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Abstract 

Polymeric nanofiber readies an appropriate circumstance for enzyme immobilization for assortment of 
utilizations. In this examination, we’ve got made up polyvinyl alcohol /polyacrylonitrile (PVA/PAN) 
nanofibers utilizing electrospinning. After fabrication of nanofibers, the impact of atmospheric pressure 
air dielectric barrier discharge plasma (DBD) on PVA/PAN nanofibers were investigated in various times. 
Among them, 6min treat by air DBD plasma had the most significant impact on glucose oxidase (GOx) 

immobilization. Attenuated total reflectance-Fourier transform infrared (ATR-FTIR) spectrographic 

analysis and hydrophilic capacity and contact angle results uncovered that if there should arise an 

occurrence of DBD plasma modified nanofibers, the carboxyl bounds on a superficial level are expanded. 
The scanning electron microscopy (SEM) pictures indicated that, after GOx immobilization, the modified 
nanofibers with plasma has held its nanofiber structure. At last, we examined reusability and storage 

stability of GOx immobilized on plasma modified and unmodified nanofibers. The results were additional 
satisfactory for modified nanofibers with relevance to unmodified ones. 

Key words: nanofiber, enzyme immobilization, atmospheric pressure air dielectric barrier discharge 

plasma (DBD), reusability, storage stability 

 

Introduction 

The applicability of nanofibers to daily life is undeniable. Nanofibers can be defined as a fiber which are 

smaller than 1,000 nm can be considered as nanofibers according to [1,2]. Due to the fact that nanofibers 

have high surface to volume ratio, porous structure, small pore size, and proper mechanical resistance, 



they have several advantages compared to common textile fibres [3,4]. As the mentioned feature of 

nanomaterials, they have become a considerable option for using in areas such as filtration [5,6], wound 

dressing [7], tissue engineering [8], artificial vessels [9], drug delivery systems [10], acoustic materials 

[11], cosmetics [12], lithium ion batteries [13], distillation [14], and desalination [15] and enzyme 

immobilization [16]. Among variety of distinctive strategies of polymeric nanofiber generation, 

electrospinning is additionally favored to other approaches since it has less value and ease among their 

capability of manufacturing long and ceaseless strands with submicron scale as straightforward as 

potential. [17]. Actually all nanofiber structures are naturally hydrophobic but depend on existent and 

number of polar group on nanofibers surface, they attract to water which have considered as hydrophilic 

nanofibers. Increasing the hydrophilic properties of nanofibers will improve the biocompatibility and 

permeability of nanofiber layers for water filtration [18], microfiltration [19], seeding or attaching the 

cells and enzymes on the surface of the layer [20], moisture absorbing [21], the release of proteins [22], 

and so. According to research, the polymer mixture of polyvinyl alcohol (PVA) and poly acrylonitrile 

(PAN) polymers in various ratios are used widely in producing the organic fibers by electrospinning, 

which have combined advantages of both of polymers in the applications. In our recent study have 

attempted to find the best ratio of PVA and PAN for fabrication [23,24]. In recent decade, biomedicine 

and biosensors have significant advances and enzyme has since become widely used in these fields. 

Enzyme efficiency and features of bio-catalyst are greatly dependent on immobilization method and 

choosing proper substrate for immobilization [25,26]. Numerous researches have centered on various 

strategies (e.g. cross-linking with aromatic tri-isocyanates, UV or gamma irradiation, etc.) to immobilize 

enzymes on distinctive supports and have driven to applicable biosensors [27]. In other hand, the efficient 
immobilization of enzymes on the surface is one of the foremost challenges in developing enzyme-based 

biosensors. Between distinctive enzymes, glucose oxidase (GOx) is one amongst the main choices for 

checking the enzymatic behavior on the immobilized substrate [28]. The main known methods for 

immobilize enzymes are physical adsorption, covalent bonds to water-insoluble functionalized polymers 

(i.e., organic or inorganic polymers) or entrapment/encapsulation [29]. Among these methods, adsorption 

is more commercial than other methods because of its simpler and less expensive process, retaining a high 

catalytic activity, and the possibility of over and over reusing scaffold after inactivation immobilized 

enzymes which could be considered as the most important advantage of this method [30]. Consequently, 

enzyme immobilization through adsorption needs a powerful interaction like hydrophobic or ionic 

interaction between the enzyme and scaffold [31]. Chemical features of the surface, i.e. functional groups 

on the surface is one of the basic variables in the rate of enzyme absorption by polymer surfaces. Due to 

demonstrating and enhancing the covalent immobilization of diverse bioactive molecules, appropriate 

functional group on the surface could be arrange [32]. Accordingly, for expanding the rate of enzyme 

immobilization, functional groups on polymer surface must be modified. Polymers are almost classified 

by low surface energy and thus low adhesive properties [33].  Modifying the polymer surfaces to improve 

physicochemical polymers properties can ensure proper adhesion between polymer and a coating. There 

are diverse methods to modify polymer surfaces to serve different purposes such as biocompatibility, 

wettability and functionality for biological applications. These methods can be classified to physical, 

chemical and mechanical methods. Mechanical methods counting roughening and micromanipulation are 

not convenient for small changes i.e. under micrometers so they are restricted. Ion implantation [34], 

electron beam irradiation [35], ultraviolet radiation and gamma-ray irradiation and plasma technology as 

physical methods have some preference over chemical methods containing oxidize, sulfonate, chlorinate 

and acetylate. Physical methods are considered as secure and clean processes without chemical-wasting 



[36]. Besides, chemical methods cannot be appropriate for immobilizing biomolecules on the surface of 

polymers in all cases since having some destructive chemical reactions [37]. Most noticeable dominance 

which is appointed to plasma treatment is that it causes the reactive moieties to embody onto the surface 

therefore as to improve the surface energy and reactivity for more functionalization, and consequently 

enhance the biocompatibility and surface properties while not altering bulk properties [38]. Recently, 

heaps of methods such as plasma jet, dielectric barrier discharge (DBD), diffuse discharge and gliding arc 

discharge have been implemented for surface modification by utilizing non-thermal plasmas [39]. 

Atmospheric pressure plasma modification is one among the appropriate physical strategies which is 

broadly utilized without using solvent or creating chemical waste including less degradation or alerting 

polymers bulk properties. Recently DBD plasma-based surface modification has attracted researcher’s 
consideration particularly using of atmospheric pressure air (DBD), which is an efficient and cost-less and 

commercial strategy [40]. However in present study we would like to increase the immobilization and 

activity of GOx on PVA/PAN nanofibers manufactured by electrospinning and surface modification of 
these nanofibers by air-DBD plasma which the advantages have been mentioned before.  

MATERIAL & METHODS 

Materials: 

Polyvinyl alcohol (PVA) with molecular weight of 72,000 and Poly acrylonitrile (PAN) were purchased 

from Merck Chemical Co. (USA). Malonic acid (MA) and beta-D-glucose was obtained from Sigma-

Aldrich (St Louis, MO, USA). O-dianizidin [(CH3O)(H2N)C6H3]2  with molecular weight of  244.29 g/mol 
was bought from Fluka . Glucose oxidase (GOx) was obtained from Aspergillus niger. (Sigma Prod. Nos. 

G-6766 ). Horseradish peroxidase (HRP) was acquired from Applichem Co. Dimethyl formamide (DMF) 

that was utilized as a solvent for polymeric solution, was gotten from Merck Chemical Co. (USA). The 

buffer utilized in this work is Potassium phosphate (0.1 M, at pH 6) which was arrenged from sterilized 

water and Potassium acetate solution. 

 Fabrication of nanofibers 

Polyvinyl alcohol and Poly acrylonitrile solution (3 Wt. %) were arranged by dissolving in Dimethyl 
formamide [(CH3)2NC(O)H] , and  we utilized malonic acid  as a cross linker in polymeric solution and the 

weight quantitative to mix polyvinyl alcohol with was chosen to be 1:1 which were adding to solution 

simultaneously, then they were stirred for  4 h via the magnetic stirrer at 80 centigrade till transparent 

solutions were gotten. Then, were placed in room temperature at stationary conditions for 12 h as to 

obtain a uniform solution without bubbles. The schematic of experimental setup is shown in Fig. 1, 

Polymer solution was loaded to a syringe and then was fixed into a syringe pump with a flow rate of 0.5 
ml /h. 22 kV of positive voltage was applied to the needle by a high voltage power supply. The distance 

between needle of syringe to the collection plate of aluminum foil was 15 cm. 

https://en.wikipedia.org/wiki/Methyl


 

Fig1. Schematic representation of the electrospinning device 

 

Surface modification of electrospun nanofibers by DBD 

The schematic of hand crafted DBD plasma test employed in this paper is appeared in Fig. 2 High voltage 

electrode comprised of copper rod as a 10 mm thickness and Teflon’s divider tube folded around the high 

voltage electrode which was covered by 1 mm-thick quartz sheet (>99.9% SiO2) as dielectric obstruction. 

A stainless steel mesh was utilized as the second electrode in contact with the quartz which acts as a 

grounded electrode to produce a homogenous DBD plasma, it is outstanding that no air ought to be 

available between the mesh and the dielectric in arranged to forestall power loss [41].  

The sample was placed on the grounded sample holder at a distance of 2mm from the grounded mesh. A 

half-dozen kHz DC-pulsed high voltage which is consistence voltage in 11 kV and 0.5 W/Cm2 discharge 

power which controlled by lissajous curve was applied between to the electrodes of DBD plasma probe. 



Fig.3 appears the normal voltage and current waveforms for the high voltage conductor with 2-mm slot 

between the threads samples at 11kVPP and 6-kHz frequency. 

 

Fig. 2. Schematic of DBD plasma probe 

 



 

Fig. 3. Current and voltage waveforms of the DBD discharge generated at 11 kV and 0.5 W/Cm2 discharge power 

To examine the plasma arrangement intensity was analyzed by an Optical emission spectroscopy (OES) 

method utilizing a spectrometer (Ocean Optic HR2000+ES) with the accuracy 0.5nm.the range of 

wavelength considered in this investigation is from 200nm to 900 nm. [42]. The optic fiber the 

spectrometer was put agonist of the plasma probe at the same position and condition under the same 

condition within all tests. When the high voltage applied to the DBD probe comes to the most extreme 

value, micro discharges form and cross between two electrodes and cause the charges collect on the 

surface of the quartz-dielectric barrier in several nanoseconds. At the time of few microseconds (the 

quantity between 2 pulses), the electron releases. At the point of the applied voltage reaches to the next 

maximum value, micro discharges will begin again [43].  

Characterization 

The surface morphology of unmodified and plasma modified nanofibers after immobilization and soak in 

enzyme buffer solution were discovered with a scanning electron microscope (SEM) (Hitachi SU3500), 

after 10 nm thickness gold sputter-coating. We utilized attenuated total reflectance Fourier transform 
infrared (ATR-FTIR to examine the surface chemical structure of samples, The ATR-FTIR spectra (ATR-

FTIR-NEXUS 470, THERMO NICOLET CO, USA) of nanofibers were identified in the 4000 to 500 

cm−1 wavenumber, with 60 scans at a resolution of 4 cm−1. The topography of nanofibers were resoved 

an Atomic Force Microscopy (Nano Ink DPN500). 

Enzyme immobilization and colorimetric assay 

The surface adsorption method of immobilization is used in this study. Glucose oxidase solutions (with 

activity 37.4 Unit in phosphate buffer pH 7, 0.1M) were used to spray treated nanofibers for three times. 

The nanofibers then were cut into tiny pieces (1×1 cm2). The immobilized enzyme’s activity was set by 



transferring a small piece of wet nanofiber in the test tube which contained 2 ml phosphate buffer pH 7, 

0.1 M, 100 µl of 0.02mg/ ml o-Dianizidine and 100 µl 18% glucose solution and 10 µl horseradish 

peroxidase enzyme (1mg / ml). Absorbance increase was recorded at 640 nm every 30 seconds [44]. 

 

3. RESULTS & DISCUSSION 

3.1 Optical Emission Spectroscopy (OES) 

Plasma represents a highly efficient environment when in contact with a polymer surface. The primary 

reactions break the chemical and physical bonds, producing active sites, polar groups and cleavage 

products onto the polymer surface. Fig. 4 demonstrates that the OES spectra of plasma system. Plasma 

spectroscopy was utilized to investigate the plasma discharge characteristics. When plasma introduces 

within the polymer sheet, oxidation cycles will be begun in the plasma probe, surface modification of 

polymers by a set of reactions between free electrons, ions, radicals, atoms, and molecules which are 

shaped in plasma.  These reactions can be summarized as follows the highly reactive atomic and 

molecular oxygen species and the very high energy UV photons the surface polarity for various exposed 

samples, usually demonstrating increase in the surface hydrophilicity and polarity after treatment. These 

reactions can be summed up next by [45]: 

 

 𝑁2 + 𝑒 → 𝑁 + 𝑁 + 𝑒 (1) 𝑁2 + 𝑒 → 𝑒 + 𝑁2(𝐴) (2) 𝑁2+ + 𝑒− → 2𝑁                                                                      (5) 𝑁+ + 𝑒− → 𝑁 (6) 𝑂2 + 𝑂 → 𝑂3 (7) 𝑂2 + 𝑒 → 𝑂 + 𝑂 + 𝑒 (8) 𝑂2 + 𝑂 → 𝑂3 (9) 

  

The emission spectrum of the plasma discharge displayed peaks of N2 second positive band system 

(N2SPS), N2
+ first negative system (N2FNS) and O2 band system [46]. Table 1 lists the detected peaks 

of the wavelengths for the N2 SPS systems and the N2
 FNS systems and the O2 band system. 



 

Table 1. The detected peaks of the wavelengths for the N2 second positive band systems and the O2 band system 

Species (system) Transitions Peak positions (nm) 

N2 second positive band  33 BC  315; 337.1; 357.7; 400 

N2
+  first negative  


gu

XB
22  

427.8; 434.2; 441.7 

O2  band 055 33 SsPp   777.4 

 

Based on the N2 second positive band system, the excitation of nitrogen molecules within the ground state 

by direct electron impact is carried out as follows [47]: 

𝑒 + 𝑁2(𝑋1∑𝑔+)𝑣=0 → 𝑁2(𝐶3𝜋𝑢)𝑣,=0 + 𝑒                       ( ∆E = 11𝑒𝑉 ) (10) 

And then, spontaneous radiation of shaped excited state of nitrogen makes )B(N g

3

2  as follows 

[48]: 

𝑁2(𝐶3𝜋𝑢)𝑣,=0 → 𝑁2(𝐵3𝜋𝑔)𝑣,,=0 + ℎ𝑣 (11) 

Air, which is utilized as carrier gas with humidity of water droplets, ends up to generate of active species 

and ozone by micro discharge in plasma by means of polymer fibers (M) [49]: 

𝑒 + 𝑂2 → 𝑒+𝑂(3𝑃) + 𝑂(1𝐷) (12) 𝑂 + 𝑂2 + 𝑀 → 𝑂3 + 𝑀 (13) 

 



 

Fig4: emission spectrum of the plasma discharge in plasma probe in 11 kVPP and 6 kHz pulse frequency 

The emission spectrum of the plasma discharge in plasma probe has been demonstrated in Fig.4. This 

spectrum was gotten at 11 kVPP and 6 kHz pulse frequency. The plasma has occasioned multiple 

hemolytic bond fissions and ionization occurrences, also secondary collisions. Subsequent molecular 

fragmentations, reactions, and ionization processes have eventuated in a propagation of functionalities on 

the plasma-treated or polymerized surfaces high properties of crosslinking and functionalization onto the 

surface. As illustrated in Fig.4, the higher intensity related to N2 (SPS),(FNS) band and O2 band is 337.43 

nm, 427.76 nm and 77.42 nm respectively.  

3.2 Surface wettability of PVA/PAN nanofiber 

To distinguish the hydrophilicity or hydrophobicity of polymer surfaces often has utilized contact angle 

measurements [45]. The wettability of PVA/PAN nanofiber before and after plasma excitation were 

demonstrated by measuring contact angle of water droplets with distinctive disposal times; the water 

droplet illustration on the surfaces of unmodified and plasma-modified samples are displayed in Fig.5 and 

the information for them are exhibited in Fig.6. As enhancement plasma exposure time from 0 to 9 minute 

the contact angles has declined roughly from 126◦ to 54◦. The enhancement in hydrophilicity inculcates 

an augment in oxygen-containing groups on the surface of the polymer which can be accomplished in O2 

band transaction is due to plasma treatment reactions (11) and (12) [49]. 
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Fig. 5. Water droplet on the surface of PVA/PAN nanofibers (a) unmodified, (b) plasma modified for 3 min, (c) plasma modified 

for 6 min, (d) plasma modified for 9 min 

 

Fig. 6. Water contact angle as a function of plasma treatment time. 

 

3.3 Surface chemical composition characterization 

 

Fig. 7. ATR-FTIR spectra of (a) unmodified, (b) plasma modified PVA/PA nanofiber 

ATR-FTIR spectra were obtained from plasma modified and unmodified surfaces to manifest any shift in 

chemical bonding states on the polymer surfaces. All treatments have been exert in the atmospheric 



pressure at 11 kV–6 kHz. Fig.7 depicted ATR-FTIR spectra of unmodified and plasma modified 

PVA/PAN nanofibers after 6 minute exposure. The spectrum of both of samples has rendered the 

emersion of C-H stretching at 2920 cm−1 and C-H bending band at 1420 cm−1 , C≡N stretching at 2242 

cm−1, C=O at 1736 cm−1 and C-O at 1095 cm−1 [41-43]. As can be observed, PVA/PAN nanofibers 
spectrum which modified by air plasma, has demonstrated higher absorption at 1736 cm−1 (C=O 

stretching bands) and 1095 cm−1 (C-O stretching band) board bands and lower absorption at 2242 cm−1 

(C≡N stretch) peaks as compared with unmodified nanofibers. The C-H bending band at 2920 cm−1 and 

C-H bending band at 1420 cm−1 has revealed to be either potent [41-43]. The substantial augment in both 

of the stretching of C-O group and the stereomic series in plasma modified scaffold, have demonstrated 

the effect of plasma on the esterification reaction by activation hydroxyl groups which derived from 

polyvinyl alcohol throw N2 second positive band transaction in table 1. The plasma’s efficacy on 

augment the reaction rate of nitrile group to carboxyl group, which is actually done by enhancing the 

functional group, ultimately has increased the amount of hydrogen bonding with the enzyme in the 

immobilization phase consequently the activity of immobilized enzymes increased too. Decreased peaks 

associated with C≡N bend and increased peaks associated with the bonded carboxylic group are further 

confirm of this claim. This reaction is referred to free radical formation which produced in plasma 

procedure. 

3.4 Activity of immobilized enzymes on nanofibers 

The enzyme activity belongs to accessibility of the enzyme active site which is immobilized on the 

surface of the scaffolds. Moreover, the enzyme activity enhancement can be eventuate of the increase in 

the amount of enzymes which immobilized on scaffolds. In this experiment the amount of enzyme 

activity which gauged as follows: 162× 10−3 U/cm2 for unmodified nanofibers, 259 × 10−3 U/cm2 for 3 

minutes plasma modified nanofibers, 413 × 10−3 U/cm2 for 6 min plasma modified nanofibers, 91 × 10−3 

U/cm2 for 9 minutes plasma modified nanofibers. As represented in Fig. 8, in PVA/Pan nanofibers 
modified by exposing for 6 minutes with air plasma, the activity of enzymes which immobilized on the 

surface nanofibers has been rather than all other samples. These results have designated better enzyme 

orientation and immobilization on the 6 minutes plasma modified nanofibers. As compare the amount of 
enzyme activity between modified and unmodified samples, it can be conclude air plasma has augmented 

enzyme activity 2.54 times. These conduct can be clarified by the augment in the acid-base group and 

stereomic C = O group which was acquired from ATR-FTIR spectrum. Likewise the less enzyme activity 

which observed in case 9minutes exposed by air plasma could be associated with light ablation on the 

polymer surface caused by the increment exposure time of plasma [48]. 



 

Fig. 8. Activity of immobilized GOD on the surface of plasma modified PVA/PAN nanofibers for three 
different exposure times. 

3.5 Reusability of immobilized enzymes  

Conforming to the results, it could be conducted the highest enzyme activity has belonged to plasma 

modified PAN/PVA nanofibers for 6 minutes. Fig. 9 depicts a diagram which graphing reusability of 

immobilized enzymes on this scaffold throughout a ten consecutive measurements of the enzymatic 

activity of this nanofiber. As is evident, 71% of its enzyme activity has maintained after ten times use in 

6min plasma modified nanofibers, whereas the unmodified scaffold have been maintained only 28% of 

own activity at their first time use. These outcomes can be inferred from the augment in the amount of 

immobilized enzymes on the polymer surface owing to the further functional groups formed on the 

polymer surface after exposure to plasma, as affirmed by ATR-FTIR results. 

 
 



Fig.9 . Reusability of immobilized enzymes on plasma modified PAN/PVA nanofibers for 6 min 

compared with unmodified PAN/PVA nanofibers. 

3.6 Nanofibers morphology  

Fig.10 has illustrated the scanning electron microscope images of unmodified and air plasma modified 

PVA/PAN nanofibers for various durations after enzyme immobilization. .It can be acquired from Fig 11, 

which the diameter of plasma modified nanofibers figured out with image J, has augmented besides 9 min 

plasma-exposed. It can be concluded by enhancement the exposure time of plasma from 3 to 6 minutes, 

nanofibers diameter has also increased. This might be related to the fact that more cross-links have been 

made between polymer chains caused by inducing some chemical modifications such ozone formation 

and its related transactions. Whereas by more increasing the plasma exposure time up to 9 minutes, a 

significant decrease in nanofibers diameter has been observed. This observation can be attributed to the 

light ablation of nanofibers surface which resulting from plasma [44]. Fig. 12 has displayed the SEM 

images of unmodified and PVA/PAN nanofibers-air plasma modified during various times after 

drenching in enzyme solution for 60 minutes. The images has indicated that unmodified nanofibers after 

drenching have lost their nanofiber structure, while plasma modified samples have retained their fiber- 

like structure. In addition to there has been not significant damage observed in fibers structure. The 

process of maintaining the fiber-form structure was similar to what has been observed in nanofiber 

diameter as a result of exposure to air plasma at different times.  

 

a)                                            b)                                            c)                                            d) 

 

 

 

Fig.10 . Electrospun nanofibers PVA/PAN morphology using SEM, (a) unmodified, (b) plasma modified (3min), (c) 

plasma modified (6min), (d) plasma modified (9min), 

 

 



 
 

Fig.11 . Diameter distributions of electrospun nanofibers PVA/PAN (a) unmodified, (b) plasma modified (3min), (c) 

plasma modified (6min), (d) plasma modified (9min), 

 

a)                                             b)                                            c)                                            d)  

 

 

 

 

 

Fig.12. PVA/PAN nanofibers morphology using SEM after drenching in enzyme buffer for 60 minutes, (a) unmodified, 

(b) plasma modified (3min), (c) plasma modified (6min), (d) plasma modified (9min) 

Fig. 13(a) has depicted the AFM image obtained from unmodified PVA/PAN nanofibers and Fig. 13(b) 

the modified PVA/PAN nanofibers via air plasma during 6minutes. As assumed likewise has been clear 
from the picture, the surface roughness of PVA/PAN nanofibers by exposing to air plasma, has increased. 
The outcomes acquired from analyzing the AFM images indicated that, the mean surface roughness (Sa) 

value of 4.1 nm in the case of unmodified nanofibers and the value of 7.5 nm for plasma modified 
nanofiber has recorded. Values of 6.1 nm and 9.8 nm have gauged as the root mean square roughness (Sq) 

of unmodified and modified plasma nanofibers, respectively. 

(a)                                                          (b)                                                                                 

 

 

 

 

 

 

 

 

 



Fig13. AFM images of PVA/PAN nanofibers (a) unmodified (b) plasma modified 6min  

Conclusion 

In the current experiment, by examining the effect of exposing the PVA / PAN polymer nanofibers to 

air-DBD plasma during various times, has demonstrated that physico-chemical changes occurred at 

the nanofiber surface caused by interactions between the polymer surface and reactive species in 

plasma. According to ATR-FTIR spectra, the optimal plasma modification time of PVA / PAN 

nanofibers has been 6 minutes. Moreover, through spectrum analysis, it has been found that exposure 

to air plasma has increased the formation of C-O, C-H and C = O groups. Observation of increasing 

hydrophilicity in modified samples by measuring the water droplets contact angle demonstrated the 

effect of plasma on the hydrophilicity of nanofibers. The results of AFM image analysis have also 

been in line with this claim. The enhancement of active groups formed on the surface of PVA / PAN 

nanofibers by air-DBD plasma has demonstrated a significant effect on the immobilization rate of 

GOx enzyme, which has been affirmed by enzyme assay. Increasing the enzyme activity in the 

modified samples compared by unmodified samples has been a proof of this claim. In addition, 

augment in reusability and storage stability of enzyme have been investigated and reported in 

modified samples. Given that the results substantiate air-DBD plasma considered as an effective 

method in modifying PVA / PAN nanofibers, it could be asserted that this study has proposed a step 

towards producing biosensors based on enzyme immobilization. Furthermore, in clinical field, the 

GOx enzyme has played a momentous role. 
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