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Abstract   The effect of Solid State Fermentation (SSF) on Chitosan production by A. niger was 
investigated. A. niger BBRC 20004 from Biochemical and Bioenvironmental Research Centre of 
Sharif University of Technology (Tehran, Iran), was grown on corn residue. Chitosan was extracted 
from the fungal mycelia using hot alkaline and acid treatment. A. niger was incubated for 12 days on 
corn residue with moisture content of 35 % and 1.12 % of nitrogen. The Chitosan was obtained and 
10.9 g/kg of Urea dry residue was added in various amounts to the medium in order to evaluate the 
effect of the nitrogen concentration in the production of Chitosan. The highest amount of Chitosan 
obtained by 6.5 g of urea after 12 days of incubation was 16.15 g/kg. 

 
Keywords   Chitosan, A. niger, Corn residue, SSF (Solid State Fermentation), Urea 

 
مرکز تحقيقات مهندسی ( BBRC ٢٠٠٠٤ اثر تخميرحالت جامد با استفاده از قارچ آسپرژيلوس نايجرچكيده       

، روی محيط گنجاله ذرت به عنوان سوبسترای جامد )بيوشيمی و کنترل محيط زيست، دانشگاه صنعتی شريف
.  قليا واسيد استخراج گرديدکيتوسان بدست آمده از قارچ به روش. حاوی نيتروژن مورد بررسی قرار گرفت

کيلوگرم / گرم٩/١٠ درصد نيتروژن در روز دوازدهم کشت ١٢/١ درصد و ٣٥بيشترين مقدار توليد با رطوبت 
بيشترين . اوره به عنوان منبع نيتروژنی در مقادير مختلف به محيط کشت افزوده شد. ماده خشک بدست آمد

 . گرم اوره توليد گرديد٥/٦کيلو گرم با افزايش / گرم١٥/١٦مقدار کيتوسان در روز دوازدهم کشت 
 
 

1. INTRODUCTION 
 
Chitosan, β-(1→4) D-glucosamine, is a partially 
deacetylated form of Chitin, β-(1→4) N-acetyl-D-
glucosamine, by thermo-chemical deacetylation in 
concentrated sodium hydroxide solution. Figure 1 
shows a dimmer of D-glucosamine and Chitin 
is a polymer of N-acetyl-D-glucosamine [1]. 
Environmental friendly alternative, Chitin is a 
substance found naturally in the exoskeletons of 
insects, shells of crustaceans such as crab, shrimp, 
crawfish and fungal cell walls. Chitosan is a 
natural and biodegradable biopolymer. It can be 
used in a wide range of fields such as  biotechnology 

(enzyme immobilization), food and nutrition 
(emulsifying, thickening and stabilizing agent, 
packaging membrane, antioxidant and dietary 
supplement), water engineering (flocculants, 
chelating agent for metals), and medical applications 
(artificial skins, drug-delivery systems, blood 
anticoagulant and recently in gene therapy as well) 
[2]. Since Chitosan is usually insoluble in water, it 
is necessary to protonate its NH2 groups to obtain 
the soluble acidic form. Chitosan solubilization is 
usually carried out by chemical acidification with 
mineral or organic acid, such as hydrochloric or 
acetic acid [3]. Chitosan from various sources are 
commercially available, mainly from shrimp, but 
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also from squids, lobsters and crabs. 
     Chitin is obtained from the shells by removing 
calcium carbonate, pigments, proteins and lipids 
immediately after peeling the shrimps [3,4]. 
However it has heterogeneous and inconsistent 
physiochemical properties, since supplies of the 
seafood wastes are seasonable and variable, new 
researches have been carried out on the use of 
alternative sources for Chitosan [5,6]. The studies 
were focused mainly on Chitosan from fungi. 
Production and purification of Chitosan from the 
cell walls of fungi grown under controlled 
conditions, offer greater potential for more 
consistent products [6]. 
     The advantage of using fungi is the easy 
handling, harvesting and controlling to produce 
high quality Chitosan, however recent advances in 
fermentation technology suggest that many of 
these problems concerning conventional methods 
can be overcome by culturing Chitosan-producing 
fungi. Fungal biomass can be produced by 
solid-state fermentation (SSF) and submerged 
fermentation (SMF). Among various groups of 
microorganisms used in SSF, the filamentous fungi 
are most exploited because of their ability to grow 
on complete solid substrate, which has been 
reported that the yield of Chitosan using SSF 
(w/w) is higher than that in SMF (w/v) due to the 
low amount of mycelia produced in SMF [1,2]. So, 
there has been considerable interest to produce 
Chitosan in SSF processes. It has been reported 

that Chitosan yield from A. niger TISTR3245 
grown on soybean residue with nitrogen content of 
0.6 % (moisture 69.9 %, carbohydrate 18.4 %) and 
mung bean with nitrogen content about 0.002 % 
(moisture 77.5 %, carbohydrate 21.4 %), respectively 
reached a maximal value of 2.1 Chitosan (g/kg 
substrate) at 12 day of inoculation [5]. These 
findings can express the quality and amount of 
Chitosan extracted from the fungal mycelia depends 
on fungal strain, fermentation type, fermentation 
medium composition and harvesting time [1,2]. 
Since Chitosan is nitrogen containing biopolymer, 
so fungi require an inorganic or organic nitrogen 
source and sugar as nutrient to synthesize the 
chitin/Chitosan for their cell wall [1]. 
     The purpose of the present work is to use 
A. niger as a fungal source and corn residue as a 
media. Also Urea in different concentrations is 
added to the medium to increase the production of 
Chitosan. 
 
 
 

2. MATERIALS AND METHODS 
 
2.1. Chemical   Potato dextrose agar (PDA), 
NaOH, and Acetic Acid obtained from Merck 
Company. Ethanol and acetone used in this study 
were of commercial grade. Other chemicals used 
for Macro Kjeldahl distillation (nitrogen test) and 
Anthrone Colorimetric Method (carbohydrate test) 
were of analytical or higher grade. 
 
2.2. Determination of Nitrogen and 
Carbohydrate Content   The Kjeldahl method 
is a means of determining the nitrogen content of 
organic and inorganic substances [10]. Anthrone 
Colorimetric Method used for carbohydrate 
determination [11]. 
 
2.3. Microorganism   The fungus strain used in 
this study was A. niger BBRC 20004, obtained 
from (Biochemical and Bioenvironmental Research 
Centre, Sharif University of Technology, Tehran, 
Iran). 
 
2.4. PDA Slants Preparation   Potato Dextrose 
Agar (PDA) slants were prepared in order to 
cultivate the selected A. niger BBRC 20004 strain; 
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Figure 1. Schematic structures of chitosan and chitin. 
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therefore 3.9 gr of PDA powder was continuously 
dissolved in 100 ml of distilled water in a shaking 
flask on mild heat until the solution foamed by 
reaching to its boiling point. Afterwards the 
amount of 10 ml of prepared PDA solution is 
distributed into ten tubes, and then the tubes were 
plugged with cotton wool, covered with aluminium 
foil. At last the tubes were autoclaved at 121˚C for 
20 minutes [12]. 
 
2.5. Culture Media   A. niger BBRC 20004 was 
harvested on 3.9 % Potato Dextrose Agar (PDA) 
slants at 30˚C for 3 days. The grown microorganism 
on PDA slant, is cooled and solidified, stored in the 
refrigerator for use. 
 
2.6. Spore Suspension Preparation   Spore 
suspension was used as an inoculum for residue 
culture media. A 5-day-old culture of A. niger 
grown on PDA slant was used to prepare spore 
suspension for inoculation into the residue media, 
so, the sterilized serums (9 g/lit NaCl solutions) 
which was sterilization at 121˚C for 20 minutes 
previously, were poured into a prepared PDA slant, 
and after sufficient shaking, it was poured back to 
the original serum tube. Then spores suspension in 
the serum tube was completely homogenized by 
means of tube shaker. 
     After all, the number of spores in suspension 
was examined for the microscopic spore count 
with a Neubauer. The spore concentration was 
adjusted to about 3 × 106 spores/ml by 10 to 20 
times dilution. 
 
2.7. Solid Substrate Preparation   Corn 
residue was supplied for solid culture medium of 
fermentation. The dry corn residue were examined 
for moisture, nitrogen, carbohydrate and ash 
content prior to solid-state fermentation, as shown 
in Table 1. The initial pH of the corn seed residue 
was 6.5. 
     With respect to heat transfer restrictions and in 
order to have a suitable porosity in solid substrate 
medium of fermentation, 30 g of dry substrate 
weighed in 500 ml flasks. Since the prepared 
residues had moisture of 9.5 percent, which was 
not enough moisture for the growth of fungi; 
therefore, the substrate moisture was adjusted by 
adding distilled water. Then those flasks were hand 
shaken to homogenize the solid mediums and 

autoclaved (121°C,20 min). One ml of spore 
suspension (about 3×106 spores/ml) in sterile 
condition was inoculated into sterilized flasks and 
shaken to distribute the spores (The final moisture 
contents of the flasks before the incubation period 
were approximately 35 %). The variation of 
moisture content and pH values were studied 
according to the previous works [7,17]. The flasks 
were cotton-plugged and remained static during 
incubation at pH 6.5 for 4, 8, 12 and 16 days at 
30°C. The amount of Chitosan obtained is 
shown in Figure 2, values are the average of the 
two replicates ± standard deviation. Shaking 
can alleviate some of the problems encountered 
with solid substrate beds. It can improve the 
 
 
 
TABLE 1. Composition of Corn seed Residue with pH = 
6.5 used in this Research Study (aMean ± SD, N = 3). 
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corn residue at 35%moisture pH==6.5
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Figure 2. Chitosan production from A. niger in solid state 
fermentation at different days. 
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accessibility of oxygen to the substrate surface by 
disrupting aerial fungal hyphae, which grow into 
and fill up the inter-particle spaces. However, 
shaking has deleterious effects; espatially shear 
forces can damage conidiophores, leading to 
decreased spore production [13], regarding thin 
layer bed and good oxygen accessibility, flasks 
remained static. 
     Urea was added in various amounts to the media. 
The results are shown (Figure 3-5), values are the 
average of two replicates ± standard deviation. 
 
2.8. Chitosan Extraction   After cultivation, 
forty parts of 1 N NaOH solution were mixed with 
1 part of mycelia (v/w). The alkaline suspension 
was homogenized [6]. Then the flask containing 
homogenized black fungal alkali suspension was 
sterilized at 121°C for 20 minutes (alkali treatment). 
After that, the alkali insoluble materials (AIM) 
centrifuged at 6000 rpm, and they were washed 
with distilled water several times and centrifuged 
until neutral condition obtained (pH=7). AIMs 
were dried in an oven at 40°C. Dried alkali insoluble 
materials were treated with acetic acid 2 % (v/v), as 
a Chitosan solvent, under reflux condition for 6 
hours at 95°C. Afterwards by centrifugation the 
acid insoluble fraction was precipitated at 6000 
rpm for 15-20 min and the supernatant containing 
the Chitosan was isolated. To precipitate fungal 
Chitosan, with clear yellowish colour, the pH 
was adjusted with 2N NaOH solution, and then 
flocculated Chitosan was centrifuged at 6000 rpm, 
for 15 min. Isolated Chitosan was washed four to 
five times with distilled water to neutralise. At the 
same time ethanol (96 %) and acetone were 
employed to rinse Chitosan and then it was dried in 
vacuum oven dryer at 60°C [5,6,9 and 14]. The IR 
spectra of Chitosan were carried out using the 
KBr disc method in Unicam Mattson 1000 
FTIR spectrophotometer (Figure 6). Based on the 
infera-red spectrum the degree of deacetylation 
(DD) is determined according to [15] using the 
absorbance ratio A1655/A3450 and calculating 
according to the following equation: 
 
A (%) = (A1655/A3450) x 100/1. 
 
A (%) = Degree of Deacetylation (DD) 
 
A1655 and A3450 are the absorbance respectively. At 
1655 and 3450 cm-1. 

     Spectrophtometric measurement of D-glucosamine 
residues in Chitosan extracted from fungi was 
analyzed. 10 mg of Chitosan were hydrolyzed with 
hydrochloric acid 4M for 12 h at 90˚C, and the 
content of D-glucoseamine estimated at 530 nm 
Figure 6. 
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Figure 3. Chitosan increasement by increasing the concentration
of urea (3.5 g) for A. niger. 
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Figure 4. Chitosan increasement by increasing the concentration 
of urea (4.5 g) for A. niger. 
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Figure 5. Chitosan increasement by increasing the concentration
of urea (6.5 g) for A. niger. 
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3. RESULTS AND DISCUSSION 
 
Chitosan production from A. niger BBRC 20004 in 
corn residue at 35 % moisture, pH = 6.5 is shown 
in Figure 2. The Chitosan concentration was 
maximized at 12 days of incubation, the production 
had an increasing trend started from 4th day, but it 
declined. This might be due to consumption of the 
chitin and Chitosan biopolymers by the 
microorganism as nutrients and an increase in 
biomass,  including diffusion of enzymes,  
hydrolysis of polymers by hydrolytic enzymes and 
the diffusion of the hydrolyzed products [16]. 
Culture media with high moisture content did not 
produce sufficient amount of Chitosan and reduced 
porosity, loss of particle structure, development of 
stickiness and made it impossible to access the 
microorganism for oxygen uptake and nutrients. 
The moisture content of the medium is a critical 
factor that affects microbial growth and product 
yield, also nitrogen content and the type of 
microorganism play a major role in the production. 
In the solid state fermentation, the solid bed 
temperature was a primary aim to control the 
production, because overheating could seriously 

impair  process performance.  Since any 
microorganism generates energy (metabolic heat) 
during its growth, this heat must be dissipated to 
overcome the undesirable solid bed temperature 
conditions. Hence in this study the solid bed was 
thin enough to solve this problem. Appropriate 
temperature and water content of the solid bed has 
been recognized as a good factor to optimize the 
conditions. Therefore 35 % of moisture was 
suitable to produce Chitosan [17]. The initial pH of 
the SSF medium strongly influences the rate of 
fungal growth. Most of white rot fungi grow best at 
pH value “Between” 5.9 to 6.5 [7]. Therefore in 
this study we had grown the mycelia on the SSF 
medium, in the initial pH about 6.5. Urea was 
added in various amounts to the medium as to 
evaluate the effect of the nitrogen concentration on 
the amount of Chitosan. The Chitosan production 
from A. niger BBRC 20004 in corn residue at 35 % 
moisture, pH = 6.5 is shown in Figures 3-5. The 
highest amount of Chitosan (16.15 g/kg) was 
obtained by 6.5 g of urea. In literatures Chitosan 
extraction based on the dry weight of the media [7] 
was around 4.3 (g/kg dry substrate) for soybean 
residue and 1.6 (g/kg dry media), for mung bean 
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Figure 6. FTIR spectrum of isolated chitosan (in this research). 
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residue [5]. Crestini, et al [8] reported that the 
yields of isolated Chitosan were 6.18 g/kg of 
fermentation media under solid-state fermentation. 
In their research Lentinus edodes was grown on 
Wheat straw (the protein content was lower than 
1 %), used as the basic media for solid-state 
cultivation. Chitosan (17.05 g/kg of dry substrate) 
was extracted from A. niger in soybean residue 
with moisture content of 37 % and 8.4 % of 
nitrogen content [17]. 
 
 
 

4. CONCLUSIONS 
 
It can be concluded that the microorganism can 
utilize the prepared media effectively to produce 
Chitosan. A. niger was a suitable organism to 
produce Chitosan via solid state fermentation with 
35 % moisture. pH 5.5-6.5 is best for the production 
of fungal Chitosan on solid state fermentation media. 
The yield of Chitosan from A. niger grown on corn 
residue 10.9 g/kg was higher than the previous 
experiments. The best condition for the solid state 
fermentation is corn residue together with 6.5 g 
urea/kg at pH 6.5 and moisture content of 35 %. 
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