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Abstract  

Objective: This study produced a fungal chitosan membrane extracted from Rhizopus stolonifer, as well as its 

modification using dielectric barrier discharge plasma (DBD), aiming to improve the physicochemical characteristics 

of the membrane, optimizing its use in the medical research field. Method: The obtained chitosan was physically and 

chemically characterized (Molecular Weight, Fourier Transform Infrared, X-ray Diffraction), later were produced 

fungal chitosan membranes and DBD plasma was applied. The membranes were characterized before and after 

plasma application using the tests contact angle, swelling and atomic force microscopy (medium roughness) analyzes. 

Results: A fungal chitosan with a yield of 16.73 mg/g, and an apparent molecular weight of 4 kDa was obtained, being 

considered of low molecular weight and high degree of deacetylation (84%). It was possible to obtain the membrane 

and after application of DBD plasma, the contact angle dropped from 77.5° to 30.9°, making it more hydrophilic. 

Conclusion: Thus, the efficiency of the technique for increasing the hydrophilicity of the fungal chitosan membrane 

without the additive of chemical reagents during the process was confirmed and the membrane formed is a promising 

alternative can be used in different ways in the medical area. 

Keywords: Biopolymers; Rhizopus stolonifer; Fungal chitosan; Dielectric barrier discharge; DBD plasma. 

 

Resumo 

Objetivo: Este estudo produziu uma membrana fúngica de quitosana extraída de Rhizopus stolonifer, bem como sua 

modificação utilizando plasma de descarga de barreira dielétrica (DBD), visando melhorar as características físico-

químicas da membrana, otimizando seu uso na área de pesquisa médica. Método: A quitosana obtida foi caracterizada 

física e quimicamente (Peso Molecular, Transformada de Fourier no Infravermelho, Difração de Raios X), 

posteriormente foram produzidas membranas de quitosana fúngica e aplicado plasma DBD. As membranas foram 

caracterizadas antes e após a aplicação do plasma por meio dos testes de ângulo de contato, intumescimento e 

microscopia de força atômica (rugosidade média). Resultados: Foi obtida uma quitosana fúngica com rendimento de 

16,73 mg / g, e peso molecular aparente de 4 kDa, sendo considerada de baixo peso molecular e alto grau de 

desacetilação (84%). Foi possível obter a membrana e após a aplicação do plasma DBD, o ângulo de contato caiu de 

77,5 ° para 30,9 °, tornando-o mais hidrofílico. Conclusão: Assim, foi confirmada a eficiência da técnica para 

aumentar a hidrofilicidade da membrana fúngica de quitosana sem o aditivo de reagentes químicos durante o processo 

e a membrana formada é uma alternativa promissora podendo ser utilizada de diferentes formas na área médica. 

Palavras-chave: Biopolímeros; Rhizopus stolonifer; Quitosana fúngica; Descarga de barreira dielétrica; Plasma DBD. 

 

Resumen  

Objetivo: Este estudio produjo una membrana fúngica de quitosano extraída de Rhizopus stolonifer, así como su 

modificación mediante plasma de descarga de barrera dieléctrica (DBD), con el objetivo de mejorar las características 

físico-químicas de la membrana, optimizando su uso en el campo de la investigación médica. Método: El quitosano 

obtenido se caracterizó física y químicamente (Peso Molecular, Transformación de Fourier en infrarrojos, Difracción 

de Rayos X), posteriormente se produjeron membranas de quitosano fúngico y se aplicó plasma DBD. Las 
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membranas se caracterizaron antes y después de la aplicación del plasma mediante ensayos de ángulo de contacto, 

hinchamiento y microscopía de fuerza atómica (rugosidad media). Resultados: Se obtuvo un quitosano fúngico con un 

rendimiento de 16,73 mg / gy un peso molecular aparente de 4 kDa, considerándose de bajo peso molecular y alto 

grado de desacetilación (84%). Se pudo obtener la membrana y luego de aplicar el plasma DBD, el ángulo de contacto 

bajó de 77.5 ° a 30.9 °, haciéndola más hidrofílica. Conclusión: Así, se confirmó la eficacia de la técnica para 

incrementar la hidrofilicidad de la membrana fúngica de quitosano sin la adición de reactivos químicos durante el 

proceso y la membrana formada es una alternativa prometedora que puede ser utilizada de diferentes formas en el 

campo médico. 

Palabras clave: Biopolímeros; Rhizopus stolonifer; Quitosano fúngico; Descarga de barrera dieléctrica; Plasma DBD. 

 

1. Introduction 

The Chitosan is a copolymer formed from the deacetylation of some chitin glycopyranose residues (Annu et al., 

2017). It has 2-acetamido-2-deoxy-D-glycopyranose and 2-amino-2-deoxy-D-glycopyranose units. However, this molecule is 

only considered a chitosan when more than 50% of the polymers residues are 2-amino-2-deoxy-D-glycopyranose (Anwar et 

al., 2017). When chemically obtained from the chitin present in crustacean carapace it is known as an animal chitosan 

(Polymar, 2020). Futhermore, chitosan can be also obtained by extracting directly from the fungal cell wall, especially those 

belonging to the Zygomycetes fungal class (Paiva et al., 2017). Animal chitosan is the most commercially used because its 

yield is approximately 2 to 3 times higher than the fungal. However, their purification and processing require a large amount of 

use of chemical compounds, which elevate the costs of production and decreases the yield (Bento et al., 2011). In addition, 

animal chitosan depends on the seasonal factors of the region where the crustacean is reared, making product standardization 

and industrial scale implementation difficult (Ghormade et al., 2017). When referring to food and medical use, another 

problem is suggested: The allergenic potential of some proteins such as tropomyosin and arginine kinase that accumulate in the 

chitosan molecule when not properly purified (Stamford et al., 2007; Pascal et al., 2015; Faber et al., 2017). 

The use of fungi for chitosan production has some advantages over the traditional process. (1) The fungi can be 

cultivated with simple and inexpensive substrates, such as industrial waste and food, reducing process costs; (2) fungal 

chitosan can be produced during the year with no restrictions when using a controlled environment, this way ensuring 

continuous production (3) It has low rates of calcium and other ions, which reduces the risk of mineral accumulation in the 

body (Arcidiacono et al., 1989; Synowiecki & Ali-Khateeb, 2003; Queiroz et al., 2015; Batista et al., 2018). 

In recent years, some studies have shown the potential of fungal chitosan, such as antifungal, antibacterial, anticancer 

and antiparasitic action (Paiva et al., 2014; Souza Neto et al., 2017; Almutairi et al., 2020; Batista et al., 2020; Sathiyaseelan et 

al., 2020). For these reasons, fungal chitosan is already being produced and marketed by companies in different countries, such 

as Belgium, Canada and the United States. All for medical and / or pharmaceutical applications (Kitozyme, 2020; Mycodev, 

2020). 

Studies have shown that the degree of deacetylation and molecular weight of chitosan has a directly influence on the 

absorption of liquids, the higher the degree of deacetylation (between 80-90%) and molecular weight, the higher the rate of 

water absorption (Schipper et al., 1996; Pankaj, 2015; Chumwangwapee et al., 2016). This is explained by the predominance 

of amino groups in chitosan that give this biopolymer a high polarity (Assis et al., 2002). 

Due to interferences of physicochemical characteristics, to maintain the various possibilities of use of biomaterials, 

some modifications are required. Conventional biomaterial modification techniques are solvent treatments, acid-base solutions, 

mechanical abrasion and chemical activation, favoring polysaccharide parameterization processes, chain oscillations and toxic 

waste production. 

To solve the problems of conventional techniques, the use of cold atmospheric plasma, a weakly ionized gas that 

operates under atmospheric conditions below 40 °C, has emerged. Under these conditions, only a small fraction of major heat-

bearing atoms and gas molecules collide with electrically energetic electrons, resulting in increased excitation, ionization, and 
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dissociation, while the plasma remains "cold" (Klampl et al., 2012). Among the chemical clusters identified in atmospheric 

plasma are molecules (OH, NO, CN, O3), atomic radicals (H, O, N), and other species of active groups: such as N2+, which 

has properties that the gas alone doesn’t have, such as magnetism and conductivity (Machala et al., 2007). 

Treating materials with atmospheric plasma give to the materials characteristics for their use in different areas. 

Among these characteristics are: (1) ability of its action to be restricted to the surface of materials without affecting their 

mechanical properties; (2) introduction of reactive radicals and their conversion into functional groups; (3) do not require high 

cost vacuum or compression systems; (4) be environmentally friendly as its use generates less environmentally toxic compared 

to chemical methods of material modification; (5) antimicrobial effect of Escherichia coli and Bacillus subtilis endospores, 

Staphylococcus aureus and Clostridium difficile cells (Hegemann et al., 2003; Hong et al., 2009; Chen et al., 2010; Salem et 

al., 2011; Sasmazel, 2011; Galvin et al., 2013; Shahidi et al., 2015; Ren et al., 2017). 

One of the most versatile types of atmospheric plasma is dielectric barrier discharge (DBD) plasma, which consists of 

a discharge occurring in a space between two metal electrodes, where at least one dielectric are inserted between these 

electrodes. By adding a potential difference between the electrodes, the electric charges begin to accumulate on the dielectric 

surface. At some point, the charge accumulation on the surface reaches its limit, breaking the dielectric rigidity of the gas, 

causing micro-discharge, which is what we call plasma. This process is repeated every half cycle of the applied voltage pulse 

between the metal electrodes (Bogaerts et al., 2002). 

DBD has been shown to be an effective method for producing homogeneous unbalanced plasma at atmospheric 

pressure with simple operation system. Surface modification of materials such as grafting, surface cleaning and hydrophilic 

polymer modification, powders and seed surface modification is widely used (Morent et al., 2011; Molina et al., 2014). In a 

view of the diversity of applications of fungal chitosan and the advantages of the treatment of biopolymers by dielectric barrier 

discharge plasma. The present work aims to treat fungal chitosan membranes with atmospheric plasma in order to observe how 

the membrane hydrophilicity and liquid absorption, will behave after the treatment. Thus, we intend Aiming to potentiate the 

use of fungal chitosan, leaving it in optimal conditions for the application in different medical areas. 

 

2. Methodology 

2.1 Fungal Collection, Cultivation and Chitosan Extraction 

Soil samples were collected at 10 different points of the ESEC Seridó reserve (Seridó Ecological Station), under the 

license number 36672-1 SISBIO / ICMBio, in the county of Serra Negra do Norte / RN / Brazil, at the geographic coordinates 

06° 35' e 06° 40' South, and 37° 20' and 37° 39'West. After monospore growth, the fungi were isolated and identified as 

Rhizopus stolonifer (Vital & Zilli 2010). 

Petri dishes with BDA synthetic medium (Potato Dextrose Agar) and monospore growth were incubated at 28° C for 

72 hours. The spores were collected and stored in 15 mL of sterile distilled water (standard solution). About 105 spores/mL of 

the standard solution were added in 400 mL of YPD (Yeast Extract 10 g; Peptone 20 g; Dextrose 20 g per liter) and incubated 

at 28° C/ 96 hours in static mode (Stamford et al., 2007). Biomass was filtered, lyophilized, and chitosan was extracted 

according Hu et al. (1999). 

 

2.2 Fungal chitosan Characterization 

Size exclusion chromatography was applied to determine the apparent molecular weight of chitosan. 7.8 x 300 mm 

Ultrahydrogel 500 and 250 columns (Waters Corp., Milford, Massachusetts, USA), connected in series, were coupled to an 

Accela® refractive index detector HPLC (Thermo Scientific, Waltham, Massachusetts, USA). The eluent was filtered (0.22 

μm membrane) in ultrapure water with 0.1 M NaNO3, with a flow rate of 0.6 mL / min at 30 °C. A set of dextran standards (4, 
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6, 10, 40, 72.1, 147 and 270 kDa) was used to construct the standard curve and to determine the apparent molecular weight of 

the biopolymer (Galinari et al., 2017). 

Fourier Transform Infrared Spectroscopy (FTIR) were performed with a Shimadzu spectrophotometer model IR 

Prestige-21, with attenuated total reflectance accessory (from English, ATR) coupled with the following analysis conditions: 

Region 4000 - 600 cm-1; Resolution: 4 cm-1; Accumulations: 20; Mode: transmittance. For the checking the degree of 

deacetylation of the samples, formula (1) was applied (Brugnerotto, 2001). 

 

DA = [(A1320/A1420) – 0,3822] / 0,03133                   (1) 

DD = 100 - DA 

 

X-ray diffraction measurements were performed based on the technique of Signini & Campana Filho (2001) with 

modifications. It was used a SHIMADZU X-ray diffractometer (Model XRC-6000) with copper tube (λ = 1.54 Å). The voltage 

and current used were of the order of 40 kV and 40 mA, respectively. These measurements were performed at a range of 3-50 

°C with a scan rate of 1° / minute in 0.02° steps (Signini & Campana Filho, 2001). 

 

2.3 Biomembrane Production and Application of the Dielectric Barrier Discharge Plasma (DBD) 

The powder was dissolved in 2% acetic acid with constant stirring for 24 hours. After this period, the chitosan 

solution were filtered twice, the first time with a nylon filter and the second with a 0.45 mm filter (Millipore, Billerica, MA, 

USA) (Macedo et al., 2012). 

The application of plasma to fungal chitosan membranes was performed according to the methodology proposed by 

Napartovich et al. (2001) with modifications. Plasma was generated using 1 L / min flow Helium gas and applied as describes 

in Table 1. The dielectric barrier discharge plasma generation system can be seen in Paiva (2017). 

 

Table 1: Parameters of dielectric barrier plasma (DBD) applications and the relationships between wettability and 

average roughness for the different treatments analyzed. 

Treatments Voltage(kV)/Time(min)* Wettability Average roughness (nm) 

1 

2 

15/10 

15/5 

69.5º ± 0.51a 

39.5º ± 0.57b 

624.76 ± 7.37b 

1346.05 ± 5.84b 

3 15/1 30.9º ± 0.57b 2118.78 ± 2.31ª 

4 30/10 64.0º ± 0.50ª 732.82 ± 4.59b 

5 30/5 58.5º ± 0.80ª 1023.57 ± 2.72b 

6 30/1 57.3º ± 0.56ª 847.25 ± 2.61b 

7 No treatment 77.5º ± 0.82ª 668.30 ± 3.43b 

* All tests were at the frequency of 500 Hz; a; b Different letters denote statistically different data. 

Source: Authors. 

 

2.4 Characterization of the Chitosan Membrane 

For the analysis of the wettability, the sessile drop method was chosen, where a drop was deposited on the surface of 
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the sample. The samples were placed on the flat base and then a drop of 10 μl of distilled water was deposited on the surface of 

the membranes. The researchers monitored the process in real time, and saved it on a computer using the Surftens 4.5 software. 

After, the images were saved for the desired instants: 0, 10, 20, 30, 40, 50 and 60 seconds and analyzed by the same software. 

The contact angle values presented in this study reflected the average of the measurements of three images. Five measurements 

were taken for each image (Alves Jr. et al., 2016).  

The degree of swelling or absorption of the fungal chitosan membranes was evaluated by immersing them in PBS 

solution (Phosphate Buffered Saline pH ~ 7.4). The test was performed in triplicate for each assay. After a 24-hour immersion 

period the samples were removed from the PBS solution and weighed in analytical balance (excess liquid was removed with 

paper towels). Each membrane was weighed 4 times to reduce the risk of weighing errors. 

The degree of swelling was evaluated as the mass percentage gain of the wet samples and was calculated by: 

 

Equation 2 

 Loss of Mass (%) = [(inicial mass – final mass) / inicial mass] x 100     (2) 

 

To analyze the roughness and topography of the chitosan membrane samples, a Shimadzu Corp. atomic force 

microscope, model SPM-9600 (Japan) was used. The equipment was used in dynamic or intermittent mode at a scan rate of 1 

Hz. Random areas of 10 μm x 10 μm were scanned and analyzed by SPM Manager software Version 3.4 (Japan). The 

parameters of arithmetic average roughness (Ra) were analyzed. The analysis of the topography was done through the 3D 

images obtained in the AFM (Macedo et al., 2012). 

 

2.5 Statistical analysis 

For the statistical analysis of the contact angles and mean roughness, the ANOVA test was used to measure the 

variability between the values and then the Tukey test was used to evaluate if there was a significant difference between the 

means. The researchers performed all tests in triplicate and analyzed by the PAST program. 

 

3. Results and Discussion 

3.1 Characterization of fungal chitosan 

The edaphic samples from Seridó Ecological Station was identified as R. stolonifer and it generated a yielded of 

chitosan of 16.73 mg/g by dry biomass. The chitosan produced was characterized with molecular weight of 4.12 kDa, degree 

of deacetylation of 84%. The molecular weight obtained by a High-performance liquid chromatography and stable in solution, 

was characterized. Indicating whether it is a polymer with a low molecular weight and a low colloid formation capacity.  

These results contrast with those found by Cardoso et al. (2012) and Berger et al. (2018) within a respective yield of 

29.3 mg/g and 49.31 mg/g of chitosan for R. arrhizus. Although they are all from the same class of Zygomycetes, they have 

specific genetic differences and the carbon and nitrogen source used in the culture medium may also have influenced the 

production of fungal chitosan. 

 

3.1.1 Fourier Transform Infrared and X-ray 

The Fourier transform infrared characterize the chitosan as for the degree of deacetylation (DD) and it is considered 

one of the most important chemical characteristics that can influence solubility, chemical reactivity and biodegradability. 

Fungal chitosan with high degree of deacetylation has a high-density positive charge due to the free amine groups, making it 

unique for several biological applications (Berger et al., 2014; Abdel Gaward et al., 2017). Freier et al. (2005) demonstrated 
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how this degree favors a low degradation of the biopolymer, as well as the cell adhesion when close to a 100%. Huang et al. 

(2004) showed that the greater the degree of deacetylation, the greater the absorption of nanoparticles by fibroblasts in cell 

culture. 

The DD of 84% estimated by the FT-IR in this study characterizes the polymer as chitosan, according to the EUCHIS 

(European Chitin Society) (Figure 1A). Indicating that this biopolymer has few protonated groups in its chain and has an amine 

group in the carbon 2 in more than 60% of its residues (Zhang et al., 2017). These results are similar to those obtained by 

Gharieb et al. (2015) who produced chitosan from the fungi species Mucor rouxxi, Rhizopus sp., Cunninghamella elegans, 

with DD of 80.3%, 81.5%, 80.3%, respectively. However, compared to the degree of deacetylation of others fungi chitosan, the 

results contrast with the ones found by Mondala et al. (2015) and Zimoch-Korzycka et al. (2016) who obtained a degree of 

deacetylation of 60% and 72%, respectively, using Mucor rouxxi, and Aspergillus niger. These contrasts indicate that the 

degree of deacetylation varies with the type of fungus and the culture medium, and this variation can be about 30%. It is 

important to note that there are no studies to characterize the fungus Rhizopus stolonifer, so the comparisons are between 

others same fungi class, Zygomycetes.  

The X-ray diffraction in the sample extracted from Rhizopus stolonifer, demonstrated the presence of a peak around 

20° indicating the crystalline region of the material, and a 9° peak indicating the amorphous region of chitosan (Figure 1B). 

The results of diffraction Raio-X corroborate with studies founded which confirm these peaks as characteristic regions 

of chitosan, be it fungal or animal. Associated with the FT-IR result, it is indicated that the extracted polymer is effectively 

chitosan (Berger et al., 2014; Berger et al., 2018; Zhang et al., 2017). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Production and characterization of the fungal chitosan membrane  

The chitosan membrane was produced according to the proposed methodology and afterwards it was divided into 

pieces measuring 2x2 cm to carry out the characterizations before and after treatment by DBD plasma (Figure 2). 

Figure 1. Structural analysis of the fungal chitosan molecule by using the Fourier transform infrared 

spectroscopy technique (A) and X-ray diffraction technique (B). (A) Peaks ~3378.25 cm-1 (O-H stretch), 

~2922.00 cm-1 (C-H stretch), ~1644.94 (carbonyl group C = O (amide I)), ~1417.14 (amide I and II) and 

~1030.49 cm-1 (saccharide structure). (B) Peak around 20° indicating the crystalline region and a 9° peak 

indicating the amorphous region of fungal chitosan. 

 

A B 

Source: Authors (2020). 
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The treatments 2 and 3 (describes in Table 1) obtained a significant lower contact angle than the untreated sample, 

indicating that atmospheric plasma increased wettability in those specific conditions (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Statistical analysis of the data indicated a significant difference (p <0.05) between the contact angles of treatments 2 

and 3, in comparison to the others, showing that the treatments had the better effect. When performing the Tukey test, the 

difference between the contact angles was obtained on the 6 different treatments. 

The measurement of the contact angle of a liquid with the surface of a sample has its importance in the correlation of 

solubility of that sample in that liquid. Based on this idea, the use of DBD plasma in chitosan membranes favor the incorporate 

Figure 2. Membranous chitosan biomaterial extracted from Rhizopus stolonifer. 

Source: Authors (2020). 

Figure 3. Contact angle measurements of fungal chitosan membrane samples after treatment 

under different Dielectric Barrier Discharge plasma (DBD). All the tests were at the frequency of 

500 Hz. *Assay 7 is the untreated DBD sample and different letters denote statistically different 

data. 

Source: Authors (2020). 
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polar functional groups on these surface, which can alter its absorption capacity and interfere in the contact angle. 

Zhang et al. (2012) demonstrated, through mass spectrometry, that when using DBD plasma formed by helium gas 

there is a promotion of the formation of a larger number of reactive groups that act modifying the surface and leaving the 

surface layer of the membrane more hydrophilic. Among these reactive groups are: N+, O+, OH+, H2O+, H3O+, N2+, N2H+, 

NO+, O2+, N2O+, NO2+, O-, OH-, H3O-, O2-, NO2-, O3-, O-(H2O)2, CO3-, HCO3-, NO3-.  

In addition to helium gas experiments some authors are using atmospheric air at room temperature. Theapsak et al. 

(2012) and Dorraki et al. (2015) managed to promote the formation of polar reactives on the surface of membranes containing 

oxide polyethylene and animal chitosan. These authors demonstrated that a reduction of 50.52% and 40.57%, respectively, in 

the contact angle for solubilization in water when under conditions 15 kV / 10 sec / 350 Hz and 14 kV / 6 min / 6 Hz, 

respectively. Thus, they indicate the availability of using DBD plasma in the preparation of membranes containing chitosan for 

medical and food use among others. In our study, the better treatment the contact angle going from 77.5° to 30.9°, a reduction 

of 39.87% (15 kV / 1 min / 500 Hz treatment 3, Table 1 ) demonstrates the economic viability of using this technique to also 

increase the hydrophilicity of a fungal chitosan membrane. 

An increase in the wettability of a membrane favors the hypothesis of its great importance for a drug delivery 

application. Such an application requires a material that readily absorbs the drug to be applied, in other words, to a more 

hydrophilic material. 

To demonstrate the effects of plasma on the surface of the fungal chitosan membrane, an atomic force microscopy 

was performed on the membranes. The average roughness of the samples was measured and this analysis being the average of 

the peaks found on the surface of the treatment. 

The untreated membrane had an average roughness of 668.61 nm, with topography with peaks concentrated in a 

single region (Figure 4A). The treatment 3 (Figure 4B) resulted in a higher average roughness value of the fungal chitosan 

membrane, reaching a value of 2118.78 nm, showing an increase in roughness after treatment with DBD plasma.  

The increase of the average roughness indicates a surface modification of the membranous material, which is also 

evidenced by the topographic modification visible in the images, related to the wettability. The results demonstrate that the 

higher the average roughness, the greater the wettability of the membrane, in other words, the more hydrophilic the membrane 

will be (Table 1).  

Our data contrast with the work of Marques et al. (2016) which obtained a mean roughness of 4.0 nm of membrane 

produced from animal chitosan with a degree of deacetylation of 88%. The studies of Cleymand et al. (2016) which obtained a 

mean roughness of 9.32 nm in the animal chitosan membrane with 85.9% deacetylation associated with nanoliposomes; and 

with Tamburaci & Tihminlioglu (2017), obtained a result of 2.38 nm for roughness of the composite of chitosan animal and 

diatomite. These differences can be explained by the origin of chitosan, degree of deacetylation, molecular weight and mode of 

obtaining the membrane. Since, according to its characteristics, the polymer can behave in different ways. A high degree of 

deacetylation (above 70%) influences permeation and absorption, thus increasing the average roughness (Pankaj, 2015). 

Macedo et al. (2012) obtained chitosan membranes with high roughness when treated with a low pressure plasma with 

different atmospheres. The results were 4800, 5911 and 5062 nm for the atmospheres of (O2, N2, H2), respectively. When 

nitrogen plasma was used, the surface of the membrane became more uneven, demonstrating that there was more superficial 

modification of the membrane. 
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4. Conclusion 

According to the results, it was possible to obtain a good quality chitosan from the fungi Rhizopus stolonifer, as well 

as its transformation into membranous material. In addition, the use of the DBD plasma technique at room temperature with 

atmospheric air for the addition of polar chemical reagents resulted in an increase in the average of the roughness and 

wettability of the formed membrane. Thus, the efficiency of the technique to increase the hydrophilicity of the chitosan fungal 

membrane without the addition of chemical reagents during the process has been confirmed and the formed membrane is a 

promising alternative that can be used in different ways in the medical field. 

For additional analysis, we suggested in vitro tests with the membranous to confirm its antimicrobial potential, 

cellular regeneration and cellular adhesion as described by literature for different membranous of chitosan (Braga et al., 2019; 

Rosendo et l., 2020). 
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