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Abstract 

Aim of the work was to prepare a method of producing chitosan  

and chitosan-alginate nanoparticles designed for the modification of textile 

cellulosic products in hygiene and medical application. Spectrophotometry  
was used in the estimation of the prepared nanoparticles; analyzed, too,  

was the particle size and antibacterial and antifungal activity.   
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1. Introduction 

In the last years, there has been a remarkable increase of diseases caused  

by microbiological and hospital infections which has in turn triggered extensive 

investigation in new materials and procedures which would warrant durable 

bioactive effects along with safety use for patients. Fungi and Gram positive  

and Gram negative bacteria are commonly found in cellulosic materials, textiles 

and paper in particular. Many of these microorganisms are pathogens that  

are often responsible for hospital infections. When applied in medical  

and hygiene devices, textiles usually come into contact with much bacterial- 

contaminated media which may cause degradation of the materials and give  

an unpleasant smell of. This is the reason why a lot of textile medical  

and hygiene products appeared on the market bearing antimicrobial properties. 
Such properties are normally conferred upon the materials by the processing with 

salts of silver or nano-silver [1-17]. The substances are presently a target  

of criticism because of their negative impact upon the environment and human 

health [18-20].   

By including alternative natural materials, the development in nano-

technologies has recently aroused more interest. Polysaccharides like cellulose, 

chitosan and alginates make a large group of biopolymers. Except of being 

renewable materials, they are readily biodegradable and show good adhesive 

properties as well as lack of toxicity. 

Chitosan is a renewable, biodegradable biopolymer with good film-forming 

and adhesion properties. It reveals a strong antibacterial action mainly in the 
form of its salt derivative, and , moreover. it is well miscible with many 

substances inclusive polymers. Chitosan antimicrobial activity encompasses 

fungi, yeast and bacteria while Gram (+) are more affected than Gram(-) bacteria 

[21-23].Chitosan properties depend upon molecular mass, deacetylation degree, 

concentration, pH and composition of the medium in which the substance  

is applied [24]. Thanks to good adhesion and film-forming properties is chitosan 

fit to provide antibacterial coating or act as carrier for other antimicrobial 

compounds [25].   

Presented in this article is a method to produce and properties  

of nanoparticles of chitosan and chitosan-alginate for uses in medical and 

hygiene materials. It was an aim of the research to prepare a method  

of producing chitosan and chitosan –alginate complex with particles in nano 
dimensions designed as antimicrobial substances. The elaborated nano-polymers 

may find their use in hygiene and dressing materials for everyday use as well  

as in hospitals (hygiene tissue, wadding, active layer of inserts and sanitary 

napkins, wound dressings and compresses for contaminated wounds).     

 

2. Materials and methods 
2.1Materials 
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Chitosan  Chito Clear HQG was delivered by Primex Co. Characterized by: 

average molecular mass (Mv) =372 kD, deacetylation  degree (DD)= 81 %,  

ash content= 0,22%, content of heavy metals: Ash 0,1%; Cd 0,1%;  

Pb = 0,27%; Zn = 0,80%; Hg 0,05- 0,0%. 
 Sodium alginate Protanal 10/60FT delivered by FMC Biopolymer Enginering, 

Inc.  

 

2.2Analytical methods 

Estimation of average molecular mass of chitosan (Mv)-Viscometric method 

The viscometric average molecular mass was calculated based on  

the limiting viscosity number []. Viscosity was measured by means of  

a dilution viscometer with capillary nr1, K 0,01 according to internal test 
method IBWCH.   

 

Estimation of deacetylation degree of chitosan (DD) – method of first 

derivative of UV spectrum  

Deacetylation degree was analyzed by spectrophotometric method 

consisting in the estimation of the maximum of the curve of first derivative of 

UV spectrum followed by a mathematical calculation of DD according to 

internal IBWCh procedure. 

 

 Estimation of ash content 
Ash content was estimated at 8000 according to internal IBWCh testing 

procedure. 

 

Estimation of heavy metals 

The content of heavy metals was estimated with the use of Absorption 

Atomic Spectrometry according to procedure NL-13/2008 ed. IV.  

 

 Estimation of chitosan and chitosan/alginate nanoparticle size.  

The estimation of nanoparticles size in suspension was made with the use 

of DSL (Dynamic Light Scattering) with the apparatus Nicomp 380.  

 

2.3Methods 

Assessment of antibacterial activity of microcrystalline (MCC) and 

chitosan/algNa  nanoparticles  

The antibacterial activity against E. coli and S. aureus was assessed 

according to standard JIS L 1902:2002, “Examination of Antibacterial action  

of textiles. Quantitative test” 

 

Assessment of antifungal activity of microcrystalline (MCC) and 

chitosan/algNa nanoparticles  

The antifungal action against C. albicans was assessed according  

to standard ASTM: E2149-01 „Standard Test Method for Determining  
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the Antimicrobial Activity of Immobilized Antimicrobial Agent under Dynamic 

Contact Condition” – Shaking Flask Method. 

 

Spectrophotometric examination of   microcrystalline (MCC) and 

chitosan/algNa nanoparticles  

The spectrophotometric examination of nano-polymers was made by 

transmission spectrometry in IR with Fourier transform (FTIR).  

The spectrophotometric  ultra- red spectra were prepared by means of the 

apparatus  Genesis Series FTIRTM of UNICAM Co equipped with specialized 

software WinFIRST of Mattson Co USA. The spectra were prepared in the wave 

number range of 4000 - 500 cm-1, with resolution of  4 cm-1 and scan number  
of 16. The samples were analyzed in the form of tablets with KBr  at constant 

proportion of 1 mg sample and 300mg KBr. 

 

Preparation of nan-microcrystalline (MCC) and nano-chitosan/algNa complex 

in powder form 

Nano-polymers in powder form were obtained by freeze-drying by means 

of the  laboratory lyophilizing cabinet type ALFA 2-4 by Christ Co. Freeze 

drying was made in the temperature range of from (-20) to  10 0C at vacuum 

from 0,1 to 0,7 mbar. The total drying time under such conditions was from 20 to 

24 hours depending upon quantity of charge. 

 

Sterilization of the powdered nano-polymers. 

Sterilization of the powdered nano-polymers was made at the Institute  

of Radiation Technique by irradiation of the samples with fast electrons at dose 

of 25 kGy.  

 

3. Results and discussion  

3.1. Method to prepare nanoparticles of chitosan and chitosan/alginate 

Preparation of microcrystalline chitosan (MCCh) with particle size below  

1 µm was the main goal of the investigation. The ultrasonic reactor Hielscher UP 
200S equipped with sonotrode S14L2D was used to that end. Aqueous chitosan 

lactate with concentration of 0.2 wt.% and 0.1wt.% aqueous sodium hydroxide 

were used in the preparation of MCCh. The method of preparing the polymer 

runs as follows: aqueous solution of sodium hydroxide is by means of  

a peristaltic pump continuously admixed to the solution of chitosan lactate which 

is ultrasonically treated with acoustic density in the range of 4060W/cm2. 
The coagulation of the chitosan lactate was conducted directly in the ultrasound 

stream produced by the sonotrode until the pH of the suspension reached the 6.7-

6.8 level at process temperature in the 2030 0C range. Coagulation process 
finished, the obtained polymer suspension was still treated for 20 minutes with 

ultrasounds at acoustic density in the range of 3050 W/cm2. 
Within the research, attempts were also made to prepare a chitosan/sodium 

alginate complex (chitosan/algNa). Aqueous chitosan lactate with concentration 

of 0.2 wt.%  and an alkaline solution of sodium alginate with concentration  
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of 0,044 wt.%  were used in the preparation of the chit/algNa nanoparticles.  

The coagulation process of the chitosan lactate with alkaline solution of sodium 

alginate was conducted the same way as the preparation of chitosan 

nanoparticles. Outcome of the reaction was a chit/algNa complex with 95% 

content of chitosan 

 

Assessment of particle size of microcrystalline chitosan and complex 

chitosan/algNa prepared by ultrasound treatment 

Particle size was assessed in the prepared suspensions of microcrystalline 

chitosan (MCCh) and the complex chitosan/algNa. The examination was 

accomplished by Dynamic Light Scattering (DLS) technique with the use of  
the apparatus Nicomp 380. The NICOMP distribution of solid particles of  

the examined polymers is presented in Table 1. It has been documented in  

the examination that the particles size of both MCCh and complex chitosan-

algNa falls below 1 micrometer. MCCh varied in size and number content, three 

fractions for MCCh are shown and two fractions for chit/algNa (Table 1).  

In the tested sample, particles about 25 nm in diameter make the vast majority in 

MCCh ( about 97%) and those with 60nm diameter amount to 67% in the 

complex chitosan/algNa. The results testify in favour of the prepared method 

employing an ultrasound reactor. The method enables the preparation of nano-

sized particles of MCCh and complex  chi/algNa.   

 
Table 1. Dimensions of nanoparticles analyzed by DLS method, NICOMP 

distribution 

 

Sample 
No. of 

fraction 

Volume 

Weighting 

Number 

Weighting 

Intensity  

Weighting 

Diameter, 

nm 

Share 

% 

Diameter, 

nm 

Share 

% 

Diameter, 

nm 

Share 

% 

MCCh 

1 25,0 81,0 24,5 97,3 26,9 2,2 

2 137,3 10,7 132,1 2,3 158,2 38,9 

3 548,7 0,3 528,7 0,4 528,7 58,9 

Chit/Alg 
1 57,4 91,1 60,4 66,7 67,3 5,9 

2 297,1 8,9 308,5 33,3 307,5 94,1 

  
Spectrophotometric analysis of nano-MCCh and nano-complex 

chitosan/algNa 

 Spectrophotometric examination according to described method. was made 

of the prepared nano-polymers. Comparative spectra were drawn for the virgin 

chitosan, sodium alginate and complex chitosan/algNa (Fig. 1), and for  

the virgin chitosan in comparison to nano-chitosan (Fig. 2)   
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Figure 1. FTIR spectra of algNa, virgin chitosan  and complex chit/algNa 

 

In the chitosan FTIR spectrum following bands are seen: 1662cm-1 -

originating from the stretching vibrations C=O in the amide group (amide band 

I), 1619cm-1-originating from covalent vibrations N-H in the –NH2 group, and 

1573cm-1 –originating from the bending vibrations N-H in the amide group [25] 

In the spectrum of sodium alginate two characteristic bands can be distinguished:  

1635cm-1 and 1421cm-1 responding to the covalent vibrations C-O in the 

carboxylate ion [25]. 

Discernible in the spectrum of the complex chit/algNa is a new absorption band 

at 1737cm-1 that responds to the deformation deformacyjne symmetric vibrations 
N-H in the NH3

+ ion. That band points the presence of ion bonds in the complex. 

Bands of the chitosan spectrum at wave numbers 1619 i 1573cm-1 disappear.  

The disappearance of the 1573cm-1 band may be explained with the contribution 

of protonized amine groups to the creation of the chitosan-alginate complex. 

Except of the ion bonds, appearing are also inter-and intra-chain hydrogen bonds 

that are formed between the elements of the chitosan chain structure and between 

chitosan and alginate [26-27].The presence of the bonds is also confirmed with  

a broad and intensive absorption band with a maximum at 3434cm-1, appearing 

in the 3000-3500cm-1 range which indicates the occurrence of associated –OH, 

and -NH2 groups in chitosan, and –OH groups in alginate  [26,27]. 
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Figure 2. FTIR spectra of virgin chitosan and MCCh nano-particles 
 

In the FTIR spectrum of virgin chitosan there are two characteristic to the 

substance two absorption bands: 1662cm-1 (Amid I) and 1610cm-1 (Amid II) 

[25]. The absorption band originated from stretching vibrations of the –CH bond 

at 1384cm-1 for nano-MCCh is displaced to1419cm-1. In the nano-MCCh 

spectrum there appeared a new band at 1733cm-1 originating from the ester 

group. 

 

Assessment of biological activity of nano-MCCh and nano-complex chit/algNa  

It was assumed by the authors the elaborated nano-polymers be used in the 

modification of cellulosic hygiene and dressing materials for everyday uses and 
in hospitals (hygiene tissue, wadding, active layer of inserts and sanitary 

napkins, wound dressings and compresses) to confer antimicrobial properties. 

Consequently, the prepared nano-polymers were submitted to the testing of their 

antimicrobial activity against bacteria Escherichia coli and Staphylococcus 

aureus as well as the fungus Candida albicans according to standards  

JIS L 1902:2002 and ASTM: E2149-01. Prior to the testing, the nano-polymers 

were powdered by freeze-drying and sterilized by irradiation with fast electrons 

at dose of 25 kGy. The obtained results (Tables 3-5) show that both nano-

polymers exert a very good antibacterial and antifungal activity.  

The bacteriocidal activity against bacteria Escherichia coli and Staphylococcus 

aureus is very good falling into the range of 2,7-3,2 (Table 3,4). What concern 

the antifungal assessment, the nano-polymers revealed a close to 100% reduction 
against the fungus Candida albicans (Table 5.)  
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Table 3. Estimation of antibacterial activity of nano-biopolymers against 

bacteria  E. coli 

Sample 

symbol 

Time 

[h] 

No. of 

bacteria 

[jtk/Pr] 

Bacteriostatic 

activity against 

E.coli 

Bacteriocidal 

activity against 

E. coli 

Value 

of 

growth 

Reference  0 1.1x104 - - - 

Reference  24 1.5x108 - - 4.2 

MCCh  24 <20 6.9 2.7 - 

Reference  0 2.2x104 - - - 

Reference  24 8.6x107 - - 3.6 

chit/algNa  24 <20 6.6 3.0 - 

 

Table 4. Estimation of antibacterial activity of noano-biopolymers against 

bacteria S. aureus 

Sample 

symbol 

Time 

[h] 

No. of 

bacteria  

[jtk/Pr] 

Bacteriostatic 

activity 

against 

S. aureus 

Bacteriocidal 

activity against  

S. aureus 

Value of 

growth 

Reference   0 3.4x104 - - - 

Reference  24 2.8x106 - - 1.9 

MCCh  24 <20 5.1 3.2 - 

Reference  0 6.3x104 - - - 

Reference   24 8.2x106 - - 2.1 

chit/algNa  24 <20 5.6 3.5 - 

 

Table 5. Estimation of antifungal activity of nano-biopolymers against fungus C. 

albicans 

Sample 

symbol 

Time 

[h] 

No. of 

bacteria  

[jtk/Pr] 

Bacteriostatic 

activity against 

S. aureus 

Bacteriocidal 

activity against  

S. aureus 

Value 

of 

growth 

Reference   0 3.4x104 - - - 

Reference  24 2.8x106 - - 1.9 

MCCh  24 <20 5.1 3.2 - 

Reference  0 6.3x104 - - - 

Reference   24 8.2x106 - - 2.1 

chit/algNa  24 <20 5.6 3.5 - 

 



Advanced Cellulosic Materials 

Progress on Chemistry and Application of Chitin and its Derivatives, Volume XX, 2015 

DOI: 10.15259/PCA.20.01                                                                                                 15 

 

 

4. Conclusions 
1. The method prepared for the production of microcrystalline chitosan  

and complex chitozan/algNa in the stream of ultrasounds with acoustic 

density of 52.5 (W/cm2) yields biopolymers with dimensions in the nano-

metric range. 
2. Dimensions of the obtained chitosan particles fall in the 25-550nm range. 

while more than 80% of the nanoparticles reveal a 25nm diameter. 

Nanoparticles of the complex chitosan-alg are characterized by diameter  

in the range of 57-300nm. with 90% of the nanoparticles having a diameter  

of 57nm 

3. FTIR analysis of the nano-complex chit/algNa has documented the presence 

of a new absorption band at 1743cm-1. responding to the symmetric 

deforming vibration  N-H in the –NH3
+ ion. It witnesses the appearance  

of hydrogen bonds in the complex. Derived from the ester group, the 

1735cm-1 band emerged in the nano-chitosan spectrum. 

4. The prepared nano-biopolymers have shown a very high bacteriostatic and 

bacteriocidal activity against bacteria gram (-) Escherichia coli and gram (+) 
Staphylococcus aureus. as well as antifungal action against fungus Candida 

albicans.  
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