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INTRODUCTION 

 

Chitosan is a homopolymer of N-acetyl-D-glucosamine (Glc-

NAc) residues linked by β-1-4 bonds, is the most widespread 

renewable natural resource following cellulose. It is normally 

produced by the deacetylation of chitin obtained from shrimp 

waste by strong alkalis at high temperatures for long periods of 

time [1]. There are problems with the continuing supply of raw 

materials and high processing costs associated with chemical 

conversion of the chitin to chitosan [2]. Chitosan 

(polyglucosamine) is a natural and recyclable biopolymer. 

Chitosan has been used in several areas, for instance, in 

cosmetics, pharmaceuticals, food additives and agriculture [3]. 

Furthermore, the chitosan derived from such a process is 

heterogeneous with respect to their physio-chemical properties 

[2]. Current advances in fermentation technology recommend 

that many of these problems can be overcome by culturing 

chitosan-producing fungi [4]. 

 

The mycelia of various fungi including Ascomycetes, 

Zygomycetes, Basidiomycetes and Deutermoycetes, are 

alternative sources of chitin and chitosan [5]. However, the 

culture medium is highly cost that an inexpensive procedure of 

chitosan production would be effectively if chitosan could be 

created by fungi using raw materials. Chitosan produced using 

fungi has established much interest due to the need for a different 

source of chitin to clarify these problems. It is well recognized 

from studies which definite fungi include chitosan as a cell wall 

component [6], Fungi with significant quantity of chitin in their 

cell walls, and upon the extraction of chitosan from these cells 

[7,8].  

 

The antibacterial activity of chitosan is biased by a quantity 

of factors that consist of chitosan types, chitosan polymerization 

levels and additional physicochemical properties. Chitosan 

capability higher antibacterial activity against Gram-positive 

bacteria than Gram-negative bacteria. In addition, besides 

depends on the molecular weight and solvent,5 and differently 

affected by pH, with higher activity at lower pH values [6]. 

The aim of this study was to estimate the opportunity to create 

chitosan from Aspergillus niger ATCC 16404 under different 

conditions. Also, application of chitosan as antimicrobial agent 

was investigated. 
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 ABSTRACT 

Chitosan synthesized from Aspergillus niger ATCC 16404, may display potential antibacterial 

activity. The purpose of this study was to evaluate the in vitro antibacterial activity of chitosan 

against various microorganisms such as Pseudomonas aeruginosa ATCC 9027, Escherichia coli 

ATCC 8739 and Bacillus subtilis ATCC 6633. The physicochemical properties were analyzed by 

FTIR. Lower antibacterial activity was exhibited for chitosan concentrations of between10 and 60 

µg/ml compared to that of between 70 and 100 µg/ml of chitosan for all bacteria, whilst chitosan 

concentrations of above 70 µg/ml exhibited strong inhibition for the bacteria Escherichia coli 

ATCC 8739 and Bacillus subtilis ATCC 6633 with a slightly lower inhibition was observed for 

Pseudomonas aeruginosa ATCC 9027 indicating the higher antibacterial activity of chitosan for 

Escherichia coli ATCC 8739 and Bacillus subtilis ATCC 6633. Results show that chitosan could 

inhibit the growth of different bacteria tested.  
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MATERIALS AND METHODS 

 

Strain and culture media  

Aspergillus niger ATCC 16404 was obtained from USA. 

Materials used in this study were obtained from Sigma company. 

Preparation of inoculums 

Aspergillus niger ATCC 16404 grown on (MGYP) medium 

plates was containing 0.3 % malt extract, 1 % sucrose, 0.3 % 

yeast extract, and 0.5 % peptone, incubated 30°C for 5 days. 

After incubation, plates were observed for the growth of fungi 

and isolated colonies on the plates were pure cultured and 

maintained in PDA slants at 4ºC [9]. 

 

Culture conditions and fermentation process  

One loop of fungal spores from slant tubes of PDA broth medium 

was inoculated at 30°C for 48 h. Yeast extract and glucose were 

implemented as nitrogen and carbon sources to effective the 

growth of fungi. One mL of spore suspension was inoculated into 

sterile flasks containing (MGYP) medium was containing 0.3 % 

malt extract, 1 % sucrose, 0.3 % yeast extract, and 0.5 % peptone 

and shaken to distribute the spores [10]. The flasks incubated at 

30°C /96 days [11,12]. 

 

Preparation of Biomass  

Biomass was washed with distilled water and was separated by 

centrifugation at 6000 rpm for 30 min. The residue was washed 

several times with distilled water, recentrifuged until all medium 

was removed and was dried at 45° C for 24 h [13].  

 

Extraction of Chitosan  

The fungal mycelia were extracted by added 50 ml of 1 N NaOH 

solution (1:30 w/v) gently into the culture medium and the 

alkaline suspension was homogenized. The content was sterilized 

at 121°C for 20 mins. The alkali insoluble materials (AIM) were 

collected by centrifugation at 6000 rpm for 20 mins and then 

washed several times with distilled water to neutralize them to 

pH 7.0. AIMs were dried in an oven at 40 °C and treated with 

acetic acid 2 %(v/v), as a chitosan solvent, under reflux condition 

for 6 hrs at 95 °C (1:30 w/v).  

 

The acid insoluble fraction was precipitated at 6000 rpm for 

15-20 min and the supernatant containing the chitosan was 

isolated. Chitosan was precipitated with clear yellowish colour, 

the pH was adjusted with 2N NaOH, and chitosan was 

centrifuged at 6000 rpm, for 15 min. The isolated chitosan was 

washed four to five times with distilled water to neutralize and 

96% ethanol and acetone were used to rinse chitosan and dried at 

60 °C [14,15]. 

 

Antimicrobial Activity of chitosan by disk diffusion method  

The antimicrobial activity of AgNPs was investigated against P. 

aeruginosa ATCC 9027, E. coli ATCC 8739 and B. subtilis ATCC 

6633 using disk diffusion method. Each strain was grown into 

individual plates after incubation at 28 °C for 28 h, the diameter 

of inhibition zone. The assays were performed in triplicate [16].  

 

Antimicrobial Activity of different concentration of chitosan 

for some pathogenic bacteria 

Test tubes each containing 1mL of LB broth medium were 

autoclaved for 15min at 121°C. Chitosan powder is only soluble 

in acetic con. (0.25%) media and adjust pH 5. The first tube, 

chitosan solution concentration (10-100µg/mL) was added with 

50µL of different pathogenic bacteria suspension such as 

(Pseudomonas aeruginosa ATCC 9027, Escherichia coli ATCC 

8739 and Bacillus subtilis ATCC 6633. After that, the tubes were 

incubated at 37 °C for 48h. The blank control tubes were only 

contained LB broth medium and 0.25% acetic acid [17].  

RESULTS AND DISCUSSION 

 

The isolated chitosan produced by Aspergillus niger (Fig. 1) was 

subjected to FTIR analysis from the range of 400 to 4000 cm-1. 

The FTIR spectrum showed six peaks (Fig. 2). The two major 

peaks (No. 1,3) at ~3455.81 cm-1 and ~1638.23cm-1 correspond 

to the hydroxy and amide groups, respectively [12]. The other 

peaks obtained were at ~2102.99 cm-1, ~1410.67cm-1, 

~1083.8cm-1and ~ 546.72cm-1. The peak at ~1410.67 cm-1 

indicated the presence of CH3 group and the peak at ~1410.67 

cm-1 corresponded to the N-H deformation of amide group which 

can be observed clearly in pure chitosan, which decreased 

dramatically [8]. 

 

 

 
 

 
Fig. 1. Chitosan produced from Aspergillus niger ATCC 16404. 

 

 
Fig. 2. Characterization of chitosan by Fourier Transform Spectroscopy 

(FTIR). 

 

Antimicrobial activity 

Chitosan is only soluble in acidic media, which could be well 

dispersed in bacterial suspension after a slight shock for a nice 

dispersion. Bacteria can hold on surface of chitosan considerably 

in short time of just 30 min; thus, chitosan and chitosan 

nanoparticles demonstrate antibacterial activity. According to the 

literature [4,17-19] chitosan possesses antimicrobial activity 

against a number of Gram-negative and Gram-positive bacteria. 

The antimicrobial activity of chitosan, against various 

microorganism such as P. aeruginosa ATCC 9027, Escherichia 

coli ATCC 8739 and B. subtilis ATCC 6633 is shown in Figs. 3 

to 5, respectively. 

 

Lower antibacterial activity was exhibited for chitosan 

concentrations of between10 and 60 µg/ml compared to that of 

between 70 and 100 µg/ml of chitosan for all bacteria, whilst 

chitosan concentrations of above 70 µg/ml exhibited strong 

inhibition for the bacteria Escherichia coli ATCC 8739 and 

Bacillus subtilis ATCC 6633 with a slightly lower inhibition was 

observed for Pseudomonas aeruginosa ATCC 9027 indicating 

the higher antibacterial activity of chitosan for Escherichia coli 

ATCC 8739 and Bacillus subtilis ATCC 6633. 
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Fig. 3. The effect of chitosan suspension at pH 6.5 against Pseudomonas 

aeruginosa ATCC 9027. 

 

 

 
 
Fig. 4. The effect of chitosan suspension at pH 6.5 against Escherichia 

coli ATCC 8739. 

 

 

 
 
Fig. 5. The effect of chitosan suspension at pH 6.5 against Bacillus 

subtilis ATCC 6633. 

 

It has been shown that chitosan strong antimicrobial activity 

against both gram-positive and gram-negative bacteria, such as 

P. aeruginosa ATCC 9027, Escherichia coli ATCC 8739 and B. 

subtilis ATCC 6633, which is  similar to several reports from the 

literature [17,18]. Two theories have been considered for 

chitosan mechanism as antimicrobial agent. First of all, the 

interaction between the positively charged chitosan molecules 

and negatively charged microbial cell membranes consequences 

in the disruption of the cytoplasmic membrane and,  ultimately, 

leakage of intracellular constituents [19]. In additional, chitosan 

oligosaccharides basically permeate into the nucleus of 

eukaryotic cell and interfere with the transcription of RNA and 

the synthesis of proteins. However, chitosan with high molecular 

weight (above 100 kDa) normally express stronger antibacterial 

activity than chitosan oligomers [19]. 
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