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Chitosan is the N-deacetylated derivative of chitin which is the supporting

material of crustaceans and insects. Chitosan together with chitin are recommended as

suitable functional materials because of their excellent biocompatibility,

biodegradability, non-toxicity and adsorption properties and can be used in agriculture,

biotechnology and food industry. Although chitosan is produced by chemical

deacetylation of chitin molecule, it is also a natural component of cell walls of fungi

belonging to Zygomycetes and can be produced by extraction from fungus cell walls.

Fungi are thus the promising alternative sources of chitosan. Fungi can be manipulated

to give chitosan of more consistent and desired physico-chemical properties compared

to chitosan obtained from crustacean sources.

In this study, Absidia spp, Aspergillus niger, Rhizopus arrhizus, Cunnighamella

elegans, and Mucor rouxii were examined for biomass growth. At first, all five species

were grown on synthetic medium at 28°C, 180 rpm in shake-flask incubator. Mucor

rouxii which gave the maximum biomass concentration was also grown on molasses.

The maximum biomass concentration of Mucor rouxii was found to be higher than that

of synthetic medium. The best growth conditions obtained were 4% sucrose, 0.2% yeast

extract, 1% peptone and 106 spores in 40 mI. The mycelia harvested at late exponential

phase was treated with alkali to remove proteins and chitosan was extracted from cell

wall by using acetic acid. The yield of extractable chitosan obtained from cell wall of

Mucor rouxii was 2500 mg / 1and it is almost 20 % of biomass and approximately 35 %

of alkali insoluble fraction.



Kitosan, deniz kabuklulan ve boceklerin destek materyali olan kitinin N-

deasetilasyonu ile elde edilir. Kitin ve kitosan, biyouyumluluk, biyobozunurluk, toksik

olmama ve adzorpsiyon gibi onemli ozelliklere sahiptirler. Bu nedenle, ziraat,

biyoteknoloji ve glda endustrisi gibi biryok alanda geni~ kullarum olanaklan

bulmaktadlr. Kitosan, kitin molektiltinun kimyasal deasetilasyonu ile elde edilir. Aym

zamanda, Zygomycetes slmfma ait kuflerin hucre duvarlarmda da dogal olarak

bulunmaktadlrlar ve kitosan fuetiminde altematif bir kaynak olan bu kiiflerin hiicre

duvarmdan ekstrakte edilebilirler. Deniz kabuklularmdan elde edilen kitosanla

kar~l1a~tlflldlgmda, kuflerden daha kararh ve istenilen fizikokimyasal ozelliklere sahip

kitosan uretilebilir.

Bu yah~mada, kitosan fuetimini geryekle~tirmek iizere Absidia spp., Aspergillus

niger, Rhizopus arrhizus, Cunnighamella elegans ve Mucor rouxii tarandl. ilk olarak,

be~ kuf tfuti sentetik ortamda, 28 DC, 180 rpm'de, yalkalamah inkubatOrde geli~tirildi.

Daha soma, en yiiksek biyomas konsantrasyonuna sahip Mucor rouxii, me1as iyeren

ortamda geli~tirilerek; elde edilen biyomas miktarl, sentetik ortamla kar~l1a~tlflldl.

Melash ortamdan elde edilen biyomas miktarmm, sentetik ortamdan daha yuksek

miktarda oldugu gozlendi. En yiiksek biyomas konsantrasyonu %4 sukroz, %0.2 yeast

extract, %1 peptone ve 106 spor konsantrasyonu / 40 ml ortamda e1de edildi. Gey

buytime fazmda, miseller fermantasyon SlVlsmdan ahnarak, proteinleri uzakla~tlrmak

iyin once alkali ile, daha soma da kitosan ekstraksiyonu iyin asetik asit ile muamele

edildi. Mucor rouxii'den elde edilen kitosan miktarmm 2500 mg / I oldugu belirlendi.

Elde edilen kitosan, biyomasm % 20'si ve alkalide yOzUnmeyen klsmm yakla~lk olarak

% 35'idir.
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CHAPTER 1 
 

INTRODUCTION 
 

Polysaccharides are widely distributed in nature. Their molecular structures and 

hence their properties vary over a broad range. They have been regarded primarily as 

structural materials and as suppliers of water and energy. These structures are 

considered less significant than other natural polymers such as proteins and nucleic 

acids in view of their biological functions. They are, however, attracting increased 

attention as their inherent biological activities and physicochemical properties are being 

better understood. Polysaccharides will therefore become increasingly important in 

various fields since they possess unique structures and characteristics that are quite 

different from those of typical synthetic polymers ( Kurita, 2001 ). 

 Chitin is a naturally abundant polysaccharide in nature, in addition to cellulose 

and starch. It is known to consist of  2- acetamido- 2- deoxy- β – D - glucose through       

β - ( 1-4 ) linkage. Chitin can be found in crustaceans, such as crabs, lobsters, and 

shrimp. It can also be found in insects, worms and fungi. 

 Chitin can be processed into  many derivatives, which are chitin oligomers, 

chitosan and chitosan oligomers. Chitosan, the most readily available, is N- 

deacetylated derivative of chitin. However, this N- deacetylation is almost never 

complete.  

 Chitosan has a number of important industrial uses because of its high amine 

content and polycationic nature. These uses are related to its molecular size and 

unusually high charge density. Chitosan has been used to produce biodegradable films 

and fibres, to flocculate proteinaceous solids and chelate metal ions in waste water 

treatment, to produce contact lenses and blood anticoagulants. Chitosan has also been 

used as a feed additive, a cell immobilization and permeabilization substrate, and has 

been shown to possess antimicrobial properties.   

Commercially, chitosan is derived by the chemical deacetylation of chitin from 

waste crustacean exoskeletons with strong alkali. This harsh conversion process, as well 

as variability in source material, leads to inconsistent physicochemical characteristics. 

Production and purification of chitosan from the cell walls of fungi grown under 

controlled conditions offer greater potential for a more consistent product. The cell 

walls of Zygomycetes are characterized by the joint occurence of chitosan and chitin, 

which have protective and supportive functions. Physicochemical properties of chitosan 
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isolated directly from a fungus may be manipulated by control of fermentation and 

processing parameters ( Arcidiacono et al., 1992 ). 

 The objective of this study is the production and extraction of chitosan from cell 

walls of fungi grown by submerged fermentation. Within this context, five fungal 

strains such as Absidia spp, Aspergillus niger, Rhizopus arrhizus, Cunnighamella 

elegans, and Mucor rouxii were used to obtain the highest biomass concentration. 

Morover, additional purpose was to find the best condition for biomass production of 

Mucor rouxii. 
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CHAPTER 2 

 

CHITIN AND CHITOSAN 

 

Of the many kinds of polysaccharides, cellulose, chitin and chitosan are the most 

important biomass resources; cellulose is synthesized mainly in plants, chitin is 

synthesized mainly in lower animals. In fact, they are the most abundant organic 

compounds on earth. Although cellulose has been studied extensively, only limited 

attention has been paid to chitin and chitosan, principally to its biological properties. 

Despite its huge annual production and easy accessibility, chitin and chitosan still 

remain as unutilized biomass resources ( Kurita, 2001 ). 

Chitin is very widely distributed, especially in animals, and exists also in less 

evolved taxonomic groups, such as Protozoa. In plants, chitinous cell walls are only 

found for supporting structures such as fungi and molds, which, like animals, find 

considerable nitrogen in their food. On the contrary, photosynthetic plants utilize 

nitrogen-free sugars almost exclusively for their supporting structures; chitin is however 

believed to constitute the cell membrane of some lowergreen plants like Chlorophycea. 

Chitin is associated with other polysaccharides in the fungal cell walls, while in animal 

forms chitin is associated with proteins. In  hard structures, the proteins are tanned by 

phenolic derivatives ( Muzzarelli, 1977 ). 

The occurence of chitin in various organisms is given in Table 2.1. 
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Table 2.1. Chitin content of selected Crustacean, Insects, Molluscan Organs, and Fungi    

( Tharanathan  et al., 2003 ). 

 
 
Type 

 
Chitin 
Content (%) 

Type Chitin 
Content(%) 

 
Crustacean 
Cancer ( crab ) 
Carcinus ( crab ) 
Paralithodes (king crab ) 
Callinectes ( blue crab ) 
Crangon ( shrimp ) 
Alasakan shrimp 
Nephrops ( lobster ) 
Homarus ( lobster ) 
Lepas ( barnacles ) 
 
Molluscan Organs 
Clamshell 
Oyster shell 
Squid, Skeletal pen 
Krill, deproteinized shell 
 
 

 
 

72.1c 
64.2b 

35.0b 

14.0a 
69.1c 
28.0d 
69.8c 

60-75c 
58.3c 

 
 

6.1 
3.6 
41.0 
40.2 

 
Insects 
Periplaneta ( cockroach ) 
Blatella ( cockroach ) 
Colcoptera ( beetle ) 
Diptera ( truefly ) 
Pieris ( sulfur butterfly ) 
Bombyx ( silk worm ) 
Calleria ( wax worm ) 
 
Fungi 
 
Aspergillus niger 
Penicillum notatum 
Penicillum chrysogenum 
Saccharomyces cereviseae 
Mucor rouxii 
Lactarius vellereus      
 ( mushroom ) 

 
 

2.0d 
18.4c 

27-35c 
54.8c 
64.0c 
44.2c 
33.7c 

 
 
 

42.0e 
18.5e 
20.1e 
2.9e 
44.5 
19.0 

 

a. Wet body weight, b. Dry body weight, c. Organic weight of cuticle, 

d. Total dry weight of cuticle, e. Dry weight of the cell wall 

 

Chitin is a polysaccharide constituted of β- (1→4) 2- acetamido- 2- deoxy- D-

glucose units, some of them being deacetylated. This natural polymer that can be called 

poly-N-acetyl-D-glucosamine, can be formally considered a derivative of cellulose 

where the C-2 hydroxyl groups have been completely replaced by acetamido groups                    

( Muzzarelli, 1973 ). Chitosan is the N-deacetylated derivative of chitin. In chitin, the 

amino group is acetylated, thus chitin is an amide of acetic acid; in chitosan the amino 

group is free and therefore chitosan is a primary amine. However, chitin can not be 

sharply distinguished from chitosan, because fully acetylated and fully deacetylated 

chitins do not normally occur in nature and are diffucult to prepare. Experimentally, 

chitosan can be distinguished  from chitin because of differences in solubility in acids      

( Muzzarelli, 1977 ). The structures of cellulose, chitin and chitosan are shown in Figure 

2.1. 
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( a ) 

 

 

     ( b ) 

 

 

 

     ( c ) 

Figure 2.1. Structures of cellulose (a), chitin (b) and chitosan (c) (Kumar, 2000). 

 

 Chitin is a white, hard, inelastic, nitrogenous polysaccharide and the major 

source of surface pollution in coastal areas. The immunogenecity of chitin is 

exceptionally low, in spite of the presence of nitrogen. It is a highly insoluble material 

resembling  cellulose in its solubility and low chemical reactivity. Like cellulose, it 

functions naturally as a structural polysaccharide, but differs from cellulose in its 

properties. Chitin is highly hydrophobic and is insoluble in water and most organic 

solvents. It is soluble in hexafluoroisopropanol, hexafluoroacetone, choloroalcohols in 
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conjugation with aqueous solutions of  mineral acids and dimethylacetamide contaning 

5% lithium choloride. Chitosan, the deacetylated product of chitin, is soluble in dilute 

acids such as acetic acid, formic acid, etc. Chitin and chitosan are of commercial 

interest due to their high percentage of nitrogen ( 6.89 % ) compared to synthetically 

substituted cellulose (1.25 %) ( Kumar, 2000 ). 

Ideally, the monomer of chitin is 2-acetamido-2-deoxy-ß-D-glucose, while the 

monomer of chitosan is 2-amino-2-deoxy- ß-D-glucose; for practical purposes, 

however, the extent of deacetylation in both the natural and the modified polymers has 

to be measured. The official name of chitin ( a fully acetylated product ) is, (1→4)- 2-

acetamido-2-deoxy-β-D-glucan and the official name of chitosan ( a completely 

deacetylated product) is, , (1→4)-2-amino-2-deoxy-β-D-glucan ( Muzzarelli, 1977 ). 

Chitosan, a cationic β- (1-4) linked 2- amino- 2- deoxy- D- glucosamine, is 

rarely found in nature. Cell walls of some fungi, particularly Zygomycetes, contain both 

chitin and chitosan ( Arcidiacono  et al., 1989 ). 

 

2.1. History 

 

Chitin was described for the first time by Bracannot ( 1811 ) who was professor 

of Natural History, director of the Botanical Garden and member of the Academy of 

Sciences, Nancy, France. In the pursuit of his research on mushrooms, he treated 

Agaricus volvaccus and other mushrooms with dilute warm alkali and isolated chitin, 

possibly slightly contaminated with proteins. From the dry distillation of this product, 

called fungine, he obtained a liquid that, upon distillation with potassium hydroxide, 

yielded ammonia. He described the lack of reaction of chitin with dilute alkali solutions, 

the compound formed with tannin, the degradation produced by sulfuric acid, the 

release of acetic acid and several other reactions of chitin. He stated that ‘fungine seems 

to contain more nitrogen than wood’ and concluded that it is ‘a quite distinct substance 

among those identified in plants’. The first observation about the occurence of chitosan 

in plant cell walls and, more broadly, in living systems was made by Kreger ( 1954 ) 

who reported its occurence in the mycelia and sporangiophores of Phycomyces 

blakesleeanus. Chitosan was later demonstrated to be the most abundant component of 

the cell walls of filamentous and yeast-like forms of Mucor rouxii grown respectively 

under air and under carbon dioxide ( Muzzarelli, 1977 ).  
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2.2. Chitin and Chitosan Biosynthesis 

 

Chitin biosynthesis in crustaceans differs significantly from that of fungi. 

However, they do share common biosynthetic steps, and the enzymatic machinery 

exhibit more or less similar catalytic regulation. 

Figure 2.2. shows the pathway for the synthesis of chitin in crustaceans. The 

non-reducing disaccharide, trehalose is the most common sugar in insects. It is 

hydrolyzed by trehalase, and the glucose units are converted to uridine diphospho- N- 

acetylglucosamine ( UDP- GlcNAc ). The terminal polymerization step has been the 

contentious issue in chitin biosynthesis in insects for which several explanations and 

speculation were given. However, based on the available evidence, it is now proposed 

that the epidermis in insects using UDP- GlcNAc as the precursor synthesizes soluble 

oligosaccharides that are linked to polyprenol lipids such as dolichol phosphate, 

transported outside the cell and attached to specific residues, possibly aspargine, on a 

receptor protein. The resultant primer ( attached to receptor protein ) is extended by the 

sequential addition of GlcNAc residues via chitin synthetase (Tharanathan  et al., 2003). 
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Figure 2.2. Pathway for the synthesis of chitin in crustaceans (Tharanathan  et al., 

2003). 
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In fungi, chitin synthesis is highly compartmentalized. The key enzyme chitin 

synthetase, like its counterpart in crustaceans, occurs in zymogen form from where it is 

distributed to specific regions on the cell surface in specialized vesicles called 

chitosomes. The macromolecular assembly begins outside the cytoplasm wherein the 

protease ( activator ) on the cell surface activates the zymogen. Once the energy- rich 

uridine diphospho- N- acetylglucosamine is produced ( from glucose ), chitin synthetase 

successfully catalyzes the transfer of GlcNAc to primers forming chitin ( Tharanathan et 

al., 2003 ). 

 

 
 

Figure 2.3. Pathway for the biosynthesis of chitin in fungi ( Tharanathan et al., 

2003 ). 

 

The formation of chitosan in fungi cell walls is a result of the complex action of 

two enzymes which are chitin synthase and chitin deacetylase. In the first step, chitin 

synthase builds a chain of chitin using the chitin precursor, uridino- di phospho N- 

acetylglucosamine (UDP- GlcNAc). Next, chitin deacetylase hydrolyzes acetic groups 

from N- acetylglucosamine (GlcNAc), transforms it into glucosamine (GlcN) and 

finally chitosan is formed. 
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                                         Chitin synthase 

 UDP – GlcNAc         →           Chitin  ( Poly- N- acetyl glucosamine ) 

                                         Chitin deacetylase 

           Chitin              →            Chitosan 

 

Figure 2.4. Pathway of chitosan synthesis ( Arcidiacono  et al., 1989 ). 

 

The activity of chitin synthase influences the length of the chitin chain (that is, 

the molecular weight of the biopolymer), and the activity of chitin deacetylase 

influences the content of GlcNAc groups in the chain of chitosan (that is, the degree of 

acetylation). The properties of nascent chitosan (degree of acetylation and molecular 

weight) depend on the activity of these two enzymes ( Jaworska, 2001 ). 

 

2.3. Properties of Chitosan 

 

Chitosan is a natural, non-toxic, biodegradable, high molecular weight polymer. 

Key properties of chitosan are its ability to act as a cationic flocculent, humectant, 

viscosifier, and selective chelator of metal ions. Properties of chitosan can be 

categorized into four groups that are cationic, biological, chemical and solution 

properties. 

Most of the naturally occuring polysaccharides, e.g. cellulose, dextran, pectin, 

alginic acid, agar, agarose and carragenans, are neutral or acidic in nature, whereas 

chitin and chitosan are examples of highly basic polysaccharides. Chitosan is linear 

polyelectrolyte at acidic pH’s. It has a high charge density, one charge per glucosamine 

unit. Since many materials carry negative charges ( e.g. proteins, anionic 

polysaccharides, nucleic acids, etc.), the positive charge of chitosan interacts strongly 

with negative surfaces to give an electric neutrality. Chitosan is an excellent flocculent 

due to its vast number of –NH3
+ groups that can interact with negatively charged 

colloids. Chitosan adheres readily to natural polymers such as hair and skin, which are 

composed of negatively charged mucopolysaccharides and proteins. Chitosan forms 

complexes with metal ions. Thus, it is useful in chelating iron, copper, and magnesium 
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and can also be used to remove toxic heavy metal ions such as silver, cadmium, 

mercury, lead, nickel and chromium. ( Sandford, 1989 and Kumar, 2000 ).   

Many of  biomedical applications of chitosan rely on its non- toxic and 

biodegradable properties. Chitosan has been shown to facilitate wound healing, reduce 

serum cholesterol levels and stimulate the immune system. Chitosan, when coated on 

seeds, results in increased crop yields, apparently due to chitosan inducing a protective 

response by the germinating plant ( Sandford, 1989 ). 

Chitosan, being a high molecular weight polymer, is a linear polyamine whose 

amino groups are readily available for chemical reactions and salt formation with acids. 

Since chitosan can be viewed as a cellulose derivative, the primary (C- 6) and secondary 

(C- 3) hydroxyl groups can be used to make derivatives. The scientific literature 

contains many interesting chemical derivatives of chitosan with commercial potential    

( Sandford, 1989 and Kumar, 2000 ). 

Chitosan has rather specific solutions properties. First, when in the amine form, 

chitosan is not soluble in water at neutral pH. At acidic pH, the free amino groups         

(-NH2) become protonated to form cationic amine groups (-NH3) ( Sandford, 1989 ). 

Table 2.2. summarizes the properties of chitosan. 
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Table 2.2. Properties of chitosan ( Sandford, 1989 ). 

 

 

Chitosan  

 

 

Cationic properties 

 Linear polyelectrolyte 
 High charge density 
 Excellent flocculent 
 Substantive to hair, skin 
 Chelates metal ions 

             -Iron (Fe), Copper (Cu) 
             -Toxic metals (Cd, Hg, Pb, Cr, Ni) 
             -Radionucleides (Pu, U) 

 

 

Biological properties 

 Biocompatible 
-non-toxic 
-biodegradable 
-natural polymer 

 Bioactivity 
-wound healing accelerator 
-reduce blood cholesterol levels 
-immune system stimulant 

 

Chemical properties 

 Linear polyamine (poly-D- gluc.) 
 Reactive amino groups 
 Reactive hydroxyl groups (C3-OH, 

C6-OH) 
 

 

 

Solution properties 

 Free amine (-NH2) 
-soluble in acidic solutions 
-insoluble at pH > 6.5 
-insoluble in H2SO4 
-limited solubility in H3PO4 
-insoluble in most organic solvents 

 Cationic amine (-NH3+) 
-soluble at pH < 6.5 
-forms viscous solutions 
-solutions shear thinning 
-forms gels with polyanion 
-will remain soluble in some  
alcohol - water mixtures 
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2.4. Applications of Chitosan 

 

Chitosan has some unique properties such as non-toxicity, biodegradability, 

biocompatibility, chelating ability with metal ions and etc. It is produced commercially 

in some countries such as United States of America and Japan as a solution, flaked and 

fine powder, bead, fiber, film, gel, sprey forms. Chitosan’s availability in a variety of 

useful forms and its unique chemical and biological properties make it a very attractive 

biomaterial. 

 In Table 2.3. The applications of chitosan are summarized. 

 

Table 2.3. Applications of Chitosan ( Sandford, 1989 ). 

 
 

Chitosan Applications 
 

 
Key Uses 

Clarification and 
Purification Non-Food 
Related 

 Sewage effluents 
 Sand and gravel wash 
 Metal finishing electroplating wastes 
 Paper mils 
 Radioactive wastes 

Clarification and 
Purification Food Related 
 

 Purify drinking water 
 Recover protein for animal feed 
 Fruit juices 
 Recover microalgae 

Pharmaceutical 
 
 

 Wound healing 
 Drug delivery 
 Bioengineering material 
 Cholesterol reducing agents 

Wound Healing 
 
 

 Bandages 
 Sutures 
 Synthetic skin 
 Eye bandage 

 
Cosmetics and 
 Personal Care 
 

 Natural, non-toxic, cationic polymer 
 Hair treatment 

Clear solutions from clear films 
Substantive to hair 
Obtain gels in water: alcohol mixtures 
Viscosity can be varied; low to 
 high to suit application 

 Skin care 
        Moisturizer 
        Substantive to skin 
         Excellent tactile properties  
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Agriculture 
 
 

 Coat seeds (wheat, rice, peas) 
Fungistatic, protect plants 
Non-toxic, biodegradable, biocompatible 
Increase crop yields 
EPA approved 

 Animal feed 
Approved flocculent for recovering 
proteinaceous wastes 

Biotechnology 
 
 

 Immobilization of enzyme and cells 
Entrapment and absorption 
Crosslinked with dialdehydes 
Charge complexes with anionic polymers 

 Chitosan gels 
Stable to phosphate buffers 
Easily prepared at room temperature 
Non-toxic 
High cell loads/activities 

 Purify/Recover Biologicals 
 
 

Chitin and chitosan have a wide range of applications. They may be employed, 

for example, to solve numerous problems in environmental and biomedical engineering. 

Chitin derivatives including partially deacetylated chitosan can be easily molded to 

various forms and their derivatives are digested in vivo by lysozomal enzymes. Thus, it 

appears that this material can be a most interesting candidate for use as a carrier of a 

variety of drugs for controlled release applications. Lately, the transdermal absorption 

promoting characteristics of chitosan have been exploited, especially for nasal and oral 

delivery of polar drugs to include peptides and proteins and for vaccine delivery. These 

properties, together with the very safe toxicity profile, make chitosan an exciting and 

promising excipient for the pharmaceutical industry for present and future applications.  

 

2.5. Production of Chitosan 

 

Chitosan can be produced by chemical synthesis or by microbial fermentation. 

However, chitosan is produced on an industrial scale by chemical deacetylation of chitin 

with concentrated hydroxides at high temperatures. 
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2.5.1. Chemical Synthesis 

 

In chitosan manufacturing process, firstly, minerals such as calcium carbonate 

and calcium phosphate are extracted with hydrochloric acid. Proteins are removed by 

treating with sodium hydroxide to obtain chitin. After that, chitin is first treated with 

very strong sodium hydroxide to hydrolyze the N- acetyl linkage, than chitosan is 

produced. Also it is possible to prepare chitosan oligosaccharide, chitosan salt and 

chitosan succinamide as seen in  Figure 2.5 and Figure 2.6 ( Sandford, 1989 ).  

 

 

 

 

 

 

 

Figure 2.5. Deacetylation of chitin. 
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Figure 2.6. Chitin and chitosan manufacturing process. 
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 Total world production of chitin was estimated roughly to be 20,000 million tons 

in 1997. Production of chitin and chitosan in Asian countries was estimated to be 

around 3,000 million tons ( Fig. 2.7. ) ( Chen, 2000 ). 
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Figure 2.7. Production of chitin and chitosan in Asian countries ( Chen, 2000 ). 

 

2.5.2. Microbial Fermentation 

 

 The traditional source of chitin and chitosan is shellfish waste from shrimp, 

Antarctic krill, crab and lobster- processing. However, the industrial isolation of this 

polymer is reduced by the problems of seasonal and limited supply in some countries 

and environmental pollution while collecting large amounts of shell waste. Moreover, 

the conversion of chitin to chitosan, using a strong base solution at high temperature, 

causes variability of the product properties, decreases the chitosan quality and increases 

the processing costs. This also produces waste liquid containing base, proteins and 

protein degradation products ( Synowiecki et al., 1997 ). 

 Chitosan is also a natural component of cell walls of fungi belonging to 

Zygomycetes (e.g. Absidia, Mucor, Rhizopus, Gongronella) and can be produced by 

extraction from fungus cell walls. Therefore,  the zygomycetes, has been considered as 

an alternative source of chitosan. This method is not yet used on an industrial scale, 

although it can provide an alternative to chemical deacetylation, independent of chitin 

production at the fishery. Also, there are several advantages of using these fungi to 
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produce chitosan. The most important is that the cell wall of  zygomycetous fungi 

contains a large quantity of chitosan and the physicochemical properties of this chitosan 

can be manipulated and standardized by controlling the parameters of fermentation. For 

instance, chitosans of different molecular weights ( MW ) are produced by these fungi 

when they are grown on media comprising different pH and composition. Fungi are also 

easily cultured using relatively simple nutrients. As a result, chitosan can be produced in 

a controlled environment all year round and be independent of the seasonal shellfish 

industry ( Tan et al., 1996 and Jaworska et al., 2001 ).   

In recent years, chitin obtained by extraction from fungal mycelia is gaining 

importance. Fungal mycelia can be cultivated throughout the year by fermentation that 

is rapid, synchronized and can be organized in a closed or semi- closed technological 

curcuit to comply with modern ecological requirement. In addition, fungal mycelia are 

relatively consistent in composition and are not associated with inorganic materials; 

therefore no demineralization treatment is required to recover fungal chitin ( Teng et al., 

2001 ). 

 

 2.5.2.1. Microorganisms 

 

Several yeast and filamentous fungi, for example, Schizosaccharomyces pombe, 

Candidia albicans, Saccharomyces cerevisiae, Mucor rouxii, Phycomyces 

blakesleeanus, Colletotricum lindemuthianum, Absidia coerulea, Coprinus cinereus, 

Neurospora crassa, Trichoderma reesei, Rhizopus spp., Absidia spp., Mucor spp., 

Mortierella isabelina and Lentinus edodes  have been reported containing chitin and 

chitosan in their cell wall and septa so they are alternative sources of chitin and 

chitosan. And they can also be readily cultured in simple nutrients and used as an 

alternative source of chitosan  ( Synowiecki et al.,1997 and Suntornsuk et al., 2002 ). 

Especially best chitosan producing fungi that are, Absidia spp., Gongronella 

spp., Mucor spp., Rhizopus spp., Lentinus edodes, Cunnighamella echinulata, 

Aspergillus niger,  Zygorhynchus moelleri, Candida albicans, Zygosaccharomyces 

rouxii were used in research ( Synowiecki et al.,1997 ). 
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2.5.2.2. Raw Materials 

 

The cells are readily cultured in a medium containing a carbon source such as 

glucose, dextrose, a high concentration of an ammonium salt, trace quantities of mineral 

salts, yeast extract and by maintaining a pH of about 4.5  ( McGahren et al., 1984 ). 

Generally, synthetic medium containing glucose (20g), peptone (10g), yeast 

extract (1g), (NH4)2SO4 (5g), K2HPO4 (1g), NaCl (1g), MgSO4.7H2O (0.5g), 

Ca2Cl2.2H2O (0.1g) in 1L deionized water or yeast extract (0.2%), peptone (1%), 

glucose (2%) or yeast extract (1%), peptone (3%), dextrose (0.4%) and BASF pluronic 

L61 antifoam (0.01%) was used for chitosan production ( White et al., 1979,  Shimara 

et al., 1989, Tan et al., 1996, Synowiecki et al., 1997,  Jaworska et al., 2001 ). 

Also some researchers used natural products or food industry by-products such 

as soybean and mungbean residues, ground corn and rice, shochu distillery waste water 

and sweet potato enriched with mineral salts because of their cheap costs ( Yokoi et al, 

1998, Hang, 1990, Nwe et al, 2001, Suntornsuk et al, 2002 ). After preparing all media, 

pHs of media were adjusted to 4.4, 4.5 and 6.3 using HCl, H2SO4. 

Some industrial by- products such as molasses or whey can be used as an 

inexpensive carbon source to grow fungi. This may also help to alleviate some 

environmental pollution concerns ( Tan et al., 1996 ). 

 Molasses is the by-product of sugar industry. It contains a high concentration of 

sucrose, it is cheap and abundant. It is used as a substrate in the production of baker’s 

yeast, citric acid, lactic acid and acetone. The composition of beet molasses is tabulated 

in Table 2.4. 
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Table 2.4. The composition of Turkish beet molasses ( Göksungur, 1998 and 

Üzelyalçın, 2002 ). 

 

Brix 85.50 

Dry weight, % 84.31 

Humidity, % 15.69 

Total sugar, % 54.89 

Inverted sugar, % 0.40 

Ash, % 5.18 

Nitrogen, % 2.14 

Protein ( N x 6.25), % 13.38 

Protein ( Lowry ), % 7.81 

Formol nitrogen, % 0.42 

pH 7.45 

Ca (mg / kg molasses) 3480.5

Cu (mg / kg molasses) 2.84 

Mg (mg / kg molasses) 129.8 

Zn (mg / kg molasses) 5.96 

 

Whey is the liquid by-product of cheese manufacturing. Approximately 1-2 kg 

of cheese is produced from 10 kg of milk and the residual liquid is the whey. The 

composition of whey varies with cheese manufacture procedures. The compositions of 

liquid and dried whey are given in Table 2.5. and 2.6. 

 
  Table 2.5. Gross composition of liquid and dried whey ( Nutting 1970, Irvine 

and Hill 1985, Atkinson and Mavituna 1991 ). 

 

Component Fluid Whey Dried Whey

Total solids, % 6.35-7 96.3-96.5 

Protein, % 0.8-0.9 13.0-13.1 

Lactose, % 4.85-5.1 68.0-75.0 

Fat, % 0.3 0.8-1.0 

Lactic Acid, % 0.05 0.2 

Ash, % 0.5-0.6 7.3-9.6 
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Table 2.6. Amino acid, vitamin and mineral content of whey powder ( Atkinson 

and Mavituna 1991, Irvine and Hill 1985 ). 

 

Amino acids Vitamins Minerals 

L-Arganine    0.4 %  Biotin   0.4 mg kg-1 P   0.66% 

L-Cystine       0.4 % Choline  2420 mg kg-1 Ca  0.77% 

L-Glycine      0.7 % Nicotinic acid   11.0 mg kg-1 K   2.54% 

L-Histidine    0.2 % Pantothenic acid 48.5 mg kg-1 Mg  0.12% 

L-Isoleucine    0.7 % Pyridoxine  2.9  mg kg-1 Na   0.83% 

L-Leucine        1.2 % Riboflavin  19.8 mg kg-1  

L-Lycine          1.0 % Thiamin   4.0 mg kg-1  

L-Methionine   0.4 %   

L-Phenylalanine  0.5 %   

L-Threonine     0.6 %   

L-Tryptophan     0.2 %   

L-Tyrosine          0.5 %   

L-Valine              0.6 %   

 

 

 

2.5.2.3. Fermentation Process 

 

Fungal chitosan is produced from fungi cultivated in either submerged or solid-

state cultures; the first method is more common ( Jaworska, et al., 2000 ).  

The yield of chitosan from a fungal mass, or from a unit of culture medium, 

depends on several factors including: the strain of fungi used, cultivation method              

( shaking culture, batch culture, continuous culture, solid-state culture ), and cultivation 

parameters ( pH, temperature, mixing rate, length of cultivation ). An increase in the 

chitosan yield can be obtained either by increased biomass yield or by an increase in the 

cell wall content of chitosan ( Jaworska et al., 2001 ). 
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Table 2.7. Some of the chitosan fermentation studies. 

 

Microorganisms Fermentation 
Type 

Fermentation 
Medium 

Fermentations 
Parameters 

Reference 

Absidia coerulea SMF Synthetic 
medium 

 McGahren et 
al., 1984 

Mucor rouxii SMF Synthetic 
medium 

25 °C, 125 rpm Arcidiacono 
et al., 1992 

Mucor rouxii SMF YPG 28 °C Synowiecki et 
al., 1997 

Gongronella 
butleri 

SSF 
SMF 

Sweet potato 
medium 

28 °C 
28 °C, 200 rpm 

Nwe et al., 
2001 

Mucor rouxii  SMF Synthetic 
medium 

28 °C, 400 rpm White et al., 
1979 

Absidia butleri SMF Synthetic 
medium 

24 °C, 150 rpm Shimahara et 
al., 1988 

A. niger 
R. oryzae 
Z. rouxii 
C. albicans 

SSF Soybean and 
Mungbean 
residues 

30 ºC Suntornsuk et 
al., 2002 

Lentinus edodes SSF 
SMF 

Wheat straw 
Synthetic 
medium 

28 °C 
28 ºC, 400 rpm 

Crestini et al., 
1996 

R. oryzae 
R. arrhizus 
R. microsporus 
R. stolonifer 
R. oligosporus 
Absidia glauca 
Mucor sp 
M. hiemellis 
Zygorhynchus 
moelleri 
Cunnighamella 
echinulata 
Gongronella 
butleri 

SMF Synthetic 
medium 

25 ºC, 200 rpm Tan et al., 
1996 

Rizopus oryzae SMF Corn and 
rice medium 
  

30 °C 
240 rpm 

Hang, 1990 
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Suntornsuk et al. ( 2002 ), used four fungal strains on both soybean and 

mungbean residue for chitosan by solid state fermentation. And 107 cells/ml suspension 

of Rhizopus oryzae TISTR 3189 produced the highest yield of chitosan when inoculated 

on soybean residue after 3 days of cultivation ( 4.3 g chitosan / kg substrate ).  

Shimahara et al. ( 1989 ), demonstrated that chitosan yields from 43 strains of 

Mucor species ranged from 65 to 215 mg / l in a complex medium and also, the 

amounts of extractable chitosan from 2 days old and 4 days old cultures of Absidia 

butleri HUT 1001 were found to be 0.8 to 0.9 and 0.9 to 1 g / l, respectively. They were 

about 14 and 11 % on dry cell weight bases. Jar-fermentor cultivation of Mucor rouxii 

ATCC 24905 reported by White et al. ( 1979 ) produced from 9 to 14 g / l of dry cells, 

of which 4 to 8  % was extractable chitosan. 

In another study, Crestini et al. ( 1996 ) used Lentinus edodes to produce 

chitosan by solid state and submerged fermentation. Lentinus edodes was grown in a 25 

l stirred tank bioreactor at 28º C with a synthetic medium without air flow. The 

maximum dry cell biomass reached 3 g / l at  9 days and maximum chitosan amount 

was 120 mg / l at 12 days. McGahren et al. ( 1984 ) found that Absidia coerulea 

mycelia harvested at the end of the active growth phase gave a lower yield because 

chitosan was more diffucult to solubilize. Nwe et al. ( 2001 ) reported that, Gongronella 

butleri USB 0201 gave maximum biomass 56.3 g / kg sweet potato after 3.5 day 

incubation using 1.8x109 spores / kg by submerged fermentation and chitosan yield 9.2 

% of biomass. Hang ( 1990 ) used 2x107 viable spores of Rhizopus oryzae on corn and 

rice media for producing chitosan. The maximum chitosan concentration was obtained 

at 72nd hour, that were 460 and 700 mg / l, respectively. Tan et al. ( 1996 ) demonstrated 

that, biomass concentration of  thirteen strains of Zygomycetes, inoculum concentration 

of 1.8 x 106 spores / ml, were found range from 4.4 to 8.15 g / l. 

 

2.5.2.4. Extraction of Chitosan 

 

The extraction process in obtaining chitosan from fungal cell wall is simpler and 

milder than the chemical process used to obtain chitosan from crustacean shells, and 

produces less waste materials. Most studies on the screening of the fungal chitosan 

content typically harvest the mycelia at a fixed incubation period. This is because 

chitosan is more diffucult to extract from fungi after their active growth phase. 

However, this disregards the differences in the growth rate of different fungi. 
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Furthermore, there are brief reports that allude to the late exponential phase as the most 

likely phase to give the highest yield of chitosan ( Tan et al, 1996 ). 

 

2.6. Characterization of Chitosan 

 

The chitosans separated from the fungal biomass were characterized by two 

parameters: DD ( degree of decateylation) and MW ( molecular weight) ( Jaworska et 

al., 2001 ). Physicochemical properties of chitosan isolated directly from a fungus may 

be manipulated by control of fermentation and processing parameters. Additional 

control through genetic manipulation of the fungal system may also be possible in the 

future. The list of applications for chitosan is extensive, including adhesives, food 

processing, paper and textile additives, wound healing accelerants, and waste water 

treatment. For these and other potential applications, control of physicochemical 

characteristics ( e.g., weight-averaged molecular weight and degree of deacetylation ) is 

often critical due to effects on mechanical and chemical properties when chitosan is 

processed into films, powders, and fibers ( Arcidiacono et al., 1992 ). 

 

2.6.1. Degree of Deacetylation 

 

The chitin conversion process results in the production of chitosans with low 

degrees of deacetylation. Recent advances in fermentation technology suggest that 

many of these problems can be overcome by culturing chitosan-producing fungi             

( Crestini et al., 1996 ). 

The properties of chitin as well as chitosan depend greatly on the extent of 

deacetylation, which is one of the most important parameters to examine closely is the 

degree of  N- acetylation in chitin, i.e. the ratio of  2- acetamido- 2- deoxy- D- 

glucopyranose to 2- amino- 2- deoxy- D- glucopyranose structural units for specifying 

chitin and chitosan. This ratio has a striking effect on chitin solubility and solution 

properties. Chitosan is the universally accepted non-toxic N-deacetylated derivative of 

chitin, where chitin is N- deacetylated to such extent that it becomes soluble in dilute 

aqueous acetic and formic acids. In chitin, the acetylated units prevail ( degree of 

acetylation typically 0.90 ). Chitosan is the fully or partially N- deacetylated derivative 

of chitin with a typical degree of  acetylation of less than 0.35. 
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It is therefore critical to determine the degree of deacetylation as accurately and 

simply as possible. Many methods have been reported for assessing the degree of 

deacetylation including elemental analysis, hydrolysis of acetamide groups, titration of 

free amine groups, dye adsorption, spectroscopies such as IR, UV, CD, and NMR, 

enzymatic degradation, and pyrolysis. Compared to other methods reported, IR 

spectroscopy is a convenient way for determining the degree of deacetylation ( Kumar, 

2000, and Kurita, 2001 ). 

 

2.6.2. Molecular Weight 

 

Chitosan molecular weight distributions and the weight- average molecular 

weight ( Mw ) of chitin and chitosan can be determined by using HPLC and light 

scattering. Viscometry is a simple and rapid method for determination of molecular 

weight. Converting chitin into chitosan lowers the molecular weight, changes the degree 

of deacetylation, and thereby alters the charge distribution. The weight – average 

molecular weight of chitin is between 1.03x106  and 2.5x106 Da, but the N-deacetylation 

reaction reduces this to 1x105 to 5x105 Da ( Kumar, 2000 ).  
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CHAPTER 3 
 

MATERIALS AND METHODS 
 

 3.1. Materials 
 

Molasses samples were supplied from Pakmaya Yeast Factory ( İzmir, Turkey ) 

and stored  at +4 C. Sucrose concentration of molasses was 45%. Different 

concentration of molasses were added to the fermentation broth in order to obtain the 

desired initial sucrose concentration. The elemental composition of molasses used as a 

medium in this study is given in Table 3.1. 

Table 3.1. Trace element composition of molasses 

  

Trace Elements Concentrations  

(mg / kg molasses)

Na 3300,3 

K 11000 

Ca 3160 

Mg 81,6 

Al 48,9 

Fe 32,6 

Mn 10,2 

Ni 2,2 

Pb 1,7 

P 1,3 

Zn 6,35 

Cu 1,33 

 

Whey powder samples were supplied from Pınar Dairy Products, Inc. ( İzmir, 

Turkey) and kept at room temperature. Lactose concentration of whey powder was 

approximately 60%. Amount of whey powder added to the fermentation broth was 

adjusted to obtain the desired initial lactose concentration of the medium. 

  Microorganisms used in this work, Absidia spp TEM, Aspergillus niger TEM, 

Cunnighamella elegans CECT 2123, Rhizopus arrzhizus NRRL 2286, Mucor rouxii 

CECT 2655, were obtained from CECT ( Coleccion Espanola de Cultivos Tipo ), 
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NRRL ( United States Department of Agriculture, National Center for Agricultural 

Utilization Research ) and Ege University, Basic Industrial Microbiology Department. 

The fungi were supplied in lyophilized form and activated in the propagation medium.  

Deionized and bidistilled water were used in all preparations. 

The chemicals and their producers are listed in Table 3.2. 

 

Table 3.2. Chemicals and their producers. 
 
 
Chemicals 

 
Producer 
 

 
Product number 

 
Yeast extract 
Peptone 
Sodium hydroxide 
Glucose 
Sulfuric acid 
Magnesium sulphate 
heptahydrate 
Sodium chloride 
Calcium chloride 
Ammonium sulphate 
Potassium hydrogen 
bisulphate 
Sucrose 
Lactose 
Potato Dextrose Agar 

 
Acumedia 
Applichem 
Sigma 
Sigma 
Fluka 
Fluka 
 
Sigma 
Sigma 
Sigma 
Sigma 
 
Acumedia 
Sigma 
Merck 
 

 
7184 A 
A 2210, 0500 
S 5881 
G 7528 
84716 
63138 
 
S 7653 
C 5426 
A 2939 
P 5035 
 
7276 
L 3625 
1.10130 

 
 
3.2. Methods 
 
3.2.1. Culture Conditions 

 

The lyophilized fungal strains were activated on Potato Dextrose Agar (PDA) 

medium. All cultures were maintained at 4 C on PDA plates. Whenever required, all 

cultures were subcultured on PDA tubes, incubated at 30 C and exposed to blacklight 

to stimulate sporulation. The cultures were allowed to grow for 7 days for spore 

formation. The spore stocks were prepared by washing 7-day-old tubes with 0.5 % 

Sodium-laurile sulphate solution and spores were counted by using hemocytometer. 

Then spore suspension was inoculated to the propagation medium. 
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3.2.2. Growth of Fungal Biomass in Shake Flasks 

 

The complex medium 1 was used to screen the best biomass producing fungi. 

Then, several different media were examined to increase biomass amount of Mucor 

rouxii. The  media used in the experiments are shown in Table 3.3. After preparing all 

media components, pH of the broth was adjusted to 4.5 with H2SO4. Erlenmeyer flasks 

of 100 ml containing 40 ml of production medium were used for shake flask 

fermentations. The fermentation medium was sterilized at 121 C for 15 minutes. The 

spore suspensions prepared from a 7-day-old slant were inoculated 106 spores per flasks 

( 2.5 x 104spores / ml ) into sterilized media. The tops of the flasks were covered with 

aluminium foil.  Fermentations were carried out in a temperature controlled flask shaker 

(Gerhardt) operated at 180 rpm, 28 C for 7 days ( Synowiecki et al., 1997 ). Unless 

otherwise stated, the experiments were performed by using two flasks to be removed at 

each day of fermentation and flask components were analysed to determine the biomass, 

sucrose and protease concentrations. The details of analyses are given in Section 3.2.5. 

 

 

Table 3.3. Media used in the shake flask fermentations. 

 

 

Medium 

 

Components 

 

 

 

 

Complex Synthetic Medium 1 

2 % glucose 
1 % peptone 
0.1 % yeast extract 
0.5 % (NH4)2SO4 

0.1 % K2HPO4 

0.1 % NaCl 
0.05 % MgSO4.7H2O 
0.01 % CaCl2.2H2O     

 

YPG ( Yeast extract, peptone, glucose ) 

2 % glucose 
0.2 % yeast extract 
1 % peptone 

 
 

Molasses ( M ) 
 

2 % sucrose 
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Whey ( W ) 

 

 

2 % lactose 

 
 
Molasses, Yeast extract, Peptone ( YPM )

 

 
2 % sucrose 
0.2 % yeast extract 
1 % peptone 

 

 
 

Whey, Yeast extract, Peptone ( YPW ) 
 
 

 
2 % sucrose 
0.2 % yeast extract 
1 % peptone 

 

 

 

Complex Medium 2  

 

 

 

 
2 % sucrose 
1 % peptone 
0.1 % yeast extract 
0.5 % (NH4)2SO4 

0.1 % K2HPO4 

0.1 % NaCl 
0.05 % MgSO4.7H2O 
0.01 % CaCl2.2H2O  

 

 

 

Complex Synthetic Medium 3 

 
2 % lactose 
1 % peptone 
0.1 % yeast extract 
0.5 % (NH4)2SO4 

0.1 % K2HPO4 

0.1 % NaCl 
0.05 % MgSO4.7H2O 
0.01 % CaCl2.2H2O  

 
 

Molasses, Yeast extract ( YM ) 
 
2 % sucrose 
0.2 % yeast extract 
 

 
Molasses, Peptone ( PM ) 

 

 
2 % sucrose 
1 % peptone 
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3.2.2.1. Effect of Mineral Salts 

 

In order to determine the effect of each salt, one of the salts was discarded from 

the formulation and  fermentations were carried out for each salts at 28 ºC, 180 rpm. 

 

3.2.2.2. Effect of Inoculum Spore Concentration  

 

In order to determine the amount of spore inoculum concentration on biomass 

production, shake flasks containing 0.2 % yeast extract, 1.0 % peptone, 2 % sucrose 

from molasses were used. Inoculum concentrations used were 0.025 x 101, 102, 103, 104, 

105, 106, 107, 108 spores / ml at 28 ºC, 180 rpm. 

 

3.2.2.3. Effect of Production Medium Volume 

 

In order to determine the effect of medium volume, the shake flasks containing    

2 % sucrose, 0.2 % yeast extract, 1% peptone medium were used. The medium volume 

used were 10, 20, 30, 40 and 50 ml and spore inoculum concentration was 2.5x104 

spores / ml for the fermentation studies performed at 28 oC, 180 rpm. 

 

3.2.2.4. Effect of Initial Sucrose Concentration 

 

Fermentations were carried out at 28 oC, 180 rpm in the shake flasks containing 

1, 2, 3, 4, 5 % sucrose, 0.2 % yeast extract, 1% peptone.  

 

3.2.3. Chitosan Fermentation in Fermenter 

 

Mucor rouxii which gave the maximum biomass was used in fermenter 

experiments. Continuous stirred tank bioreactor ( Bioengineering, type ALF )  with a 

working volume of 3 L was used during the experiments. The heating jacket around the 

fermentation tank provided the temperature control. Agitation was provided by a 

magnetic stirrer. The system was equipped with temperature, pH, agitation speed 

controllers, aeration and a computer controlled by software, FERM. The medium 

components were sterilized together with the vessel at 121C, 15 minutes. The 

fermentation conditions and aeration rate were 28 ºC, 200 rpm,  2.5x104 spores / ml and 
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2 vvm ( vol/ vol/ min ).  The medium used for the growth of Mucor rouxii in the 

fermenter was YP molasses medium ( 4% sucrose, 0.2% yeast extract, 1% peptone ) . 

 

3.2.4. Chitosan Extraction 

 

The chitosan from mycelia was isolated according to the flowsheet given in 

Figure 3.1. In this process, cells were harvested from submerged fermentation broth by 

vacuum filtration and the washed mycelia was homogenized in the blender at high 

speed rate. Then, mycelia were autoclaved at 121 ºC, in 1M NaOH ( 30:1, v/w) solution 

for 15 minutes to remove proteins. Alkali insoluble fraction (AIF) was recovered after 

centrifugation, alternative washing with water and ethanol. The residue was separated 

from the precipitate and extracted in 2% acetic acid (40:1, v/w) at room temperature for 

30 minutes with frequent shaking and the residue was washed once with deionized 

water. All supernatants were combined and the mixture was adjusted to pH 8.5 with 

NaOH and then centrifuged. The residue was washed and dried in oven and this fraction 

was identified as chitosan ( Shimahara et al, 1989, Crestini et al., 1996, and Synowiecki 

et al., 1997 ). 
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Fermentation broth 

                                             ↓ 
    

                                             ↓ 
 
 

                                      water   →   ↓     
              

Washing 

                                         ↓           →  water 
       Homogenization 

            at high speed 

                                      1M NaOH  →    ↓ 
                                      (30:1, v/w) 

   Deproteinization 
    121 °C, 15 min. 

            ↓ 
     Centrifugation 

                                      ↓           →  protein extract  
       AIF 

                      Acetone, ethanol, water   → ↓ 
 
 

                                   2% Acetic acid → ↓    →   Acetone, ethanol, water    
                               ( 40:1, v/w) 

2x Chitosan extraction 
  30 minutes shaking 

          ↓ 
     Centrifugation 

          ↓ 
      Washing 

                                               ↓ 
      Precipitation 

At pH 8.5 

                                                                 ↓ 
                                          Chitosan 
 

 

Figure 3.1. Flowsheet for the extraction of chitosan. 

Vacuum filtration 

Biomass 

Washing 
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3.2.5. Analyses 

 

 3.2.5.1. Dry Cell Weight Measurement 

 

Fungal biomass was collected by vacuum filtration using coarse filter paper and 

twice washed with distilled water. The solid fraction which contains cell biomass was 

dried overnight at 60 C until constant weight. Biomass concentrations were expressed 

as dry weight ( g / l ) in all experimental procedure and results.  

 

3.2.5.2. Sucrose and Lactose Analyses 

 

The sucrose and lactose concentrations in molasses and whey were measured by 

using Shimadzu 2450 UV-VIS spectrophotometer. Carbohydrate content of the samples 

were determined using their calibration curves. For calibration curves, different 

concentration of pure sucrose and lactose were used and absorbances were measured at 

490nm. Calibration curves for sucrose and lactose are shown in Figure E.2 and E.3 in 

Appendix E. 

Sucrose content of supernatant was determined by HPLC. The HPLC system 

was composed of Perkin Elmer Series 200 pump, Series 200 refractive index detector, 

Series 900 interface and a computer. The system was controlled by the software, 

Turbochrom Navigator. 

The HPLC analyses were done under isocratic conditions using an Aminex 

HPX- 87H cation exchange column ( Bio – Rad Laboraties). The column temperature 

was maintained at 45 ºC with a MetaTherm column oven. The column was eluted with 5 

mM H2SO4 at a flow rate of 0.6 ml min-1 for 15 minutes. Under these conditions 

retention times for sucrose 7.5 minutes. The properties of the HPLC and the analysis 

conditions and properties are given in Table 3.4. 
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Table 3.4. The properties of the HPLC column and analysis conditions. 
 
 
Property Values or Attributes 

Column 
Column lenght 
Column diameter 
Particle size 
Guard cartridge 
Column cleaning solvent 
Mobile phase 
Flow rate 
Temperature 
Detector 
 

Aminex HPX 87H ion exclusion column 
300 mm 
7.8 mm 
9 µm 
Micro-Guard cation-H cartridge ( 30x4.6mm ) 
5 % CH3CN in 5mM H2SO4, 30 % CH3CN in 5mM H2SO4 

5 mM H2SO4 
0.6 ml min-1 
45 ºC 
Refractive index 

 

 Calibration standard was prepared from analytical grade chemicals. Calibration 

curve is shown in Figure E.1. in Appendix E. The R- squared value for sucrose 

calibration curve was grater than 0.999. 

 

 3.2.5.3. Metal Ions Determination in Molasses 

 

 The concentration of metal ions in molasses that was used for fermentation 

medium was determined by Inductively Coupled Plasma – Atomic Emission 

Spectrometry ( Varian, ICP-AES, Axial Liberty ). 0.5 gram of homogenized molasses 

sample was placed into test tube. Next, 1ml HNO3 about 65 % in concentrated form and 

1ml deionized water were added into test tube. It was placed in a water bath and heated 

at    80 oC overnight. The following day digests were treated with 30 % H2O2, added 

dropwise and heated at 100 C for several hours, repeating the H2O2 treatment until 

sample digests were clear. The digests were heated again overnight at  80 C. Then 1ml 

of 37 % HCl was added and the digests were heated for 3-4 hours. The digests were 

filtered through ashless 7 cm ( D ) Whatman No: 41 filter paper and they were diluted to 

a final volume of 50 ml ( Miller, 1996 ). The wavelenghts used for ICP measurements 

are tabulated in Table 3.5. and the instrument operating conditions of ICP-AES are 

described in Table 3.6. 

 



 35

 Table 3.5. The wavelenghts used for elemental analyses by ICP. 

 

Element Wavelength ( nm )

Ca 317.933 

Cu 324.754 

Fe 259.940 

K 766.490 

Mg 279.079 

Mn 257.610 

Na 588.995 

Ni 231.604 

Zn 213.856 

 

 Table 3.6. ICP-AES ( Axial Liberty ) operating conditions. 

 

Argon gas flow 15 l / min 

Argon auxiliary flow 1.50 l / min 

PMT voltage 650 V 

Sample uptake 30 sec 

Rinse time 10 sec 

Spray chamber Glass cyclonic 

Nebulizer Glass nebulizer

 

3.2.5.4. Enzyme ( protease ) Assay 

  

Protease activity was measured using casein as substrate. To 1 ml of 2 % casein 

in 50 mM glycine – NaOH buffer, pH 10, 1 ml diluted enzyme was added and incubated 

at 40 ºC. After 20 min the reaction was terminated by adding 2 ml of 10 % 

trichloroacetic acid solution and centrifuging at 5000g for 10 min. To 0.5 ml of 

supernatant 2.5 ml of 0.5 M sodium carbonate was added, followed by 0.5 ml 1N Folin 

– Ciocalteu’s phenol reagent. After 30 min incubation at room temperature absorbance 

was measured at 660 nm against an appropriate reagent blank. One unit of protease 

activity was defined as the amount of enzyme which released 1 μg of amino acid 

equivalent to tyrosine per min under the above assay conditions ( Gessesse, 1997 ). 
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CHAPTER 4 
 

RESULTS AND DISCUSSION 
 
 In this chapter, experimental results on batch fermentation of fungi, selection of 

the best chitosan producing fungus were presented together with the emphasis on 

several effects on biomass growth. Both the shake flask experiments and fermentor 

studies were presented. Experimental results included selection of the best biomass 

producing fungus, production medium, initial spore inoculum concentration, production 

medium volume and sucrose concentration to extract maximum amount of chitosan. 

 All the experiments were done in duplicates at least and mean values were 

reported. Fermentations were evaluated according to their biomass concentration. In 

every section the biomass concentrations were shown in charts. Generally, the optimum 

values determined in experiments or other type of  results were evaluated and used for 

the subsequent experiments. 

 
4.1. Growth Kinetics of Different Fungal Strains Produced on Complex 

Medium 1 

 

The growth kinetics of different fungal strains were investigated on complex 

medium 1 by submerged fermentation at 28 ºC, 180 rpm. The inoculum spore 

concentrations were 2.5 x 104 spores / ml. 

Dry cell biomass concentrations of different fungal strains are shown in Figure 

4.1. All strains grew well on synthetic medium and growth reached to a maximum after 

96 hours of cultivation and then remained nearly constant and declined. As seen from 

the figure, Mucor rouxii adopted the medium easily and reached maximal value for each 

day among them. The maximum biomass concentrations obtained were 7.6,  5.8, 8.1, 

8.5 and 9.52 g / l for Absidia, Rhizopus arrhizus, Cunnighamella elegans,  Aspergillus 

niger and Mucor rouxii, respectively.  
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Figure 4.1. Growth kinetics of different fungal strains. 

( ♦ Mucor rouxii; ■ R. arrhizus; ▲ Absidia; - A. niger; ▀ C. elegans )  

 

The individual growth curves for each fungus are presented in Appendix A. In 

this study, the highest dry cell biomass was obtained by Mucor rouxii ( 9.52 g / l ) and it 

seemed to be the most suitable fungus for chitosan production. There have been several 

studies in the literature for chitosan fermentation. The values obtained for dry cell 

biomass were found to be in the range of approximately 3 to 6 g / l for different fungus 

strains. For example, Synowiecki et al. (1997) reported that weight of dry mycelia was 

about 4 g / l. Although the growth parameters were similar ( 28 ºC, 170 rpm ) with this 

study, the growth medium they used was different (YPG). 

A few studies could be found in the literature related with the chitosan 

production from Mucor rouxii biomass. Tan et al. (1996) found that, biomass 

concentration of Rhizopus arrhizus and Mucor spp. were 4.85, 5.85 g / l, respectively. 

In another study, Lentinus edodes was grown under submerged cultivation and after 9 

days of cultivation the concentration of dry cell biomass reached maximal value of 3 g / 

l ( Crestini et al., 1996 ). The biomass concentration obtained for Mucor rouxii in this 

study was found to be the highest among the other research. 

For chitosan manufacture by fermentation, strain producing large amount of 

biomass is preferable. Since chitosan is a cell wall material and the amount of chitosan 

is related with amount of biomass. Therefore, Mucor rouxii having the highest biomass 

is used for further fermentation studies yielding to maximum chitosan concentrations. 
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4.2. Effect of Medium Composition and Mineral Salts on Growth of Mucor 

rouxii       

      

The cultivation profiles of Mucor rouxii on Complex Medium 1 and YPG 

medium are shown in Figure 4.2. The growth curves showed different trend when the 

media composition was changed.  

Figure 4.2. Growth of Mucor rouxii on Complex Media 1 vs YPG. 

                   ( ♦ Growth on complex medium 1, ▀  Growth on YPG )   

 

As seen from the Figure 4.2. biomass concentrations increased up to almost 96 

and 144 hours and they were 9.5 and 8 g / l for Complex Medium 1 and YPG Medium, 

respectively. Similar to the results of Arcidiacono et al. ( 1989 ), the biomass yield of  

Mucor rouxii increased rapidly up to 48 hours of growth. However, the final density of 

the culture reached during this time was about 4 g / l dry mycelia. According to the 

study of White et al. ( 1979 ), dry cell weight of Mucor rouxii reached 8 to 14 g / l after 

12 and 50 h of incubation in the fermenter, perhaps due to the existing differences in 

aeration of the samples. These growth times having maximum dry cell weigths were 

significantly shorter than our results. 

The maximum biomass concentration was obtained when Complex Medium 1 

was used as the fermentation medium. The growth was also faster than that of YPG 

medium. This also may be due to the Complex Medium 1 composition; as it contained 

mineral salts for the growth requirements of Mucor rouxii. To investigate the most 

effective salt in the medium; experiments were conducted with Complex Medium 1 and 

at each run, one of the salts were discarded from medium to be able to understand which 

0

2

4

6

8

10

12

0 50 100 150 200
time ( h )

d
ry

 c
el

l b
io

m
as

s 
( 

g
 / 

l )
 



 39

one of the salt or salts are the most effective on the biomass growth. The individual 

growth curves for each media are presented in Appendix B. The growth kinetics of 

Mucor rouxii on Complex Medium 1 without (NH4)2SO4 and K2HPO4 salts are shown 

in Figure 4.3. as an example; the effect of all salts are summarized in Figure 4.4. 

Figure 4.3. Effect of mineral salts on growth.  

( ♦ Complex medium 1 without NaCl ,▲ Complex medium 1 without (NH4)2SO4   

  ■ Complex medium 1 without K2HPO4,● Complex medium 1 without MgSO4, 

  - Complex medium 1 without CaCl2 ) 

 

 

 

 

 

 

 

 

 

Figure 4.4. Effect of mineral salts on growth at stationary phase. 

       ( A ; Complex Medium 1 without NaCl           + Complex Medium 1  

                    B ; Complex Medium 1 without (NH4)2SO4 + Complex Medium 1  

                    C ; Complex Medium 1 without K2HPO4         + Complex Medium 1  

                    D ; Complex Medium 1 without MgSO4           + Complex Medium 1  

                    E ; Complex Medium 1 without CaCl2               + Complex Medium 1) 
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The growth rate of Mucor rouxii was slower without the mineral salts of 

K2HPO4 and MgSO4, and fermentation was prolonged up to 200 hours. Fermentation 

was completed within 96 hours when all the salts are present in the medium. Without 

(NH4)2SO4, NaCl and CaCl2 the stationary phase was obtained after 100 hours; but the 

maximum biomass concentrations  were 8-9 g / l still less than the findings when the 

original medium was used ( 9.8 g / l ). It can be summarized that all mineral salts are 

effective on growth but K2HPO4 and MgSO4 are found to be the most effective ones. 

Mucor rouxii needed K+ and Mg2+ ions for its metabolism. 

 

4.3. Biomass Yields of Mucor rouxii on Different Food Industry By-

products 

 

Since the mineral salts are found to be effective on the growth of Mucor rouxii; 

different food industry wastes containing these salts were used for the fermentation 

medium.  

Figure 4.5. and 4.6. show the comparison of biomass concentrations for Mucor 

rouxii using by-products and synthetic media. The cell dry biomass obtained for all 

media, ranged in between 1.5 to 10 g / l in molasses, whey, YPM, YPW, YM, PM, CM 

2 and CM 3 media. The individual growth curves for each media are presented in 

Appendix C.  

 Figure 4.5. Growth curves of Mucor rouxii on different food industry by-

products. 

( ♦ molasses ,- yeast extract + molasses, ● yeast extract + peptone + molasses ) 
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Figure 4.6. Effects of different food industry by- products on growth at 

stationary phase. 

       ( A; molasses (M) + whey (W) 

                    B; YPM + YPW 

                    C; YM + PM 

                    D; Complex Medium 2 + Complex  Medium 3 ) 

As seen from the figures, whey and molasses medium yielded to 1.0 and 2.5 g / l 

biomass concentrations, respectively. The highest growth was obtained when the 

molasses was added into YP medium and the stationary phase was observed in shorter 

periods such as 96 hours. In this case, the maximum biomass concentration obtained 

was approximately 10 g / l which was the highest among all media. When YP molasses 

medium was used, the similar trend obtained with those of the values of Complex 

Medium 1 ( 10 g / l biomass concentration ). Complex Medium 1 contains salts and 

these salts are available in molasses, adding the mineral salts to the medium, the salts 

required can be supplied from molasses. This may have economical implications in case 

of industrial production of chitosan.  

 The differences in biomass concentrations for different medium compositions 

can be more easily seen in Figure 4.6. Since molasses and whey does not contain 

nitrogen sources other than minerals; the biomass concentrations were very low. When 

yeast extract and peptone ( N source ) was added to molasses and whey medium, the 

increase in biomass concentration is clearly seen. Therefore, for chitosan production 

from cell walls of Mucor rouxii, the carbon source, nitrogen source and mineral salts are 
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very effective. YP molasses is thought to be as the best medium for chitosan production 

since maximum biomass concentration can be obtained with it. 

 

4.4. Effect of Spore Inoculum Concentration on Growth of Mucor  rouxii 

 

To determine the best spore inoculum concentration obtaining highest Mucor 

rouxii, 1 to 8 ( 0.025x10x ) spores /  ml  were inoculated to YPM medium at the same 

fermentation conditions. Figure 4.7. shows the effect of inoculum concentration on the 

growth of  Mucor rouxii. The individual growth kinetic curves for each spore inoculum 

concentrations are presented in Appendix D. 

Figure 4.7. Effect of spore inoculum concentration on growth. 

As seen from Figure 4.7., 2.5 x 104 spores / ml inoculum concentration gave the 

maximum dry cell biomass, approximately 9 g / l. Inoculating the medium with higher 

spore concentrations, yielded to similar biomass concentration in the study conducted 

by to Synowiecki et al. ( 1997 ), the  amount of Mucor rouxii inoculum of 5 x 107 cells 

per 200 ml flask reached about 4 g / l dry mycelia at 48th hour. Their medium was YPG 

and found lower values. 

In study of White et al. ( 1979 ), biomass concentration of Mucor rouxii in 14 

liter fermenter reached almost 10 g / l by inoculating 5 % inoculum ( v / v ).  
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4.5. Effect of Production Medium Volume on Growth of Mucor rouxii 

 

Production medium volume of 10, 20,30,40 and 50 ml were examined to obtain 

maximum biomass concentration and results are shown in Figure 4.8. The individual 

growth curves for each medium volume are presented in Appendix D. 

Figure  4.8. Effect of production medium volume on growth. 

 

As seen from Figure 4.8., 40 ml production medium volume gave the maximum 

biomass concentration approximately 10 g / l because of the differences in oxygen 

transfer and substrate limitation. And similar results were obtained in a study conducted 

by Shimahara et al. ( 1989 ). They used 200 ml complex synthetic medium in 500 ml 

Erlenmeyer flask to obtain the highest biomass concentration. 

Some researchers have used different medium volumes to obtain maximum 

biomass yields and hence chitosan concentrations. Arcidiacono et al. ( 1991 ) used, 

750 ml YPG and BG medium  to produce chitosan which gave 51.5 and 78 % biomass 

yield at 72nd hours. Synowiecki et al. ( 1997 ) reported that, 200 ml of liquid medium 

for fermentation of Mucor rouxii reached maximum biomass concentration about 4 g / l 

biomass concentration at 48th hour. 

  

0

2

4

6

8

10

12

0 10 20 30 40 50 60

Inıtıal volume of production medium ( ml )

d
ry

 c
e

ll
 b

io
m

a
s

s
 (

 g
 /

 l
 )



 44

4.6. Effect of Initial Sucrose Concentration on Growth of Mucor rouxii 

 

Effect of initial sucrose concentration on cell growth of Mucor rouxii was also 

investigated and results are presented in Figure 4.9. Growth kinetic curves belong to 

different initial sucrose concentrations can be seen in Appendix D. 

Figure 4.9. Effect of initial sucrose concentration on growth. 

 

 As seen from Figure 4.9., maximum biomass concentration of 13 g / l was 

obtained when 4 % sucrose was present into the YPM medium. 

 A linear approximation can be made for the sucrose concentrations below 2%. 

At higher carbohydrate concentrations, biomass growth reaches to a plateau slowly and 

reaches at its maximum value at 4% sucrose concentration. A small decrease can be 

seen at sucrose concentrations higher than 4%. This may be due to the substrate 

inhibition; excessive concentration of carbohydrate can inhibit or even poison cell 

growth. Therefore, it is common to observe this type of hyperbolic trends since 

metabolic end products may disrupt further cell growth at the critical substrate 

concentrations.  

 Fermentation studies showed that YPM medium can be used to obtain the 

maximum biomass concentration. Other findings on the effect of initial substrate 

concentration, spore inoculum concentration, medium volume when YPM medium was 

used are summarized in Figure 4.10.  
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Figure 4.10. Effects of  initial sucrose concentration, spore concentration and    

medium  volume for growth of Mucor rouxii on YPM medium. 

 

As it can be seen from Figure 4.10., YPM medium contained 4% sucrose, 106 

spores / 40 ml yielded to maximum Mucor rouxii cell growth at 28 oC, 180 rpm. 

Therefore fermenter and shake flask studies were conducted under the best conditions 

described above, and given in the following section.  

 

 4.7. Growth of Mucor rouxii in Shake-Flask and Stirred Tank Bioreactor  

 

Submerged fermentations in both shake flask and fermenter were performed 

under the best growth conditions for Mucor rouxii. The comparison of results obtained 

from the fermenter and shake flask could not been made because of differences e.g. the 

working volumes, the geometric shapes, the agitation types and aeration in these 

system. The shake flask fermentation medium had a greater surface area due to the 

shape of the flask and shaking. 
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The growth of Mucor rouxii biomass and consumption of sucrose versus time in 

shake flasks are given in Figure 4.11.  

Figure 4.11. Growth of Mucor rouxii and sucrose consumption in shake-flask in 

the best condition for fermentation 

( ♦ biomasss concentration, ■  sucrose concentration) 

 

The growth kinetics of Mucor rouxii could not be investigated in the fermenter, 

it  was difficult to remove samples during the fermentation because of the fungus 

morphology. In the fermenter, the fungus grew as large agglomerates or pulp causing 

difficulties with pumping out the broth with the biomass from the bioreactor and also 

they grew on the inside surface of the fermenter, electrodes and impeller. Because of 

these reasons, it could not be possible to take sample every day from fermentor, 

homogenously. Only two samples were obtained for 4 and 7 days.  

 As seen from the graph, biomass concentration was increased linearly up to 100 

hours. The stationary phase was obtained in between 100-120 hours of fermentation 

with the productivity value of 0.11 g / l / h. The biomass concentration and hence the 

productivity value decreased to 10 g / l and 0.06 g / l / h, respectively at the end of 

fermentation. And also total sucrose consumption was approximately 35 g / l during this 

fermentation. 

In shake flask fermentation, the pH of the medium increased from starting value 

of 4.5 to 8. In fermenter, the pH of the medium increased from 4.5 to 6 until 100 hours 

and than decreased to 5.5  during growth of M.rouxii. Aeration in the fermenter can be 

the reason of low pH changes and lower biomass concentration. 
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 The extracellular fluid was screened for protease enzyme activity. However, 

protease activity could not be detected in the supernatant. 

 
4.8. Chitosan Extraction and Yield Determination 

 

The main components of the mycelia were water, proteins and an AIF ( alkali 

insoluble fraction ) containing chitin, chitosan and acidic polysaccharides ( Synowiecki 

et al., 1997). Chitosan was extracted from the cell walls of Mucor rouxii grown under 

the best fermentation conditions. The extraction procedure was given in Section 3.2.4. 

according to this procedure, firstly AIF was obtained from the biomass with NaOH, 

then chitin and chitosan were separated from each other. Since chitin is not soluble in 

acetic acid; chitosan was dissolved in it, the end product obtained as chitosan. AIF and 

chitosan extracted from AIF followed during fermentation are presented in Figure 4.12. 

together with biomass concentrations. 

Figure 4.12. Changes of biomass, AIM and chitosan concentration during 

fermentation of Mucor rouxii 

 
The dry weight of biomass, AIM and extractable chitosan of Mucor rouxii 

increased over a period of time. The fungal biomass increased rapidly during the first 72 

hours of incubation and continued to increase until 96 hours. Beyond this point, the 

growth slowed down and the fungus appeared to enter stationary phase. The amount of 

AIM also increased steadily with incubation time to 72 hours, although its maximum 

was reached only at about 96 hours. In the case of chitosan, the absolute amount of 
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extractable chitosan increased slowly with incubation time, peaking at the 96th hour, 

followed by a slow decline when the cultures were incubated beyond this point. 

The decline of the extractable chitosan seen in growth kinetics curve might be 

due to physiological changes in the fungal cell wall ( McGahren et al., 1984 ). Chitosan 

is produced in the fungal cell wall by deacetylating its precursor, nascent chitin. During 

the exponential phase, the ratio of free chitosan molecules is relatively high, due to the 

active growth. Once the culture enters the stationary growth phase, more of the chitosan 

is anchored to the cell wall of the Zygomycetes by binding to chitin and other 

polysaccharides and extraction becomes more diffucult. Therefore, although the fungal 

biomass was highest during the stationary growth phase, less chitosan is obtained            

( Crestini et al., 1996 ). This case was also abserved in our study. 

Table 4.1. summarizes the biomass, alkali insoluble material and chitosan 

concentrations together with sugar consumption. The extractable chitosan yields are 

calculated based on the biomass produced, AIM extracted and sugar consumed 

throughout fermentation period.  

 

Table 4.1. Concentrations of mycelia, AIM, chitosan, sugar and yields of 

extractable chitosan of Mucor rouxii 

 

Days 
A:Biomass 

(g/l) 
B:AIM 

(g/l) 
C:Chitosan 

(g/l) 
D:Sugar 

(g/l) 
C/A (%) C/B %) C/D ((%)

1 4 1.5 0.5 25 12.5 33.3 2 
2 7.5 3.8 1.2 27.5 16 31.5 4.3 
3 11 6 2 25 18.1 33.3 8 
4 12.5 7.8 2.5 23 20 32 10.8 
5 13.5 8.5 2.4 20 17.7 28.2 12 
6 12.5 7 1.8 15 14.4 25.7 12 
7 10 4.5 1 

 
5 10 22.2 20 
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CHAPTER 5 
 

CONCLUSIONS AND RECOMMENDATIONS 
 
 

The objective of this study was to obtain chitosan from the cell walls of fungi 

having the maximum biomass concentration. Therefore, five fungal strains were 

screened for their biomass growth. Among the fungus species of Absidia spp, 

Aspergillus niger, Rhizopus arrhizus, Cunnighamella elegans and Mucor rouxii, Mucor 

rouxii was found as the producer of the highest amount of biomass. 

Effect of different medium components ( YPG, M, W, YPM, YPW, YM, PM, 

Complex Medium 1, Complex Medium 2, Complex Medium 3 ), initial sucrose 

concentrations ( 1, 2, 3, 4, 5 % ), initial production medium volume ( 10, 20, 30, 40, 50 

ml ) and initial spore inoculum concentrations ( 1 to 8, 0.025x10x ) were investigated on 

the growth of Mucor rouxii. The maximum biomass concentration of Mucor rouxii was 

obtained at its late exponential phase on molasses YP medium containing 4% sucrose, 

106 spores in 40 ml at 28 oC, 180 rpm by submerged fermentation in shake flasks. 

The effect of salts added into the fermentation medium was also examined and 

K2HPO4 and MgSO4 were found to be the most effective salts on the growth of Mucor 

rouxii.  

This study showed that molasses can be used as a convenient substrate for the 

production of chitosan. Molasses which is a by product of food industry contains 

sucrose and mineral salts which constitutes a good formulation needed for the growth of 

fungal biomass. 

The yield of extractable chitosan obtained from cell wall of Mucor rouxii was 

2.5 g / l and it is almost 20 % of biomass and approximately 35 % of alkali insoluble 

fraction. 

Since the studies in the literature focusing specifically on chitosan production by 

fungi are rare, the results of this study may contribute to the following research. Due to 

the time limitations of the present work, some aspects could not be studied. For future 

studies characterization of chitosan ( determination of molecular weight, degree of 

deacetylation,...), biocompatibility and antimicrobial activities, production of films, 

membranes, beads  for different purpose could be worth to investigate. 
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Figure A.1. Growth of Mucor rouxii on complex medium 1  
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Figure A.2. Growth of Rhizopus arrhizus on complex medium 1 
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Figure A.3. Growth of Absidia on complex medium 1 
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Figure A.4. Growth of Aspergillus niger on complex medium 1  
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Figure A.5. Growth of Cunnighamella elegans on complex medium 1  
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APPENDIX B 
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Figure B.1. Growth of Mucor rouxii on Complex Medium 1 without MgSO4  
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Figure B.2. Growth of Mucor rouxii on Complex Medium 1 without CaCl2 
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Figure B.3. Growth of Mucor rouxii on Complex Medium 1 without ( NH4)2SO4 
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Figure B.4. Growth of Mucor rouxii on Complex Medium 1 without K2HPO4 
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Figure B.5. Growth of Mucor rouxii on Complex Medium 1 without NaCl 
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APPENDIX C 
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 Figure C.1. Growth of Mucor rouxii on molasses 
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Figure C.2. Growth of Mucor rouxii on whey  
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 Figure C.3. Growth of Mucor rouxii on YPM 
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Figure C.4. Growth of Mucor rouxii on YPW 
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Figure C.5. Growth of Mucor rouxii on YM 
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Figure C.6. Growth of Mucor rouxii on PM 
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Figure C.7. Growth of Mucor rouxii on Complex Medium 2  
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Figure C.8. Growth of Mucor rouxii on Complex Medium 3 
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APPENDIX D 
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Figure D.1. Growth of Mucor rouxii in YPM medium inoculated 0.025x101 
spores 
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Figure D.2. Growth of Mucor rouxii in YPM medium inoculated 0.025x102 
spores 
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Figure D.3. Growth of Mucor rouxii in YPM medium inoculated 0.025x103 
spores 
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Figure D.4. Growth of Mucor rouxii in YPM medium inoculated 0.025x104 
spores 
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Figure D.5. Growth of Mucor rouxii in YPM medium inoculated 0.025x105 
spores 
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Figure D.6. Growth of Mucor rouxii in YPM medium inoculated 0.025x106 
spores 
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Figure D.7. Growth of Mucor rouxii in YPM medium inoculated 0.025x107 
spores 
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Figure D.8. Growth of Mucor rouxii in YPM medium inoculated 0.025x108 
spores 
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Figure D.9. Growth of Mucor rouxii in 10 ml of YPM medium 
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Figure D.10. Growth of Mucor rouxii in 20 ml of YPM medium 
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Figure D.11. Growth of Mucor rouxii in 30 ml of YPM medium 
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Figure D.12. Growth of Mucor rouxii in 40 ml of YPM medium 
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Figure D.13. Growth of Mucor rouxii in 50 ml of YPM medium 
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Figure D.14. Growth of Mucor rouxii in YPM medium containing 1 % sucrose 
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Figure D.15. Growth of Mucor rouxii in YPM medium containing 2 % sucrose 
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Figure D.16. Growth of Mucor rouxii in YPM medium containing 3 % sucrose 
 
 
 
 



 71

0

2

4

6

8

10

12

14

0 50 100 150 200

time ( h )

d
ry

 c
e

ll
 b

io
m

a
s

s
 (

 g
 /

 l 
)

 
 

Figure D.17. Growth of Mucor rouxii in YPM medium containing 4 % sucrose 
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Figure D.18. Growth of Mucor rouxii in YPM medium containing 5 % sucrose 
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APPENDIX E 
 
 

Calibration Curves 
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 Figure E.1. Calibration curve for sucrose standard ( HPLC ) 
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 Figure E.2. Calibration curve for sucrose standard ( UV-VIS.Spectrophotometry 
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Figure E.3. Calibration curve for lactose standard ( UV-VIS. Spectrophotometry ) 
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APPENDIX F 
 
 

 
 

Definitions of Fermentation Evaluation Terms 
 
 Productivity : Productivity is the amount of product produced per volume and 
per time. 
 
 Productivity,  ( g / l / h ) = Pf  -  Pi    
                                                         tf  - ti 
 
 
 P = product ( chitosan ) concentration ( g.L-1 ) 

  t = time ( h )   

  i = initial 

     f = final 
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