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 Abstract: 

Yeast extract peptone glucose medium (YPG) was the best medium for higher 

fungal biomass production and chitosan production. The chitosan was extracted by 

using a two-steps biological treatment process: demineralization by lactobacillus 

plantarum and deproteinization by Pseudomonas aeruginosa. Chitosan exhibited a 

strong antibacterial effect  on the gram-positive bacteria than gram-negative since the 

inhibition rates were 47 and 50% against Staphylococcus aureus and Bacillus cereus, 

respectively, also  the growth inhibition effect by chitosan against fungi was not 

strong  as  in the case of bacteria. So that  Pseudomonas aeruginosa, that has 

frequently multi drug resistant and  contribution to the high morbidity and mortality 

of patients, may be used as useful tool in biological treatment for deproteinization and 

extraction of chitosan that has a promising applications in the medical field.  
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Introduction 

         Aspergillus is a member of the phylum ascomycota. Aspergillus flavus is 

a saprotrophic and pathogenic fungus  that attracted worldwide attention for its 

industrial use and toxigenic potential. Aspergillus flavus has an ability to survive in 

difficult environments allows it to easily overcomes on other organisms for substrates 

in the soil or in the plant(1). Macromorphological features which are considered 

include conidial and mycelial colour, colony diameter, colony reverse colour, 

production of exudates and soluble pigments, presence of sclerotia and cleistothecia. 

Micromorphology characterization is mainly dependent on seriation, shape and size of 
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vesicle, conidia and stipe morphology and morphology of cleistothecia and 

ascospores (2,3). Aflatoxins are produced by toxigenic strains of Aspergillus 

flavus.  Such mycotoxins are toxic metabolites, difuran coumarin derivates, 

responsible for carcinogenic, mutagenic and teratogenic effects and represent a risk to 

human and animal health(4). 

 

           Pseudomonas aeruginosa belongs to a vast genus of obligate aerobic, non-

fermenting, saprophytic, Gram-negative bacilli widespread in natural environment 

such as soil, plant surfaces, fresh vegetables, sewage, waste water, sink, moist 

environment, and river water. Its profound ability to survive on inert materials, 

minimal nutritional requirement “growing in distilled water”, which is evidence of its 

minimal nutritional needs
2

, tolerance to a wide variety of physical conditions and its 

relative resistance to several unrelated antimicrobial agents and antiseptics, 

contributes enormously to its ecological success and its role as an effective 

opportunistic pathogen(5).  

            Pseudomonas aeruginosa exhibits considerable rate of nosocomial infection in 

prolonged admission of patients in hospital and tendency of nosocomial pathogenic to 

acquire new antibiotic resistance traits poses a great problem in their treatment and 

control. Clinical isolates were highly resistance to the antibiotic when compared to the 

environmental isolates; this may be due to the constant exposure to the antibiotic in 

the hospitals environment(6). 

            Chitosan is chemically defined as a copolymer of α-(1,4) glucosamine 

(C6H11O4N)n (7). Chitosan is essentially composed of --1, 4 D-glucosamine 

(GlcNAc) linked to N-acetyl-D-glucosamine residues, derived from de-Nacetylation 

of chitin. chitosan is less commonly found in living organisms than chitin and can be 

found in the cell walls of certain groups of fungi, particularly Zygomycetes fungi 

including Absidia, Gongronella, Mucor and Rhizopus(8). chitosan shows many 

unique properties, such as biocompatibility, biodegradation, biological activity and 

low-toxicity(9). Chitosan has recently many fields of applications such as in 

cosmetics, pharmaceuticals, food additives and agriculture. It is used as a component 

of toothpastes, hand and body creams, shampoos, body creams, lowering of serum 

cholesterol, cell and enzyme immobilizer, as a drug carrier, material for production of 

contact lenses, or eye bandages, etc. Chitosan have the important food related 

applications which include purification of drinking water, recovering protein from 

fish wash water and meat processing plants, using in animal feeds, clarifying wine etc. 

Chitosan is used in the thin layer chromatography for the separation of nucleic 

acid(7).The aim of this research to extract chitosan from Aspergillus flavus by using 

biological methods  and detection of antimicrobial activity. 

Materials and methods 

Microorganisms 

1- Aspergillus flavus 
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Isolation of Aspergillus flavus isolated from stem and leaf segments taken from 

medicinal plants and identified according to Nelson (10). 

 

2-Bacterial and fungal isolates 

      Bacterial isolates such as Lactobacillus plantarum, Pseudomonas aeruginosa, 

Staphylococcus aureus, Bacillus cereus, Escherichia coli, Shigella dysenteriae , 

Enterococcus faecalis and Salmonella typhimurium. Also the fungal isolates such as 

Aspergillus niger, Aspergillus terreus , Cladosporium sp. , Penicillium  sp. and 

Candida albicans were collected from biology department laboratories.    

Fungus and culture medium 

          Three growth media that was  described by (11) including: YPG (yeast extract 

3gm/l, peptone 10gm/l, glucose 10gm/l and 1 ml/l trace elements), BG (nutrient broth 

8gm/l; yeast extract 0.1gm/l; glucose 5gm/l; KCl 0.1gm/l; MgSO4.7H2O 0.25gm/l; 

MnCl2.4H2O 0.002gm/l and FeSO4.7H2O 0.00029 gm/l), and TVB (glucose 20 gm/l; 

(NH)2SO4 1.4 gm/l; KH2PO4 2 gm/l; CaCl2 0.3gm/l; MgSO4.7H2O 0.3 gm/l; 

molybdic acid 85% 0.01 gm/l and 1ml/l trace elements (per 500 mL: FeSO4.7H2O [5 

gm], ZnCl2 [1.66 gm], CoCl2.6H2O [2 gm], MnSO4.7H2O [1.96 gm] and hydrochloric 

acid 12 M [10 mL]) were prepared.. Inoculum was prepared aseptically by adding 

sterilized distilled water onto the fungal mycelia grown on potato dextrose agar plates 

(PDA) and then carefully scraping the spores from the mycelia using a stab wire. 

Spore suspension was filtered into a sterilized flask and spore count was performed 

using a haemacytometer. The spore suspension was prepared as 1x10
7
 spores/ml. 5 

mL of spore suspension was inoculated into each medium. The fungus was grown as 

submerged batch cultures at 30 °C and with agitation of 150 rpm for 96 hours. After 

cultivation, fungal mycelia were recovered by filtration (no.1; Whatman), washed 

twice with distilled water until a clear filtrate was obtained and then dried at 65 ºC to 

a constant weight. 

Extraction of Chitosan 

        The chitosan was extracted by modification the method that described by(12) as 

follow: 

1-Preparation of inoculum 

         Lactobacillus plantarum was transferred in 5 mL MRS broth and incubated at 

30
o
C for 24 hrs. Then 2 mL of starter culture was transferred in 100 mL sterile MRS 

broth and incubated at 30°C for a further 24 hrs.  

2-Fermentation 

        Ten grams of  dried fungal mycelium and grind was added to 10% of glucose as 

carbon source followed by 10% culture inoculum. Then incubated for 7 days at 30°C, 

in the presence of 5%CO2. The fermentative culture medium was centrifuged at 3000 

rpm for 5 min. The recovered solids were washed thoroughly several times using 

deionized-distilled water followed by drying hot air oven. 

3-Calcium carbonate separation 

Demineralization 
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         Demineralization is carried out by lactic acid producing bacteria through the 

conversion of an added carbon source. 

Protein separation 

         Separation of protein is carried out by proteases secreted into the fermentation 

medium. The deproteinization can be made by y proteolytic bacteria. 10%(v/v) of 24-

hour culture of Pseudomonas aeruginosa in brain heart infusion medium was added to 

a sterilized mineral 

solution  (0.1% KH2PO4, 0.05% MgSO4 ⋅7H2O) containing 3% (w/v) dried 

decalcified fungal mycelium. Then the mixtures was  filtered and the residue was 

washed with distilled water until neutralization, then dried in a hot air oven at 40°C 

until constant dry weight and stored 

until further analysis. 

4-Verification of the produced chitosan  

         Quality of the produced chitosan was checked by a solubility test with 1% 

Acetic Acid. Chitosan dissolves completely in 1% Acetic Acid. For the estimation of 

chitosan produced the sample was put inside a clean beaker and 10 to 20 mL of 1% 

acetic acid was added to it. The solution was kept in BOD shaker for 30 to 40 

minutes. Then the sample was taken out and weighed, carefully. 

Antimicrobial activity of  extracted chitosan 

1-Antibacterial activity  

          The Agar cup diffusion method was used for detecting the antibacterial activity 

for chitosan. In this method, nutrient agar was prepared, poured into culture plates and 

left overnight for solidification. The six bacterial species Staphylococcus aureus, 

Bacillus cereus, Escherichia coli, Shigella dysenteriae, Enterococcus faecalis and 

Salmonella typhimurium were taken as test strains and inoculated in liquid culture and 

incubated for 24hrs at 35°C. These were to be used as the source for the antibacterial 

assay. The bacterial strains were spreaded  over the media. Two wells of 6mm 

diameter were dug into each plate and 12 μl of chitosan dissolved in 1% acetic acid 

were poured in each well. The plates were then incubated at 35°C for 24 hours.. If 

there is any antimicrobial activity in the extract then a zone of clearance will be 

formed around the corresponding well, which occurs due to diffusion of the extract 

through the agar. All the results were compared with the standard antibacterial 

antibiotic ampicillin (20 μg/disc)(13). 

2-Antifungal activity  

         The antifungal activity of chitosan was investigated by normal inoculation 

method. Different fungal isolates such as Aspergillus niger, Aspergillus terreus , 

Cladosporium sp. , Penicillium  sp. and Candida albicans. Potato dextrose agar 

medium was prepared and the  selected fungi were inoculated and left in normal 

condition for the growth of the fungi. This was to be used as the mother culture acting 

as the source for of fungal strain for corresponding applications. Five sterilized 

culture plates were taken, among them five were taken for the chitosan and one was 

taken as control. In the first five culture plates equal amount of media with 3 mL of 

chitosan was poured along with 25 ml of media. The control plate was composed with 

media and no chitosan and left for solidification of media. The culture plates were 
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then inoculated with fungal strains from the mother culture and incubated for 5 days 

at 28°C. The plates were then checked for presence of anti-fungal activity. The 

average of two measurements was taken as mycelial colony diameter of the fungus in 

mm. All the antifungal results were compared with the standard antifungal antibiotic 

Nystatin (100 μg/mL PDA). Lactose was used as negative control(13). The 

percentage inhibition of radial mycelial growth of the test fungus was calculated as 

follows:   % Inhibition = (C-T/C) × 100 

 

Results and Discussion 

Fungal Growth and chitosan production 

            Aspergillus flavus exhibited higher growth on YPG medium (Figure-1), in 

comparison with the other media(BG and TVB). There was relationship between the 

biomass production and chitosan production for Aspergillus flavus.  high biomass 

yields result in high chitosan production (14). Andrade et al. (15) reported that  high 

nitrogen content leads to increase in the synthesized enzymes that involved in 

chitodan biosynthesis. So that the highest yield of chitosan in  YPG due to high 

nitrogen content as comparison with other media. The increasing in the incubation 

period led to increase in mycelial biomass and chitosan production until 60 to  72
 
 

hours of culturing whereby the fungi is in the late exponential phase of growth and the 

highest amount of chitosan is extracted and after this time chitosan extraction 

exhibited a gradual decrease although fungal biomass continued to increase(16).  The 

production of chitosan from endophytic fungi can be consedered as alternative  source 

to chitosan production from the shells of crustaceans and the recovery of produced 

chitosan from fungi was appropriated and can be scaled up for large scale 

production(17).  

         Lactic acid is formed from breakdown of glucose to formlactic acid and 

decreasing the pH value, which improves the ensilation that encourage the growth of 

contaminated microorganisms. Lactic acid reacts with the calcium carbonate 

component in the chitin fraction and leading to the formation of calcium lactate, 

which precipitates and can be removed by washing. The resulting organic salts from 

the demineralization process could be used as de- and anti-icing agents and/or 

preservatives(18). The combination of Lactic acid fermentation with chemical 

treatments has been considered as an alternative method for chemical extraction of 

chitin decreasing the amount of alkali and acid required(19). It was considered as a 

pretreatment of shrimp waste followed by demineralization and deproteinization using 

low concentrations of HCl (0.5 M) and NaOH (0.4 M)(20). 
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Figure.1: Profile of biomass and chitosan production from Aspergillus flavus 

grown on different media. 

Antimicrobial activity of  extracted chitosan 

       In vitro antibacterial activity for chitosan was assayed against six pathogenic 

bacteria. The results that revealed in Table (1) exhibited a strong antibacterial effect  

on the gram-positive bacteria, as Bacillus cereus and Staphylococcus aureus. The 

diameter of zone inhibition by the addition of chitosan was significant effective for 

Bacillus cereus and Staphylococcus aureus to be 9 and 10 mm, respectively . In 

contrast, the chitosan has inhibited less effect for Escherichia coli  with an inhibition 

rate 33%. On the other hand, chitosan did not any effect against  only Enterococcus 

faecalis. 

 

Table.1: Antibacterial activity of the extracted chitosan against gram-negative 

and positive bacteria 

Bacteria Diameter of 

inhibition zone for 

ampicillin(mm) 

Diameter of 

inhibition zone 

forchitosan(mm) 

Inhibition 

rate% 

Staphylococcus aureus   19 10 47 

Bacillus cereus 18 9 50 

Escherichia coli  18 12 33 

Shigella dysenteriae 17 11 35 

Enterococcus faecalis 20 0 0 

Salmonella 

typhimurium 

20 13 35 

 

         In vitro antifungal Antimicrobial activity of  extracted chitosan was determined 

against five phytopathogenic fungi with antifungal antibiotic Nystatin as positive 

control. Generally the growth inhibition effect by chitosan against fungi was not 

strong  as  in the case of bacteria. Chitosan showed significant inhibition (23%) of 

mycelial growth against Penicillium  sp. among all tested fungi (Table 2). On the 

other hand, the growth of Cladosporium sp.  and Candida albicans (13 and 17%, 
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respectively) was moderately inhibited by the chitosan. However, the growth of 

Aspergillus niger  and Aspergillus terreus were never inhibited by chitosan, though 

the growth of all the five fungi was totally inhibited by antifungal antibiotic Nystatin 

(100 μg/mL PDA).  

 

Table-2: Antifungal activity of the extracted chitosan against phytopathogenic 

fungi 

Fungus Diameter of 

inhibition zone 

for Nystatin 

(mm) 

Diameter of 

inhibition zone 

for 

chitosan(mm) 

Inhibition rate% 

Aspergillus niger 16 0 0 

Aspergillus terreus 17 0 0 

Cladosporium sp. 23 20 13 

Penicillium  sp. 17 13 23 

Candida albicans 23 19 17 

 

           In  the recent years, there was a great attention forward  the antimicrobial 

activity of chitin, chitosan, and their derivatives against different groups of 

microorganisms, such as bacteria, yeast, and fungi. There were two main mechanisms 

suggested as the cause of the inhibition of microbial cells by chitosan. The first 

included the interaction with anionic groups on the cell surface, due to its polycationic 

nature, causes the formation of an impermeable layer around the cell, which prevents 

the transport of essential solutes. The second involved the permeabilizing effect that 

observed at slightly acidic a condition in which chitosan is protonated, but this 

permeabilizing effect of chitosan is reversible(21). The antifungal and antibacterial 

activities of chitosan can be employed in production of biofertilizers and biopesticides 

of economical benefits (22). 

Conclusions 

            Our results indicate that P. aeruginosa, that exhibited considerable rate of 

nosocomial infection in prolonged admission of patients in hospital and tendency of 

nosocomial pathogenic to acquire new antibiotic resistance traits poses a great 

problem in their treatment and control, may be used as useful tool in biological 

treatment for deproteinization and extraction of chitosan that has a promising 

applications in the medical field such as antibacterial and antifungal activity..  
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 البكتيريا المسببة للأمراضانواع التعامل مع بعض  يفالسلامة الأحيائية 

 

 ؛دوٌش  أحمد ساهً ؛كاظمًلاإسراء  ؛علاء نصٌر محمد علً؛ رنا صباح جواد ؛مسلم صٌفن ساهرة

 حمود حسٌن ظٌمةن 

  جامعة المستنصرٌةال، كلٌة العلوم، لوم الحٌاةعقسم 

، s2008mk@yahoo.com ،alaan29775@gmail.com :: البرٌد الإلكترونً
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 :لخلاصةا 

أفضل وسٌط لزٌادة إنتاج الكتلة الحٌوٌة الفطرٌة ً ه (YPG) خلاصة الخمٌرة ببتون الجلوكوز المتوسطة

بٌولوجٌة: الشٌتوزان باستخدام اثنٌن من خطوات عملٌة المعالجة ال ستخلاصاوإنتاج الشٌتوزان. تم 

(demineralization by lactobacillus plantarum and deproteinization by 

Pseudomonas aeruginosa) .الشٌتوزان تأثٌر مضاد للجراثٌم قوي على البكتٌرٌا إٌجابٌة  هرظا

عصٌة ال٪ ضد المكورات العنقودٌة الذهبٌة والشمعٌة 05و  74الجرام من غرام سلبٌة حٌث أن معدلات تثبٌط 

 ضد الفطرٌات لم ٌكن قوٌا كما فً حالة من البكتٌرٌا. تثبٌط النمو على الشٌتوزان  أثٌرتالً، وكذلك على التو

 .: السلامة الأحٌائٌة، الشٌتوزان، البكتٌرٌا المسببة للأمراضلمفتاحٌةاكلمات ال
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