2009). Chitosan is a vulnurable polymer and has
been used in several areas, for instance cosmetics, pharmacology and
medicine, food additives and agriculture biotechnological approaches,
agricultural production (Li et al., 2011; No et al., 2007). Also, chitin and
chitosan possess many beneficially biological properties such as bio-
compatibility, biodegradability, hemostatic activity, wound healing,
antimicrobial property, low toxicity, that make them notable to bio-
medical applications (Jayakumar et al., 2010; Tajdini et al., 2010).

The aim of present study is the production and characterization of
fungal chitosan, a biopolymer with the desired properties for nanofiber
production, obtained from fungal sources. It has been observed that
chitosan of fungal origin has been obtained in previous studies carried,
but no study has been devoted to production on nanofiber fabrication.
In present study, the electrospinning technique was used to produce
polymeric scaffolds from a biopolymer derived from fungi with biocom-
patible polycaprolactone (PCL) polymer, which was chosen as a carrier
for its favorable surface properties to produce a novel material nanofi-

ber with better characterization for biomedical applications.

2 | MATERIALS AND METHODS

21 | Fungal strain and production biomass

Rhizopus oryzae NRRL 1526 and Aspergillus niger ATCC 16404 that have
high chitosan production ability as a result of literature review were
used in present study for obtained fungal derived chitosan (Abeer
Mohammed, 2018; Sebastian et al., 2019). Potato dextrose broth (PDB)
and potato dextrose agar (PDA) medium (Merck, Darmstadt, Germany)
were used for the cultivation, growing and maintenance of the fungal
culture. Fungal cultivation and production biomass were performed
acording to Pochanavanich and Suntornsuk (2002) method. First, 1 ml
spore suspension (107 spores mL™%) was inoculated into 100 ml PDB in
a 250 ml erlenmeyer flask and incubated at 30°C, 180 rpm, for 6 days.
After the incubation period fungal mycelia were filtrated with Whatman
filter paper No. 4 and washed twice by distilled water then the biomass
pellets were dried at 60°C to constant weight in oven. After the dried
samples were ground, yield calculations were performed and stored in

the refrigerator at +4°C to be used in other stages.

85U8017 SUOLILLOD 3Aee1D) 3eal|dde ay) Aq peusenob ae sopiie YO ‘esn Jose|n. 1o} Ariq1T 8UIIUO A1 UO (SUONIPUCD-PUB-SWBI WD A8 | 1M AfeIq 1 U1 |UO//SANL) SUORIPUOD PUe SWis | 83U} 88S *[£202/70/.T] U0 AriqiTauliuo Aeim ‘AiseAluN Lejwi|ig X1iBes UoAY Aq STEPZ IWR(/200T 0T/I0p/W0d" A8 |im" Aeiq 1 jeulu0'S [euIn0 OB 10s o NA feue// Sy Wwoly pepeolumoq ‘0 ‘6200260T



ERDOGMUS ET AL.

MICROSCOPY 3
RESEARCH & TECHNIQUE WI LEYJ_

2.2 | Chitosan extraction

Chitosan extraction was carried out by a modified method of Klee-
kayai and Suntornsuk (2010). In this method, biomasses were sus-
pended with 1 M NaOH (1:30, w/v) and autoclaved at 121°C for
15 min. Alkali insoluble fractions were seperated by centrifugation at
15.000 g for 25 min and these fractions were washed by distilled
water and re-centrifuged to a neutral pH. The residues were further
extracted with 2% (v/v) acetic acid (1:40, w/v) at 95°C for 8 h. The
extracted slurry was centrifuged and the acid insoluble fractions were
discarded. The pH of supernatant was adjusted to 9-10 with 2 N
NaOH, and then chitosan was obtained by precipitation through cen-
trifugation and washed with distilled water, 95% (v/v) ethanol (1:20,
w/v) and acetone (1:20, w/v), respectively. The fungal chitosans were
dried at 50°C for 24 h and weighed to calculate chitosan yields.

2.3 | Characterization of fungal chitosan

The morphology and elemental composition of the chitosan that
obtained from R. oryzae NRRL 1526 (Ro-chitosan), chitosan that
obtained from A. niger ATCC 16404 (An-chitosan), commercial chito-
san were analyzed by scanning electron microscopy-energy dispersive
X-ray analysis (SEM-EDX). The samples were sputtercoated with gold
for 30 s at 100 mA prior to imaging with a LEO 1430 VP SEM (Carl
Zeiss AG, Jena, Germany) at an accelerating voltage of 20 kV. EDX
analysis is a method that used in the elemental analysis of materials. It
is a module connected to a scanning electron microscope.

The characterization of Ro-chitosan, An-chitosan and commercial
chitosan were performed by using Perkin Elmer Spectrum Two fourier
transform infrared spectroscopy (FTIR) recorded in KBr pellet with a
resolution of 4 cm™! and the wavelength ranging from 400 to

Land

4.000 cm™? at room temperature. The amide | band at 1655 cm™
the hydroxyl group absorption band at 3450 cm~* were used as inter-
nal reference (Sebastian et al., 2019). The degree of deacetylation (%
DD) was calculated by measuring the absorbance ratio of Aj455 and
Aszss0 by the following equation [30] Commercial chitosan (Sigma-

Aldrich, Germany) were used for the comparison study.

%DD =100 — (A1655 +A3450) X 100/133

Also thermal stability of Ro-chitosan, An-chitosan and commercial
chitosan were examined by using differential scanning calorimeter
(Perkin Elmer DSC-8000) under a nitrogen at the at a flow rate of
5 ml/min and the heating rate of 50°C/min from room temperature to
300°C (Jana et al., 2014).

24 | Cytotoxicity of fungal chitosan

Cytotoxicity of Ro-chitosan that produced high chitosan yield was
determined by MTT assay on Human dermal fibroblast cell line
(HDFa) (Kumar et al., 2018). First, cells at the 70%-80% confluency

were trypsinized and seeded on to a 96-well plate at the cell/well
density of 1 x 10* The HDFa cells (ATCC, PCS-201-012) were cul-
tured using Dulbecco's modified Eagle's medium (DMEM), 10% fetal
bovine serum and 1% penicillin-streptomycin solution (Sigma-Aldrich,
Germany). HDFa cells were first seeded in 96 well plates at a density
of 2 x 10% cells per well, treated with different concentrations of frac-
tions (46.87-1500 pg/ml), and incubated at 37°C with 5% of CO, and
95% of humidity for 24, 48 and 72h. Then MTT
1-(4,5-dimethylthiazol-2-yl)-3,5-diphenylformazan, thiazolyl blue for-
mazan (Sigma-Aldrich, Germany) reagent was added onto wells and
incubated at 37°C for 2 h. After incubation, MTT reagent was
removed from the cells, DMSO was added to each well, and the plate
was shaken at low speed for 5 min at room temperature. Absorbance
values were measured with Gen5 Biotek Microplate Reader (BioTek,
Epoch, ABD) at wavelength of 570 nm and cell viability was calcu-
lated. Untreated cells (cells on wells without any sample but DMEM
media) were used as a control and considered as 100% viable. All
experiments were performed in triplicate, and statistical analysis of
in vitro test data was performed via GraphPad Prism 9 with One-Way
ANOVA and Tukey's multiple comparisons tests.

2.5 | Fabrication of electrospun fungal chitosan
based nanofiber

The Ro-chitosan was used to fabrication of electrospun fungal chito-
san based nanofiber studies because the chitosan percentage yield
from R. oryzae NRRL 1526 was higher than that of A. niger ATCC
16404. Different polymer solutions such as polyethylene oxide (PEO),
polyvinyl alcohol (PVA), polycaprolactone (PCL), were used for most
suitable fungal chitosan based electrospun nanofibers showed in
Table 1. Solutions were stirred on a magnetic stirrer overnight to
obtain homogenous polymer solution (Aliabadi et al., 2013;
Dhandayuthapani et al., 2010; Levengood et al., 2017). The Ro-
chitosan compared with commercial chitosan. PEO, PVA, PCL were
dissolved in acetic acid, distilled water, trifluoroethanol (TFE), trifluor-
oacetic acid (TFA) solutions, respectively.

2.6 | Morphology and physicochemical properties
of fungal chitosan based nanofiber

Characterization of electrospun Ro-chitosan based nanofiber that
most suitable formula in Table 1 was carried out by SEM, FTIR, XRD
(He et al., 2016; Yang et al., 2019). The morphology of the chitosan
were analyzed by SEM. The samples were sputtercoated with gold
for 30 s at 100 mA prior to imaging with a LEO 1430 VP SEM (Carl
Zeiss AG, Jena, Germany) at an accelerating voltage of 20 kV. The
diameter of the electrospun fibers was determined from SEM
images.

FTIR spectra of nanofiber samples were examined by using a Per-
kin Elmer Spectrum Two spectrometer operated at 4 cm™* resolution.

Each sample was pulverized and mixed with potassium bromide (KBr).
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Electrospinning process parameters

TABLE 1  Production of chitosan based nanofibers by electrospinning
Concentration of poymer (w/v)
Formula Flow rate
code (ml/saat)
Fq 2% Ro-chitosan/EDTA (2:1) and 10% PVA 0.50
(4:6) were prepared in distilled water
F, 2% Ro-chitosan/EDTA (2:1) and 10% PVA 0.25
(3:7) were prepared in distilled water
Fs 2% commercial chitosan /EDTA (2:1) and 0.50
12% PCL (3:7) were prepared in TFE
Fs4 2% Ro-chitosan/EDTA (2:1) and 12% PCL 0.30
3:7 were prepared in TFE
Fs 2% commercial chitosan /EDTA (2:1) and 0.30

12% PCL (3:7) were prepared in TFE

The resultant suspension was pressed into a transparent pellet and
examined in absorbance mode within the range of 400-4000 cm™1.
The X-ray diffraction (XRD) patterns of nanofiber samples were
acquired using a Bruker D8 Advance diffractometer (Cu Ka radiation)
operated at a scanning rate of 0.025°/s over a 26 range of 2°-60°

and at 30 kV and 40 mA.

27 | Swelling test

Firstly, the dry weight of the nanofibers (Wy) were measured for
determination of swelling (%) of Ro-chitosan based nanofiber and
commercial chitosan based nanofiber. The nanofibers placed in the
tubes that contains phosphate buffered saline (PBS, pH 7.4) and kept
in a water bath at 37°C. At certain time intervals (O, 10, 20, 30, 40, 60,
80, 100, 120, 140, 180 and 220 min), the nanofiber samples were
removed from the PBS, the excess water was removed with the help
of filter paper and weighed again (W,,). Determination of the percent
swelling of nanofiber was calculated according to the following equa-
tion (Ahamed & Sastry, 2011).

%Swelling = [(W.y, — Wq) /W] x 100

3 | RESULTS

3.1 | Production of biomass and chitosan
extraction

The biomass calculations of A. niger ATCC 16404 and R. oryzae NRRL
1526 were calculated as 5.4 g/L~! and 8.1 g/L ™! after 6 days incuba-
tion in broth medium, respectively. Chitosan extraction was carried
out by a modified method of Kleekayai and Suntornsuk (2010) from
ground biomass. The percentage yield of Ro-chitosan and An-chitosan

were determined as 18.6% and 12.5%, respectively.

Voltage Spinerette-collector Drum Oscillation
(kV) distance (mm) speed (rpm) range (mm)
20 200 55 20
20 200 55 20
20 200 55 20
20 200 55 20
20 200 55 20
3.2 | Characterization of fungal chitosan

The morphology and elemental composition of the Ro-chitosan, An-
chitosan and commercial chitosan were analyzed by SEM and are shown
in Figure 1. Also, EDX results of samples are shown in Table 2. It was
observed that the Ro-chitosan, An-chitosan and commercial chitosan
samples had a flat surface in some parts and a piecemeal surface in some
parts and amorphous structure was observed as another important fea-
ture of the chitosan surface morphology. CK, OK, AuM, PdL elements
were determined all chitosan samples. NaK, MgK were determined to
Ro-chitosan, An-chitosan. Only PK were determined to An-chitosan.

The characterization of Ro-chitosan, An-chitosan and commercial
chitosan were performed by FTIR (Figure 2). FTIR spectrum of Ro-
chitosan showed 10 evident peaks as 3293 cm™%, 2918 cm?,
1633cm™ Y, 1576cm™? ve 1465cm !, 1379cm !, 1148 cm Y,
1078 cm~ 1, 1013 cm ™%, 551 cm~1. These values of An-chitosan were
determined as 3267 cm~%, 2931 cm™?%, 1642 cm™%, 1555cm~* ve
1412cm™, 1370cm %, 1149 cm™!, 1074cm™?, 1030 cm?,
557 cm~ L. Considering the spectrum of commercial chitosan are
found to be 3982 cm™?, 1185 cm™?, 687 cm~1. A wide absorption
band in the range of 3200-3600 cm~! is demonstrated by O-H vibra-
tion tensional. The peaks around 2900, 1600, 1300 and 1100 cmtin
the chitosan FTIR spectrum are due to an aliphatic C-H, amide |
(NH deformation-NHCOCHj3), amide Il, amide Ill and C-O vibrational
tensional bonds, respectively. In general, the presence of chitosan
appears in the peaks between 3000 and 3500 cm~! (NH bond) and
1400-1650 cm~* (C=0 bond) bands.

The deacetylation degree of chitosan has a great influence on
many parameters, especially its solubility. Chitosan is obtained as a
result of a certain degree of deacetylation of chitin (60% and above)
(Vilchez et al., 2005). The percentage of deacetylation degree of Ro-
chitosan and An-chitosan were determined as 68.34% and 50.33%,
respectively. 100% deacetylation degree is rare in chitosan production.

DSC thermograms of Ro-chitosan, An-chitosan and commercial
chitosan are shown in Figures 3-5. DSC thermogram of Ro-chitosan a
wide endothermic peak was detected in the range of 76.05-122.94°C
and a wide exothermic peak in the range of 264.70-301.82°C. Wide
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FIGURE 1 SEM images of Ro-chitosan (a), An-chitosan (b) and commercial chitosan (c).

TABLE 2 EDX results of fungal and commercial chitosan

Ro-chitosan An-chitosan Commercial chitosan
Element Weight% Atomic% Element Weight% Atomic% Element Weight% Atomic%
CK 33.75 54.98 CK 45.58 71.98 CK 9.70 30.59
OK 26.07 31.36 OK 10.31 12.22 OK 15.74 37.26
NaK 1.31 1.10 NaK 4.75 3.92 NK 3.15 8.53
MgK 0.34 0.27 MgK 1.62 1.26 CIK 551 5.89
AuM 7.78 0.76 AuM 12.44 1.20 AuM 34.95 6.72
PdL 7.79 141 PdL 11.19 2.00 PdL 30.95 11.02
CaK 22.96 11.02 CaK 8.81 4.17

PK 5.30 3.25
s o
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FIGURE 2 The FTIR spectrum of Ro-chitosan, An-chitosan and commercial chitosan.
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FIGURE 4 DSC termogram of An-chitosan.

endothermic peaks were detected between 189.14-238.58 and
247.38-302.40°C in the DSC thermogram of An-chitosan. Wide
endothermic peaks between 91.52-135.34 and 166.71-235.79 °C
and an exothermic peak at 278.29-311.09°C were determined in the
DSC thermogram of commercial chitosan.

3.3 | Cytotoxicity of fungal chitosan

Cytotoxicity of Ro-chitosan was determined by MTT assay on
HDFa. The cell viability was higher than the control group at all
concentrations for all time periods. All dose of sample showed

high cell viability and no cytotoxicity was observed (Figure 6).
High cell viability was observed 375 ug/ml concentration at
24 and 48 h periods and 187.5 pg/ml concentration at the 72 h. If
the concentration is above these concentrations, cell viability

decreased compared to the control group.
3.4 | Morphology and physicochemical properties
of electrospun chitosan based nanofibers

The images of the SEM analyzes of the electrospun nanofibers

obtained from the formulations specified in Table 1 are shown in
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FIGURE 6 Cell viability of Ro-chitosan on HDFa cells for 24 (a), 48 (b), 72 h (c).

Figure 7. Among the electrospun formulas in Table 1, the F, for-
mula which has the lowest average fiber diameter, the most uni-
form morphological structure and no beads structure were
observed and F4 formula was found more suitable than other for-
mulas. Therefore, characterization studies were performed with F4
formula and Fs formula was used as a control. It has been deter-
mined that this F4 and Fs nanofiber structures were resistant to
shrinkage, flexible and can be easily removed from the surface on
which it is formed, without breaking down. Smooth nanofibers
diameters determined to have an average fiber diameter of 100-
120 nm. The nanofibers obtained from F4, F,, F5 were evaluated as
heterogeneous and irregular structures that contain large amounts

of bead structures. The nanofibers obtained from F, and F5 were

determined that the general homogene mesh appearance and very
smooth and thin structure.

The nanofibers that obtained from F3, F4 Fs formulas were
removed from the surface on which it is formed but the others formu-
las were not removed on surface (Figure 8).

The FTIR spectrum of Ro-chitosan + PCL nanofiber (F,) and com-
mercial chitosan + PCL nanofiber (Fs) are shown in Figure 9. There
were no significant differences determined between F; and Fs
nanofiber.

XRD is commonly used to determine the crystalline nature (Jana
et al., 2014). XRD patterns of Ro-chitosan + PCL nanofiber is shown
in Figure 10. Acording to test result there was significant weakening
of characteristic peaks of PCL at 21.1° and 23.4°. Characteristic peaks
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FIGURE 7 The images of the SEM analyzes of the electrospun nanofibers obtained from the formulations specified in Table 1.
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FIGURE 8 The nanofibers that obtained from F3 (a), F4 (b), F5 (c) formulas.

of chitosan at 10.08° and 19.0° were seen in the Ro-chitosan + PCL
spectrum. This is a clear indication for the formation of chitosan pro-
duced from R. oryzae NRRL 1526. The XRD pattern Ro-chitosan is
shown in Figure 10.

Also in this study, nanofibers that obtained from F4 and Fs were
analyzed for swelling percentage. % swelling rate of nanofibers were
increased rapidly in the first hour then swelling rate of nanofibers
increased more slowly and swelling rate fixed in 180-220 min. Acord-
ing to test results it was determined that Ro-chitosan + PCL nanofi-
ber relatively higher swelling rates than PCL + commercial chitosan

nanofiber (Figure 11).

4 | DISCUSSION

Chitin and chitosan are an integral part of the fungal cell wall of cer-
tain fungi. Several yeasts and fungal species have been previously
investigated for chitosan production (Cardoso et al., 2012; Muslim
et al., 2018). The chitosan obtained from fungal strains shows better
uniformity in molecular weight, low polydispersity index and degree
of deacetylation. Moreover, extraction of chitosan from fungal
sources require less amount of chemicals as only mild conditions are
needed for extraction and do not require stages, such as demineraliza-

tion and depigmentation. Hence, producing a lower amount of toxic
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FIGURE 10 XRD spectra of Ro-chitosan + PCL nanofiber.

waste can be considered as a greener alternative. Pochanavanich and
Suntornsuk (2002), evaluated the production and characterization of

fungal chitosan (Pochanavanich & Suntornsuk, 2002). They showed

that R. oryzae TISTR3189 strain could produce high amount of chito-
san. In another study, Cardoso et al. (2012) characterized by obtaining

fungal chitosan from R. arrhizus. Gachhi and Hungun (2018) isolated
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and characterized chitin-chitosan from R. oryzae. In present study;
chitosan polymer was successfully obtained from R. oryzae NRRL
1526 and A. niger ATCC 16404 and characterization were carried out.
The reason for choosing these species is that high chitosan production
efficiency as a result of literature review (Abeer Mohammed, 2018;
Sebastian et al., 2019). Abeer Mohammed (2018) investigated antimi-
crobial activity of chitosan that obtained from A. niger ATCC 16404
and percentage of chitosan yield was to be about 10%. In present
study, the percentages of Ro-chitosan and An-chitosan were deter-
mined as 18.6% and 12.5%, respectively. In previous study Dhanash-
ree et al. (2018) the maximum vyield of chitosan (0.288 g/L) from
R. oryzae NCIM 877 was obtained after 9 days of incubation. It is
believed that the genetic singularity of the fungal species is responsi-
ble for the chitosan yield difference.

Acording to present results of SEM analyses, it was observed that
fungal chitosan samples have amorphous structure. This is important
feature of chitosan surface morphology. There are no significant differ-
ences determined between fungal chitosans and commercial chitosan.

Abeer Mohammed (2018) investigated tha antimicrobial activity
of chitosan that obtained from A. niger. As a result of the FTIR analysis
of the chitosan six large peaks were determined. Among these peaks,

1 and

the largest of them were determined as 3455.81 cm™
1638.23 cm ™! wavelengths. They stated that these peaks were asso-
ciated with hydroxyl and amide groups. Other peaks were found as
2102.99 cm™%, 1410.67 cm~%, 1083.8 cm~* and 546.72 cm ™. The

1 indicated the presence of CHg

peak in the range of 1410.67 cm™
methyl groups. This peak is associated with N-H deformation and indi-
cates the degree of purity of chitosan. The literature for spectral ana-
lyses supports the infrared transmission spectral profile of extracted
chitosan. Thus, the product is confirmed to be chitosan. Previous
studies have showed that the percentage of N-acetyl glucosamine is
higher in chitin and is lower in chitosan (Shelma & Sharma, 2011) The
DD% is an important material and functional property of chitosan
(Pochanavanich & Suntornsuk, 2002). In present study, deacetylation
degree of Ro-chitosan and An-chitosan were determined as 68.34%
and 50.33%, respectively. The results were slightly different from
Pochanavanich and Suntornsuk (2002) reported that the percentages
of chitosan yield and the deacetylation degree of chitosan obtained

from Rhizopus oryzae TISTR3189 were determined as 14 and 87.9,

respectively Similar to present study Dhanashree et al. (2018) the
degree of deacetylation of chitosan from Rhizopus oryzae NCIM
877 were determined as 72.51.

DSC thermogram of Ro-chitosan revealed that it had a broad
endothermic peak at 76.05-122.94°C and a broad exothermic peak at
264.70-301.82°C. A wide endothermic peak at 90-100°C was dem-
onstrated that bound water molecules lost in sample. In addition, a
sharp endothermic peak at 240°C showed that termal degradation of
sample (Ferrero & Periolatto, 2012; Shelma & Sharma, 2011). Also,
exothermic peak at 300°C asociated with the degradation of glucos-
amine (Orrego & Valencia, 2009).

According to percentage of chitosan yield and the results of char-
acterization studies, Ro-chitosan was selected for subsequent studies.
One drawback of pure chitosan as a biomaterial is its insufficient
mechanical strength and lack of structural stability in aqueous environ-
ments due to swelling. Blending chitosan with the synthetic, biocom-
patible polymer, PCL, vyields a copolymer blend with cell affinity,
enhanced strength and stability as well as spinnability (Bhattaria
et al,, 2009; Jing et al. 2015; Prasad et al., 2015). In this study, Ro-
chitosan based polymer solutions were prepared by adding different
substances like as PVA, PCL and PEO to obtained electrospun nanofi-
bers. Acording to SEM images the nanofiber structures were found to
be beaded, non-beaded, smooth and non-uniform networks structures.
For this reason, the most suitable nanofiber structure was obtained by
using different electrostatic spinning parameters. Characterization stud-
ies of the most suitable nanofiber (F, formula) were carried out. Ro-
chitosan + PCL nanofiber (F4) was determined to be thin, bead-free,
uniform fiber structure, flexible and easily remove from surface and tak-
ing the shape of the area. Thus, it was thought that it could be used as
a wound dressing or a scaffold. PCL is a durable material gives it the
ability to protect its form against external effects to the wound dressing
being developed. Although clear data on the breaking strength and
breaking elongation values of the nanofiber cannot be obtained, the
fact that the nanofiber is not ruptured is an evidence that this is durable
material. It is desired that the wound dressings have a high water hold-
ing capacity, as in our swelling test results showed that nanofibers with
the desired properties could be obtained.

Dhanashree et al. (2018), characterization of chitin and chitosan
from R. oryzae NCIM 877 were performed using FTIR and XRD
methods. The prominent diffraction peak exhibited at 26 = 13 and
20° are corresponding to the (020) and (110) plane of the semi-
crystalline chitin and chitosan. This is a clear indication for the forma-
tion of chitin and chitosan produced from R. oryzae. In another study
Jana et al. (2014) characterization of chitosan + PCL nanofiber was
carried out by SEM, FTIR, XRD methods. Acording to XRD results
there was significant weakening of characteristic peaks of PCL at
21.1° and 23.4°. Characteristic peaks of chitosan at 10.08° and 19.8°
were seen in the chitosan + PCL spectrum. In present study, there are
no significant changes observed between FTIR spectrums F4 and Fs
nanofibers.

Chitosan is more hydrophilic than PCL, which is hydrophobic,
whereas blending of these two polymers changes the swelling ratio of

nanofibers. PCL is biocompatible and biodegradable polymer which
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can be electrospun easily at low voltages and is able to provide
required scaffold mechanical resistance. The mechanical properties of
the scaffolds are related to the swelling of the scaffolds. Since the
nanofiber wound dressing designed in this study is considered a
wound contact layer, it was desired to have a high water-holding
capacity (Jin et al., 2016). The high swelling ratio of the developed
wound dressing model has desired properties for wound dressings.
Also, the swelling is the sign that the body's immune system is work-
ing properly and repairing wound. F4 nanofiber showed the relatively
higher swelling compared to the Fs nanofiber. The combination of
PCL and chitosan polymers produced nanofiber structure that are
hydrophilic, have high mechanical strength and longer degradation
rates (Neves et al., 2011).

5 | CONCLUSIONS

In this study, chitosans were obtained from Rhizopus oryzae NRRL
1526 and Aspergillus niger ATCC 16404. According to percentage of
chitosan yield and the results of the characterization studies, chitosan
that obtained from Rhizopus oryzae NRRL 1526 was selected for sub-
sequent studies. The results of characterization analysis of the fungal
chitosan were revealed that the obtained biopolymer is actually chito-
san and this polymer is usable for pharmaceutical areas and biotech-
nological applications. Also, the electrospun nanofiber that blends
fungal chitosan and PCL polymers were fabricated successfully. The
results of morphology and physicochemical properties of electrospun
chitosan based nanofiber indicated that wound dressing models which
combine the important intrinsic biological properties of chitosan and
the mechanical integrity and stability of PCL were used as a potential
wound dressings for tissue regeneration. The fungal chitosan/PCL
nanofiber structures have significant potential in promoting tissue
regeneration and physical properties of nanofibers such as fiber diam-
eter, swelling rate, and surface area as well as scaffold porosity and

stiffness.
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