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Abstract. Polymeric electrospun fibers present well-design scaffolds for wound healing applications. Here, 

the fabrication of biobased polyurethane (PU) blend fibers containing curcumin (Cur) was reported. Not only 

polymer concentration but also curcumin concentration affects the morphology, diameter, and contact angle 

values of the fibers. Morphological investigations revealed that the diameter and hydrophilicity of the PU 

fibers increased upon addition of curcumin. Effect of process parameters (applied voltage, flow rate, and tip-

to-collector distance) on the average diameter and the hydrophilicity of the PU and PU/Cur fibers were 

examined. Optimum conditions to obtain uniform and bead-free PU/Cur fibers were determined as 12.5 kV, 1 

mL/h, and 17 cm. This study demonstrates that the electrospinning process provides a simple way of 

obtaining bioactive agent loaded fibrous scaffolds, as well as contributing to a better understanding of the 

effect of process variables in the fabrication of PU/Cur blend fibers for wound healing applications. 

Keywords: Biomaterials, bio-based polyurethane, curcumin, electrospinning, fibers, wound healing. 

Kurkumin Yüklü Biyo-Bazlı Elektroeğirme Poliüretan Yapılar 

Özet. Polimerik elektroeğirme lifler, yara iyileşme uygulamaları için iyi tasarımlı iskeleler sunmaktadır. 

Burada, kurkumin (Cur) içeren biyobazlı poliüretan (PU) karışım liflerin üretimi rapor edilmektedir. Yalnızca 

polimer konsantrasyonu değil, aynı zamanda kurkumin konsantrasyonu, fiberlerin morfolojisi, çapı ve temas 

açısı değerlerini etkilemiştir. Morfolojik araştırmalar, PU liflerinin çapının ve hidrofilikliğinin kurkumin 

ilavesi üzerine arttığını ortaya koymuştur. Proses parametrelerinin (uygulanan voltaj, akış hızı ve uçtan 

toplayıcıya mesafe) PU ve PU/Cur liflerinin ortalama çap ve hidrofilikliği üzerindeki etkileri incelenmiştir. 

Homojen ve boncuksuz PU/Cur lif elde etmek için optimum koşullar 12.5 kV, 1 mL/s ve 17 cm olarak 

belirlenmiştir. Bu çalışma, elektroeğirme işleminin, biyoaktif madde yüklü lifli iskeleleri elde etmenin basit 

bir yolunu sağlamasının yanı sıra, PU/Cur karışım liflerinin imalatında yara iyileşmesi uygulamaları için 

işlem değişkenlerinin etkisinin daha iyi anlaşılmasına katkıda bulunduğunu göstermektedir. 

Anahtar Kelimeler: Biyomalzemeler, biyo-tabanlı poliüretan, kurkumin, elektroeğirme, lifler, yara iyileşmesi 

 

1. INTRODUCTION 

Along with the increased role of nanotechnology 

in multidisciplinary research, electrospinning 

technique has become a significant step in the 

fabrication of nano/microfibers. This technique 

provides the fabrication of fibrous mats from 

both organic and/or inorganic materials and finds 

their potential applications in the field of 

biosensors, drug delivery, tissue engineering, and 

wound dressing. Electrospun scaffolds mimic 

extracellular matrix (ECM) since it has a fiber-

like structure with a highly effective surface for 
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adhesion and cell growth. It is well known that an 

ideal scaffold should act like an ECM, as 

structural and biological functions, which is 

responsible of regulating cellular activities and 

mechanical support.  

Many biomaterials such as alginate, cellulose, 

chitosan, collagen, and poly (ε-caprolactone) are 

promising for biomedical applications [1]. 

Medicinal plant extracts, spices, and essential oils 

have also been used as biologically active agents 

for personal care, pharmaceuticals, and food-

processing applications [2-4]. Curcumin (Cur) is 

one of the most widely used spices for the 

treatment of many inflammatory wounds and 

other diseases [5]. Cur, which is obtained from 

the rhizomes of Curcuma longa, has most of the 

pharmaceutical properties such as antioxidant [6], 

anti-inflammatory [7], hypoglycemic effect [8], 

antitumor [9], anti-HIV [10], induces apoptosis 

of damaged hepatocytes[11] and wound healing 

activities [12].  

There are many researchers working on 

electrospun nanofibers to develop scaffolds for 

wound dressing and tissue engineering [13-15]. 

Dhurai et al. [16, 17] fabricated the Cur-loaded 

chitosan and chitosan/PLA nanofibers, and tested 

their suitability for wound healing. The results 

showed the reduction of wound area due to the 

presence of both Cur and chitosan.  Cur-

incorporated electrospun nanofibers of a blend of 

poly (lactic acid) (PLA) and hyperbranched 

polyglycerol (HPG) were used for a potential 

wound patch dressing for acute and chronic 

wound dressing [18]. Fabrication of Cur-loaded 

poly(3-hydroxy butyric acid-co-3-hydroxy 

valeric acid) (PHBV) nanofiber-based wound 

dressing materials was reported by Mutlu et al. 

[19], who found that PHBV and PHBV/Cur 

nanofibers enhanced the cell attachment and 

proliferation. Shababdoust et. al. [20] described 

the fabrication of Cur-loaded polycaprolactone 

(PCL) (with two different molecular weights; 

2000 and 530 Da)-based polyurethane (PU) 

substrate. They demonstrated that Cur-loaded PU 

synthesized by PCL with a molecular weight of 

2000 Da showed better mechanical properties as 

well as better antibacterial properties for wound 

dressing applications. Sedhgi et.al. [21] 

fabricated electrospun nanofibers with using 

graphene oxide (GO) and Zn-Cur complex, and 

they investigated the capacity of the Zn-Cur 

scaffolds for bone regeneration. They reported 

that the Zn-Cur composite nanofibers with 

advanced osteogenic capacity and 

cytocompatibility were promising for bone tissue 

engineering. In a very recent work, Li et. al [22] 

have presented the formation of the sandwich 

structure composite (SSC) membranes which 

have three layers, including polyvinylidene 

fluoride fibrous layer (bottom), Cur/PLA 

microsphere layer (middle), and the 

enrofloxacin/PLA fibrous layer (top), 

respectively. The drug-loaded SSC membranes 

showed a precise antioxidant activity against •OH 

and diphenyl picryl hydrazinyl (DPPH) free 

radicals, and antibacterial activity against 

Staphylococcus aureus, Escherichia coli, 

Streptococcus pneumonia, Pseudomonas 

aeruginosa, and Candida albicans.  

Electrospun fibers also provide some advantages 

such as cost-effective, high surface area, high 

loading or encapsulation capacity, and the 

increased bioavailability of the drug [23]. From 

the structural point of view, processing, solution, 

and environmental parameters affect the 

morphology of the fibers formed. The fabrication 

of electrospun nanofibers from biopolymers is 

preferred because of their biocompatibility, 

biodegradability, non-toxicity, and antimicrobial 

activity [24, 25]. PU is one of the most 

commonly used polymers in electrospinning 

because of its good barrier properties, oxygen 

permeability, biocompatibility, and easy 

availability, and it has been studied as a wound 

dressing material for many years [26]. The fiber 

scaffolds we present in this paper are electrospun 

from a blend of Cur and bio-based polyurethane 

(PU) in N, N-dimethylformamide (DMF) as a 

solvent. This study demonstrates that 

electrospinning provides a simple way to obtain 

fibrous scaffolds containing bioactive agents and 

can also contribute to a better understanding of 

the effect of process variables on the fabrication 
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of PU/Cur blend fibers for further use in wound 

healing applications.  

2. MATERIALS AND METHODS 

Materials 

Bio-based polyurethane (PU) with a product 

name of (Pearlthane® ECO D12T85, Lubrizol) 

was used as a raw material for biopolymer matrix 

and N, N-dimethylformamide (DMF, Sigma-

Aldrich) was used as a solvent. Curcuma longa 

(Turmeric) (Cur, Sigma) was added as a 

bioactive agent. All the reagents were used 

without further purification. 

Preparation of the Electrospinning Solutions 

The polymer solutions were prepared by 

dissolving the PU in DMF at the concentrations 

of 5, 10, 12.5, and 15 wt% under magnetic 

stirring for 24 hours at room temperatue. Cur was 

added at the different concentrations (1, 5, and 10 

wt%) into the 12.5 wt% PU solutions and left for 

24 hours under stirring.  

Fabrication of PU and PU/Cur Scaffolds 

PU and PU/Cur fibers were fabricated via a 

commercial electrospinning platform (Inovenso 

Basic Setup) covered with a polycarbonate 

cabinet for safety and avoiding from air 

convection.  

The solutions of PU and PU/Cur were filled in 

the 5 mL plastic syringes. The positive electrode 

was applied to the spinneret; a rectangular 

stainless-steel plate was used as a collector which 

was covered by an aluminum foil for counter 

electrode. Electrospinning of the solutions was 

performed with a flow rate of 1.0─1.5 mL/h, 

applied voltage of 10─15 kV, and tip-to-collector 

distance of 14─20 cm. The electrospinning 

parameters are given in Table 1. The working 

conditions were performed at ambient conditions. 

(55% RH, 25 ºC). 

 

Table 1. Electrospinning parameters used to fabricate the PU and PU/Cur fibers. 

Solutions (wt%) Applied voltage (kV) Flow rate          (mL/h) Tip-to-collector distance (cm) 

PU (5, 10, 12.5, and 15) 12.5 1.00 17.0 

PU (12.5) / Cur (1, 5, 10) 12.5 1.00 17.0 

PU (12.5) / Cur (5) 10.0 – 12.5 – 15.0 1.00 – 1.25 – 1.50 14.0 – 17.0 – 20.0 

 

Characterization of PU and PU/Cur Scaffolds 

To determine the surface morphology of the 

fibers, scanning electron microscopy (SEM) was 

performed using Carl Zeiss 300 VP and fiber 

diameters were calculated by Fiji ImageJ 

software. In order to evaluate the hydrophilicity of 

the fibers, the water contact angle (CA) was 

measured by a Theta Lite Optical Tensiometer, 

(Finland). Sessile drops of 4 µL of water were 

deposited on the surface of the fibrous scaffolds 

and the measurements were conducted at least 

three different sample areas and averaged for each 

sample. X-ray diffraction (XRD) patterns of fiber 

samples were recorded in a Philips X’Pert Pro X-

ray diffractometer using CuKα radiation (λ= 

1.5418 Å). Fourier transform infrared 

spectroscopy (FTIR, Thermo Scientific™ 

Nicolet™ iS™5) was performed for PU and 

PU/Cur blend fibers. 

3. RESULTS AND DISCUSSSON 

The optimization of fiber fabrication by 

electrospinning depends on various factors which 

affect the formation of fibers, including solution, 

process, and environmental parameters. PU and 

PU/Cur fibrous mats were fabricated by 

electrospinning PU and PU/Cur solutions in DMF 

with different PU and Cur concentrations. The 

effects of solution concentrations, applied voltage, 

flow rate, and tip-to-collector distance on the 

morphology of the PU and PU/Cur fibers were 

investigated.  The surface hydrophilicity was also 
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examined for further applications of the fibrous 

scaffolds as a wound dressing.  

Effect of PU and Cur Concentration  

Solvent type, solution concentration, viscosity, 

and conductivity are the important solution 

parameters for electrospinning. The stretching of a 

charged jet is significantly influenced by varying 

the electrospinning solution concentration. As a 

general rule, at low polymer concentration, the 

applied electrical field and surface tension lead to 

the disintegration of the entangled polymer chains 

and result in bead or beaded fiber formation [27]. 

As the concentration of the polymer in the 

solution increases, fiber diameter also increases. 

The increase in the fiber diameters can be 

attributed to the increase in viscosity of the 

electrospinning solution. When the enhanced 

chain entanglements overcome the surface tension 

of the droplet, uniformly distributed bead-free 

fibers can be obtained [28]. 

Figure 1 (a-d) shows the changes in morphology 

of the fibers with an increasing amount of PU in 

DMF. The low polymer concentration (5 wt%) 

resulted in the beaded fibrous structure (Figure 

1a). Furthermore, the bead density decreased with 

the increasing PU concentration beyond 5 wt% 

and bead-free fibers were collected. The average 

diameters and surface contact angles of PU fibers 

were demonstrated in Figure 1(e-f). The diameters 

of the fibers obtained from 5, 10, 12.5 and 15 wt% 

PU / DMF solutions are 250 ± 80, 370 ± 130, 480 

± 150, and 850 ± 250 nm, respectively. An 

exponential growth with the polymer content was 

observed, transferred PU content from tip-to-

collector was increased, and hence thicker fibers 

are obtained.  

The wettability of the PU fibers obtained from 5, 

10, 12.5 and 15 wt% PU / DMF solutions are 

measured as 72 ± 7°, 92 ± 4°, 94 ± 5°, and 96 ± 

3°, respectively. PU fibers exhibit a hydrophilic 

nature when the PU content is 5 wt%. As the 

concentration of PU increases from 10 to 15 wt%, 

the water contact angle increases, indicating the 

hydrophobicity. This can be explained by the 

changing ratio of adhesive forces (polymer-

solvent) and cohesive forces (solvent-solvent). 

When adhesive forces are less than cohesive 

forces, the contact angle is higher than 90 degrees, 

tends not to wet the surface of the scaffold [29]. In 

addition, taking the diameter of the PU fibers into 

consideration, it has been observed that the 

increment in the concentration affects not only the 

fiber diameters but also the porosity (originated by 

the fiber network) which may be related to the 

increase in hydrophobicity. 

 
Figure 1. SEM micrographs of PU fibers obtained from 

electrospinning a) 5 wt% , b) 10 wt%, c) 12.5 wt%, and d) 15 

wt% PU/DMF solutions. e) Average fiber diameter and f) 

contact angle of the fibers as functions of PU weight fraction. 

(Applied voltage: 12.5 kV, Flow rate: 1.00 mL/h, Distance: 

17 cm). 
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Besides PU fibers, Cur-loaded PU fibers were also 

fabricated. SEM micrographs as well as 

photographic images, average fiber diameters, and 

contact angles of the fibers are shown in Figure 2. 

The morphology of the fibers are smooth 

however, as Cur content is increased, non-

uniformly distributed bead-free fibers with larger 

diameters are obtained because of the increased 

viscosity. (Figure 2 (a-d)) Furthermore, higher 

Cur content results in fiber sticking together. The 

diameters of the blend fibers containing 0, 1, 5, 

and 10 wt% Cur are 480 ± 150, 525 ± 70, 960 ± 

210, and 780 ± 155 nm, respectively. (Figure 2e) 

When the Cur concentration is 10 wt%, solution 

viscosity can be considered above the optimum 

value for the fiber formation that Cur is no longer 

able to penetrate into the fiber. As already shown 

in the photographic images of the blend fibers, 

free droplets are observed around the fiber mat 

containing 10 wt% Cur. A similar trend was 

observed for the diameter of  curcumin-loaded 

PCL/chitosan [30], polyurethane [20] and 

cellulose acetate [14] fibers. The resultant thicker 

fibers with the addition of curcumin were 

attributed to the higher viscosity of the 

electrospinning solution and lower solvent 

evaporation rate. However, reduced diameter of 

the fibers with the increased curcumin content has 

also been reported by some researchers [19, 31]. 

The addition of curcumin leads to a decrease in 

the polymer concentration and enhance the 

conductivity of the blend solution, hence thinner 

fibers are obtained by overcoming the surface 

tension and stretching easily. This conflict may be 

interpreted as the differences in the used 

polymer/solvent combinations. Table 2 also 

includes the effect of curcumin addition on the 

properties of electrospun fibers for given system 

parameters. 

The contact angles of the blend fibers containing 

0, 1, 5, and 10 wt% Cur are 94 ± 5°, 90 ± 0.5°, 88 

± 1.4°, and 92 ± 1.7°, respectively. In general, the 

water contact angle relatively decreases with the 

addition of Cur, (Figure 2f) indicating that Cur has 

higher wettability than that of PU, due to the 

presence of hydrophilic functional groups. Fallah 

et al. reported that PCL/gelatin nanofibers became 

more hydrophilic by the incorporation of 

curcumin [32]. 

 

 

Table 2. Overview of the curcumin-loaded electrospun fibers in literature. 

Samples Curcumin content (%) Solvent AFD (nm) CA (º) 
Electrospinning 

parameters 
Ref. 

PLA  

10% (wt/v) 

PLA/HPG  

10/20 % (wt/v) 

10.0 Chloroform 

/methanol 

516±174 

 

 

601±194 

108±1 

 

 

113±3 

13-15 kV 

0.5 mL/h 

12 cm 

[18] 

PHBV 

10 % (w/v) 

0 

0.1 

0.3 

0.5 

Chloroform 

/DMF 

519±15 

304±94 

215±48 

207±56 

- 17 kV 

0.6 mL/h 

20 cm 

[19] 

PU2000 

20 (wt%) 

 

PU530 

30 (wt%) 

0 

5.0 

10.0 

0 

5.0 

HFIP 172±64 

256±110 

274±107 

200±80 

284±112 

85.8±2.6(film) 

 

 

97.0±1.2(film) 

20 kV 

0.5 mL/h 

21 cm 

[20] 

Almond gum/PVA 

8 % (w/w) 

 

Almond gum/PVA 

7 % (w/w) 

1.0 

2.0 

3.0 

 

4.0 

Water/ethanol 169±35 

151±28 

121±31 

 

127±29 

- 18 kV 

0.125 mL/h 

15 cm 

[31] 

PLA 

10 (wt%) 

0, 1, 3, 5, 7, 9, and 11 wt% Chloroform 

/acetone 

1500-900 - 18 kV 

0.5 mL/h 

12 cm 

[33] 

 

 

 



 

  

130 Horzum Polat, Arık Kınalı / Cumhuriyet Sci. J., Vol.40-1 (2019) 125-135 

 

Figure 2. SEM micrographs and photographic images of the PU and PU/Cur fibers different curcumin concentrations a) 0 
wt%, b) 1 wt%, c) 5 wt%, and d) 10 wt%.  e) Average fiber diameter and f) contact angle of the fibers as functions of curcumin 
weight fraction. (Applied voltage: 12.5 kV, Flow rate: 1.00 mL/h, Distance: 17 cm, PU content in PU/Cur fibers: 12.5 wt%). 

 

Effect of Electrospinning Parameters on the 

PU/Cur fibers 

Processing variables such as applied voltage, flow 

rate, and tip-to-collector distance need to be 

considered for the fabrication of fibers. The size 

and hydrophilicity of the PU/Cur fibers are 

summarized in Table 3.  

Applied voltage has a significant effect on the 

diameter of the PU/Cur fibers. The average fiber 

diameter increases from 730±160 to 1115±225 nm 

when the applied voltage rises from 10.0 to 15.0 

kV, respectively. This applied electric field 

dependent increase can be explained as more 

polymer ejection and formation of large diameter 

fibers. Fallah et al. [32] showed that 

PCL/gelatin/curcumin nanofibers have an 

increasing diameter with the increasing voltage 

ranging from 10 to 20 kV. In another example, 

Hoang et al. [30] reported the increased diameter 

of PCL/chitosan fibers with respect to the applied 

voltage (15, 18, and 24 kV), pointing out the 

higher electrostatic force results in the multi-jet 

formation, hence the multiple fibers can stick each 

other and form thicker fibers. It can be noted that 

applied voltage affects not only the fiber diameter 

but also the hydrophilicity of the fibers, as shown 

by the contact angle values. Fibers with larger 

diameter resulted in a larger contact angle. Since 

more uniform and the least hydrophobic fibers 

were obtained at 12.5 kV, this value was selected 

to investigate the other variables in this study.  
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Using different solution flow rates ranged 

between 1.00 and 1.50 mL/h, not any particular 

trend was observed in the diameter and contact 

angle value of the PU/Cur fibers. The diameters of 

the PU/Cur fibers showed first an increase then a 

decrease, this is probably due to the ejection of 

more solution from the needle, however, when the 

voltage is constant if electrical field is not enough 

for stretching of the solution, some of the 

solutions coming out of the needle tip drops and 

cannot reach the collector [32]. That is, a 12.5 kV 

applied voltage is not sufficient to transport all the 

solution moving at a rate of 1.50 mL /h to the 

collector. Therefore, the optimum flow rate was 

determined as 1.00 mL/h, at least under the ranges 

employed in this study. 

As it is usually the case, increasing the distance 

between the needle tip and collector caused a 

decrease in the average fiber diameter. When the 

distance increases, the time for the formed fiber to 

reach the collector as well as the evaporation of 

the solvent increases, which leads to the 

elongation and thinning of the fibers [34, 35]. The 

average diameter of the PU/Cur fibers fabricated 

at an applied voltage of 12.5 kV and a flow rate of 

1.00 mL/h was shown to reduce around 30% with 

increasing the distance. On the other hand, 

varying the distance did not show any obvious 

effect on the contact angle values of the PU/Cur 

fibers. 

Taking the process variables employed in this 

study into consideration, optimum conditions for 

PU/Cur fibers were determined as 12.5 kV, 1 

mL/h, and 17 cm. Therefore, these parameters 

were kept constant for further characterization of 

the fibers obtained from 5wt% Cur containing 

12.5 wt% PU/DMF solution.  

 

Table 3. Electrospinning parameters, average fiber diameter and contact angle values of PU/Cur fibers. (PU content: 12.5 wt%, 
Cur content: 5 wt%).  

Parameters AFD (nm) Contact Angle (º) 

Applied voltage  
(kV) 

10.0 Flow rate: 1.00 mL/h 
Tip-to-collector distance: 17 cm 

730 ± 160 91 ± 1.0 

12.5 960 ± 210 90 ± 1.1 

15.0 1115 ± 225 109 ± 2.5 

Flow rate 

(mL/h) 

1.00 Applied voltage: 12.5 kV 

Tip-to-collector distance: 17 cm 

960 ± 210 90 ± 1.1 

1.25 1235 ± 125 91 ± 1.0 

1.50 955 ± 195 93 ± 2.0 

Tip-to-collector distance (cm) 14.0 Applied voltage: 12.5 kV 
Flow rate: 1.00 mL/h 

1390 ± 285 96 ± 1.5 

17.0 960 ± 210 90 ± 1.1 

20.0 1000 ± 215 108 ± 2.0 

 

Structural Characterization of the PU/Cur 

fibers 

X-ray diffraction (XRD) also proved the presence 

of curcumin particles in the PU fibers, as shown in 

Figure 3. The diffraction halo between 15° and 

30° are attributed to semi-crystalline phase of the 

PU [36]. PU/Cur fibers have new diffraction 

signals at 22° and 25°, which indicates the 

curcumin [31, 37]. It is noteworthy to mention 

that although pure curcumin has a number of 

reflections between 10 and 30°, [31, 37] the 

crystalline nature of curcumin in the fibers 

decreases because of rapid solidification during 

the electrospinning preventing the stretched 

molecular chains to form ordered crystal 

structures [13, 38]. 
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Figure 3. XRD patterns of of PU and PU/Cur fibers (PU 

content: 12.5 wt%, Cur content: 5 wt%, Applied voltage: 12.5 

kV, Flow rate: 1.00 mL/h, Distance: 17 cm). 

 

 

Figure 4 shows the FTIR spectra of the PU and 

PU/Cur fibers with the chemical structures of PU 

and Cur. The characteristic absorption bands of 

PU were observed. These are C = O (amide I) 

stretching at 1729 cm−1, O─C─N (amide II) 

stretching at 1530 – 1595 cm−1, N─H (amide III) 

bending at 1260 cm−1 and N─H stretching 

vibrations at 3330 cm−1. The bands appeared at 

2927 – 2846 cm−1 due to the CH2 stretching, C─N 

and C─O stretchings at 1226 cm−1, C─O─C 

symmetric stretching vibrations at 1166 cm−1 [39]. 

(Figure 4a) The band around 3510 cm−1, which is 

attributed to the characteristic phenolic OH 

stretching vibration, was prominent in the PU/Cur 

(10 wt%) fibers. The disappearance of this 

stretching vibration with decreasing curcumin 

concentration and the broadening at around 3550 

– 3150 cm−1 may be attributed to the formation of 

a hydrogen bond between curcumin and PU [28, 

32]. (Figure 4b) Moreover, the strong stretching 

vibrations of the benzene ring at 1625 cm−1 and 

the olefinic C─H bending vibration at 1452 – 

1420 cm−1  appeared in the PU/Cur (10 wt%) 

fibers. The bending vibrations of the enol C─O 

band at 1270 cm−1 and the C─H bond of the 

alkene groups at 966 cm−1 were detected [28]. 

(Figure 4c) 

 

Figure 4. (a) FTIR spectra of the PU and PU/Cur fibers,  (b) and (c) show the enlarged view of the spectra.  
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4. CONCLUSION 

We have shown a simple method to fabricate 

curcumin-loaded polyurethane (PU/cur) fibrous 

scaffolds, which can be further used as a wound 

dressing. the fiber diameters of the pu fibers 

ranged from 250 to 850 nm, PU/cur fibers ranged 

from 525 to 960 nm. the fabrication of fibrous 

scaffolds containing with the desired properties is 

promising for the advancement of the biomaterials 

to be used in various biomedical healthcare 

sectors. ın addition, bioactive agents (such as 

herbal extracts, essential oils) may be good 

alternatives to the chemical based materials. a 

detailed study dealing with various essential oils, 

controlled bioactive agent release, cell 

proliferation, and cytotoxicity tests is underway.  
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