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ABSTRACT

Worldwide every year approximately 140 million tonnes of synthetic polymers are produced. These polymers are
stable and their degradation cycle in the biosphere is limited. This necessitates the need for natural biodegradable
polymers which fit into the ecological cycle. Among these biopolymers, chitosan, a partially deacetylated form of
biopolymer chitin has been receiving more attention due to its versatile nature. Commercial chitosan is obtained
from crustacean shells such as crabs, lobsters and shrimps are loaded with many demerits and limited the potential
industrial acceptance of chitosan. Mycelial wastes from fermentation processes as a source of fungal chitin and
chitosan would offer a stable non-seasonable source of raw material and would be more consistent in character and
of high quality. In this context, the present review discusses biopolymers, the merits and demerits of various sources
of chitosan and its various biological activities.

Keywords: Biopolymer, chitin, chitosan, crustacean , fufigimentation.

INTRODUCTION

Plastics and polymers are an integral part of @ily &xistence [1]. Worldwide polymer production svestimated
to be 260 million metric tonnes per year [2]. Etaslebris poses considerable threat by choking stadving

wildlife, distributing non-native and potentiallyatmful organisms, absorbing toxic chemicals andraftigg to

micro-plastics that may subsequently be ingestedccumulation and fragmentation of plastic debrisgiobal

environments[3]. Environmental problem associatéti plastics have stimulated the formulations aggidlations
regulating polymer use with increasing public awditizal awareness and to satisfy the environmeimtgleratives,
research is directed towards finding suitable stulies that are biodegradable besides retainingtbperties of the
conventional plastics. Of particular interest aigdbgradable polymers which fit into the ecologicatle[4].

1. Existence of biopolymers

Living matter is able to synthesize a wide ranfelifierent polymers, and in most organisms thespdlymers
contribute the major fraction of cellular dry matt€he functions of biopolymers are in most casssgential for the
cells and as manifold as their structures[5].Bigpwrs may be naturally occurring materials: mostenials

formed in nature during the life cycles of greeants, animals, bacteria and fungi are polymersobynper matrix

composites. Biopolymers include the polymers sugltellulose, starch, the carbohydrate polymers ymed by
bacteria and fungi and animal protein based biapehg such as wool, silk, gelatin and collagen: bipmers,

especially the carbohydrate origin, have been forgrgl promising industrial application in variowsrs [6].

2. Chemical classification of biopolymers

Organisms are able to synthesize an overwhelmingtyaof polymers which can be distinguished initgh¢ major
classes according to their chemical structure.

1. Polynucleotides such as nucleic acids

2. Polyamides such as proteins and poiydr f-) aminoacids
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Polymers such as starch, cellulose, glucans, manghitin and chitosan [7].
Organic polyoxoesters such as poly hydroxy alkaaocids, polymalic acid and cutin
Polythioesters such as Poly (3HB-3MP) which were reported recently.

Inorganic polyesters such as polyphosphate.

Polyisoprenoids such as natural rubber or Guttahzer

Polyphenols such as lignin or humic acids.

N U AW

3. Functions of Biopolymers

These biopolymers fulfill a range of quite diffetesssential functions for the organisms such asexwation and
expression of genetic information, catalysis ofctiens, storage of carbon, energy (or) other notsiedefending
and protecting against the attack of other celegahdous environmental factors, sensing of biotid abiotic
factors, communication with the environment andeotbrganisms, mediation of the adhesion to surfategher
organisms (or) of non-living matter and many mdkkernatively, they may be structural componentseifs like
chitin, chitosan, tissues and entire organismsrdfi@l polymers are used by industry for techinggeplications in
medicine, pharmacy, agriculture, as packaging ris$eand in many other areas. Biotechnological petidn of
these polymers is mostly achieved by the fermesmatf microorganisms in stirred tank bioreactors dahe
biopolymers can be obtained as extracellular g@racellular compounds.

4. Principlesof Biopolymer Synthesis

Location of Biosynthesis

All biopolymers are synthesized by enzymatic preessin the cytoplasm, in the various compartmeaot} (
organelles of cells, at the cytoplasmic membrang 4b cell wall components, at the surface of célly even
extracellularly. Polymers can be also excretethfoells into the environment. This occurs for exmp enzyme
proteins which hydrolyze polymeric nutrients oridig[8].

5. Biopolymersand Renewable Resour ces

Biopolymers can be obtained from agriculture ontdibnological processes overview on the major prtsdwhich
are available from the plantation of crops andsinehich are used for non-food applications. With #xception of
triacyl glycerols and sucrose, these products ai@lgnpolymers such as starch, cellulose, lignid aatural rubber.
Many biopolymers possess rarer chemical structares compositions and are therefore not availalden fthe
chemical synthesis. Biopolymers like almost alldarets of living matter are generally biodegraddhiethis is not
a general feature of synthetic polymers[9]. These dspects indicate reasons for the growing int@faadustry to
produce and use biopolymers for a steadily increpsumber of applications [10].Only, few biopolyradrave been
commercialized so far, this is mainly due to prdiurccosts, which are often much higher than syithmolymers
that have been established in the market duringlakiedecades. However this situation may changesdme
biopolymers in the future, when biotechnologicabgurction processes have been further optimized ifaodr
knowledge of the material properties and processfrigopolymers has increased.

6. Isolation and Synthesis of Biopolymers

There are different ways to produce biopoymers daorto make them available for interesting technica
applications: (i) Many biopolymers occur abundaitiyature and are isolated from plants and algaielwgrow in
natural environments or are cultivated on planteticCellulose and starch are isolated from sewagetultural
crops and trees such Zea maize or Pinus silvesteris, respectively. Natural rubber is isolated frorargations of
rubber treeHevea brasiliensis and agar and alginates are isolated from red dgimnging to the genuSelidium
[11] or from various brown algae also referred $csaaweeds [12]. Hyaluronic acid is extracted ftbenumbilical
cords of newborn children. DNA polymerases in tlodymerase chain reaction (PCR) are used to procha®o
disperse defined DNA molecules[13]. Dextran canpbeduced on a technical scale with isolagiconostoc
mesenteroides [14] Polymers such as xanthan frobanthomonas campestris [15] and dextran fronteuconostoc
mesenteroide [16] by fermentation technology. Microbial cellubbsobtained by ferementation @fcetobacter
xylinum has more medical applications such as wound agssscaffolds for tissue engineering and artifiolaod
vessels over plant cellulose. Polyhydroxy butyredes available under the trade name “Biopol” fronNEECA and
Monsanto, have been also produced on an industriédé by employindralstonia eutropha. However, genetically
engineered bacteria can also be employed for thdugtion of biopolymers.

Intracellular and Extracellular Production of Biopolymers

The biotechnological production of biopolymers ascintracellularly or extracellularly. This causesseral severe
consequences regarding the limitations of the prtioln and downstream processes to obtain the hiopok in a
purified state.
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PHAs [17], Cyanophycin[18] , Glycogen [19], Starf@®] and polyphosphate[21] are examples of biopss
which are accumulated in the cytoplasm of cellse Bivailability of space in the cytoplasm therefbingits the
amount of polymer that can be produced by a cdiisTis particularly relevant for fermentation pratian
processes mostly employing microorganisms. Inttaleel chitin, chitosan synthesis occurs also in inecess of
wall formation during spore development within gporangia of zygomycetes [22]. Therefore, the yEdvolume
is limited or determined by the cell density and traction of biopolymer in the biomass. The tediguocesses
must follow the production of the biomass containthe biopolymer to disintegrate the cells or tss@and to
release the biopolymer from the cells. Furthermirshould get separated from other cell constitsievhich are
released concomitantly along with the biopolymedyRy-D-Glutamate) [23] and many polymers such as atgma
[24], dextran, xanthan and microbial cellulose[25E examples of biopolymers which occur outsigecils, either
as a result of extracellular synthesis or of exareby the cells. Polylactide acid is produced g tombination of
biotechnological and chemical approach [26]. Thiedtlstrategy is to convert an intracellular procé#® an
extracellular process by metabolic and geneticragging of the cells or organisms.

7. Biopolymersfrom fungi and yeast

Pullulan fromAureobasidium (Pullularia) pullulang[27,28],Extracellular polysaccharide composed chdetyl-D-
glucosamine and N-acetyl-D-glucuronic acid residusm Rhinocladiella mansonii[29], Extracellular
polysaccharide composed of 2-acetamido-2-deoxytBwgbnic acid residues from Rhinocladiella
elatior[30],Water soluble polysaccharide frofnmillaria mellaria[31],Capsular polysaccharide froeptosphaeria
albopunctata[32],Extracellular branched D-glucan fravonilinia fructigena[33],Phosphomannans frorlansenula
holstii andHansenulacapsulata[34-37]

Polysaccharide Y-1401 fromCryptococcus laurentii[38],Tremella heteropolymers fromTremellames
enteric[39],Sclero glucan fromClaviceps purpurea[40],Chitin from Streptomyces cerevisiae, Pythium ultimum,
Fusarium oxysporum, Rhizoctoniasolani, Cryptococcus neoformans, Rhizopus oryzag41-43],Chitosan fronMucor,
Absidia, Rhizopus species andLentinus edodes[44]

8. Factors affecting the Synthesis of Polysaccharides

a. Nutritional factors and mode of cultivation

Production of microbial polymers is generally faxed by a high carbon or nitrogen ratio in the medilhe
nitrogen source is growth limiting nutrient and it®ncentration is set to produce the required b&sma
concentration. Since cations can affect the rhécddgoroperties of polymers solutions, care musttddeen in
optimizing the concentration of salts provided asiants in the medium.

Continuous culture is not used for the productibmirobial polymers. At higher growth rates, whiate desirable
for high productivity, an increasing proportiontb& carbon source is used to produce biomass rdhepolymers.
Furthermore, some polymers producing microorganiarasot stable in continuous culture whereasrsstbility
is less of a problem in batch cultures which arshafrter duration [45].

For some microorganism the carbon source deterrbiotbtsthe quantity and quality of formation and ¢ueantity of
the product synthesized. Ordinarily the carbon s®uconcentration affects the efficiency of carbaurse
conversion into polymers e.g. conversion efficien€glucose to polymer b}anthomonas campestris by increased
concentration of glucose [46].

Although a nitrogen source is necessary for both grewth and enzyme synthesis for polymers foromtian
excess of nitrogen, in general reduces converdicarbohydrate substrate to extracellular polymers.

b. Environmental Factors
Temperature often is critical in polymer synthesis.general, the optimal temperature for cell gtowiso is
optimum for product formation. Most of the polymproducers are mesophilic.

Large amount of hot air and high degrees of agitatire applied during fermentation to combat tledficient mass
transfer due to high viscosity. Another importaattbr is pH. The bacterial polymers of possible owmrcial
significance appear to have an optimal pH for sgsit between 6.0 and 7.5[47]. For fungal gum pridocthe
optimum pH lies between 4.0 and 5.5[48] .

Many microorganisms have strict requirements fatade mineral elements. Among these elements arie, kg,
Ca, Mo, Fe, Cu and Zn are required. However ceg@ments can inhibit the product formation. Assautt, the
mineral requirements for polymer synthesis varyrfigpecies to species .
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9. Chitin and chitosan

a. Background

Professor Henri Braconnot, Director of the Botah@arden in Nancy, France first isolated a fractiaiied fungine
in 1811 from the cell walls of mushooms. In 1823i@denamed fungine as chitin almost 3 decadesrbdfe
isolation of cellulose [49].

b.Definitions and Chemical structures

Biopolymers originate from natural sources and liaogically renewable, biodegradable and biocorihyet
Chitin and Chitosan are the biopolymers that haeeived much research interests due to their nuregyotential
applications in agriculture, food industry, biomgde, paper making and textile industry.The amihacan chitin
(poly-GIcNAc) is the second most abundant organimpgound in nature after cellulose (Ruiz Herrer&,8)9Chitin
is a polysaccharide made of N- acetyl —D- glucosamuinits connected (1 - 4) linkage.

CH20H CH20H ]
4 H 0 T 0
H o H o
OH H OH H J
H H
L H NHCOCH3 H NHCOCH3 _|
In
Chitin

Chitosan was purportedly first discovered in 18Rouget while he was experimenting with thermal ahemical
manipulation of the natural fiber chitin by loosiagetyl group[50].

CH20H CH20H ]
N
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OH H OH H .|
H H
H NH2
_ NH2 H n
Chitosan

However, commonly available chitin and chitosanrayestrict homopolymers but they exist as copolgne

b. Occurrence and Composition of Chitin and Chitosan
Chitin is widely distributed in marine invertebraténsects, fungi and yeast [51]. However, chisimot present in
higher plants and higher animals.

c. Crustacean chitin

The crustacean shells of crabs, shrimps and crhaWfilan and Hadwiger, 1979) consist of 30-40% piat 30-
50% calcium carbonate and calcium phosphate an8020-chitin[52]. Studies of Ashford and co-worket917)
demonstrated that chitin represents 14-27% and5%3-df dry weight of shrimp and crab processing esst
respectively[53].

e. Fungal chitin

The chitin of fungi possesses principally the sastrecture as that of the crustacean chitin. Howevenajor
difference results from the fact that fungal chiignassociated with other polysaccharides suchlasags and
mannans which do not occur in the exoskeletontbf@pods[54].

Chitin is widely distributed in fungi, occurring iBasidiomycetes, Ascomycetes and Phycomycetes wh&ea
component of the cell walls and structural membsasfanycelia, stalks and spores . However, ndiualgji contain
chitin and the polymer may be absent in one spehagsis closely related to another. It is the majomponent in
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primary septa between mother and daughter cel&athromyces cerevisiae and also one of the main components
of the hyaline outer wall of spores of four arbdacumycorrhizal glomus species [55]. The chitintioé¢ white-rot
fungusRigidoporus lignosus is degraded by enzymes excreted as a defensensespyg the host cell and therefore
not detectable during the process of infection [26]Jother white rot fungushellius noxius do not contain chitin
[57]. The mycelia, the caps and stalks of fruitbmdies of four edible mushoomsentinus edodes, Lycophyllum
shimeji, Caju andVolvariella volvacea contain chitin as a minor component [58].

f. Composition of fungal chitin

The molecular mass of chitin in fungi is not knowtowever it was estimated that bakers yeast syizg®sather
uniform chains containing 120-170 GIcNAc monomeitsuwhich corresponds to 24,000 — 34,500 daltos. [
Sacchromyces cerevisiae terminal reducing ends of chitin chains are agacthough3 (1, 4) orp (1, 2) linkages to
the non-reducing end ¢ (1, 6) glucan. Attachment of chitin to glucan mtadyzed by chitin synthase [60]. A
mannoprotein is attached fo(1, 6) glucan though a glycosyl phosphatidyl itmishtnchor containing fivel - linked
mannosyl residues[61]. A mutant $dcchromyces cerevisiae with a reduced (1,3) glucan content shows increased
cross linking of mannoproteins to chitin trougli1,6) glucan[62].

0. Crustacean chitosan
Commercial chitosan mostly available in the marketerived from crustacean chitin by chemical dgdaton.

h. Fungal chitosan

Chitosan occurs naturally in the mucorales suchlasor, Absidia and Rhizopus species. There is apparently only
one report on the presence of chitosan in a basidiete, Lentinus edodes (Shiitake mushoom). Slime molds
(Myxomycetes) and bacteria (Schzomycetes) are dexfoihitin

Physiological Function

Chitin serves as a fibrous strengthening elemesptanesible for cell wall rigidity. However, theresasther functions
of chitin and chitosan as revealed by mutants hgaai defect in the complex machinery of chitin pidkesis,
intracellular trafficking of chitin synthases or piesition of the polysaccharide in cell walls, aligb the
morphology of a mutant may be indistinguishablerfribat of wild-type [63].

j- Chemical Analysis and Detection

Frequently, GIcN is quantified by colorimetric metts in hydrolyzates of alkali-resistant fractioasdetermine the
amounts of chitin and chitosan [64]. GIcN was aletermined in acid hydrolyzates by high- perforneahiquid
chromatography (HPLC) of 9- fluroenyl methoxy camplo(FMOC) or phenyl isothio cyanate (PITC)-GlcN8]6or
by gas chromatography-mass spectrometry (GC-MS)[6&Galization of chitin in cell walls or spores fafngi is
achieved by using dyes that intercalate with palgharides. Calcofluor white shows enhanced fluaese when
binding tof3 (1,4) glucans such as chitin, chitosan and cedkilovhereaB (1,3) glucans are selectively stained with
aniline blue (Nicholagt al.,1994). Various wheat germ agglutinin (WGA) labelteghniques in combination with
fluorochromes or gold labeling are also describadtlie detection of chitin in fungi.[66].Fouriemtrsform (FT)
Raman spectroscopy of cell walls of fungi was agplio discriminate between different mixed speaiesulture
media[68].

k. Biosynthesis of chitin and chitosan
Chitin is biosynthesized in all chitinous fungicinding the relatively few investigated examplesnatficorales
which contain chitosan. Biosynthetic pathway otichand chitosan[69]. (Figure 3)
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Fructose 6 - phosphate

Glutamine Fructose6-Phosphate amido transferase GFA1

Glucosamine 6 - phosphate

N- Acetyl glucosamine 6 -phosphate mutase GNA1

N- Acetyl glucosamine 6-phosphate

N- Acetyl glucosamine pyrophorylase AGM1

N- Acetyl glucosamine 1-phosphate

UDP N- Acetyl glucosamine pyrophorylase l UAP1

UDP N- Acetyl glucosamine

. YEA4
UDP N- Acetyl glucosamine transporter l

UDP N- Acetyl glucosamine

Chitin Synthase regulatory proteins l CHS1, CHS2, CHS3, CHS4, CHS5, CHS6, CHS7

Chitin

Chitin deacetylase
B I CDA,, CDA,

Chitosan

Figure 3 Biosynthesis of chitin and chitosan

[. Chitin synthases

In contrast to the situation in arthopods many itketd chitin biosynthesis are known in fungi. Mastthe current
knowledge is based on studies on baker’s y&asthromyces cerevisiae. The various aspects of chitin synthesis in
fungi have been reviewed [70-75].

m.Chitin Deacetylase (CDA)

Enzymatic Deacetylation of chitin by CDA is appahenestricted to fungi and bacteria [76, 77]. was first
identified and partially purified from extracts tife fungusMucor rouxii [78]. Since then, the presence of this
enzyme activity has been reported in several ofinegi [79]. Eventhough chitin biosynthesis, enzyomy and
cytology in fungi have been extensively studiedréhis limited information on chitosan biosynthe€Si®A from
Mucor rouxii is a secreted enzyme and that its function isliwadin the perisplasmic space[80].

10. Synthesis of Chitin and Chitosan Production

a. Industrial and Traditional Synthesis of Chitin and Chitosan

The annual biosynthesis of chitin is estimated @3 Hillion tons [81]. The best available sourcechitin is the
seafood waste, primarily by the crabs and shringlshThe annual world wide production of crustacehells has
been estimated as 1.2 X16ns [82].
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Crustacean chitin is naturally closely associatétl proteins, minerals, lipids and pigments. Thauistrial process
consists of 3 basic steps: Demineralization to re©aCQ, Deproteinization to remove protein and Decolorati
to remove pigments[83].Based on the basic steps)yniadustrial procedures have been developed fer th
demineralization and deproteinization parametersusT Percotet al., 2003 found that demineralization and
deproteinization were completely achieved withiniih at ambient temperature in 0.25M HCI and witBéhh in
1M NaOH at a temperature around’@Owithout damage to the molecular weight or therdegf deacetylation
respectively[84].Chitosan is generally producedrfrohitin by treatment with 40 - 50% of sodium hyxioe or
potassium hydroxide solution at 80 - 1680

b. Synthesis of fungal Chitosan

Synthesis of chitin and chitosan from fungal mywelihas recently received increased attention dwségtaficant
advantages. The crustacean waste supplies aredirbif seasons and sites of fishing industry, wthike fungal
mycelium can be obtained by convenient fermentatwacess that does not have geographic or seasonal
limitations[85].

Fungal mycelia have lower level of inorganic matkricompared to crustacean wastes and thus no eedization
treatment is required during the processing [8&istzrcean chitin and chitosan may vary in the plysiemical
properties, while fungal chitin and chitosan hawdatively consistent properties because of the rotet
fermentation conditions[87].Fungal chitin and ch@ao are apparently more effective in inducing tlaatpmmune
response and are potentially more suitable forcatitiral applications [88].Many fungal species utihg Absidia
glauca, Absidia coerulea, Aspergillus niger, Mucor rouxii, Gongronella butleri, Phycomyces blakesleeanus, Absidia
blakes eeanus, Rhizopus oryzae, Trichoderma reesei and Lentinus edodes have been investigated for the production
of chitin and chitosan [89-93]. Among all investigg species, the most commonly researched oleIGsr rouxii
and quantities of chitin and chitosan in its myzetian reach 35% of cell wall dry weight..Fungi asaially
harvested at their late exponential growth phasibtain the maximum yield for chitin and chitosaithough fungi
can be grown on solid media, cultivation for chiind chitosan isolation is usually carried outhe Yeast Peptone
Glucose Broth (YPG), Potato Dextrose Broth (PDB)Mwlasses Salt Medium (MSM).Extraction process from
fungal sources is similar to industrially utilizeccept that no demineralization treatment is reglidue to low
mineral content in fungal mycelia.

It involves 3 steps

a.Alkaline treatment to remove protein and alkalisdé polysaccharides.
b.Acid reflux to separate chitin and chitosan

c. Precipitation of chitosan under alkaline conditions

Removal of proteins by alkaline treatment is comingrerformed with 1M NaOH at 9& from 1 to 6 h and at
121°C from 0.24 h to 1 h. Separation of chitosan by a@atment is usually carried out by 2 to 10% iacatid or
HCI at 95C for 3 to 14 h. 2%NaOH was used at@Qluring 2 h for alkali treatment and 10% acetiiclat 60C
during 6 h for acid reflux during the extraction affitin and chitosan frorMucor rouxii. Hu et al., 1999 adopted
autoclaving at 12°C in both alkaline and acid treatmentAifsidia glauca mycelia. However, the temperature and
time of treatment had to be reduced t6@%nd 1h to avoid polymerization of chitosan durgxgraction from
zygomycetes.Most of the studies in this field, aartcate on the fermentation process to produceafumgcelia for
chitin and chitosan extraction.Relatively few saslhave focused on the fungal waste from induderahentations
or mushoom industry. However, considering the arhainvaste that accumulates during processingiccitcid
industry and mushoom industry specifically frégaricus bisporus growing practices can provide plenty of raw
materials for fungal chitin and chitosan producti@itric acid is the most widely used organic aaidfood,
beverage and pharmaceutical industries. The indlugtroduction is based oispergillus niger submerged
fermentation The current world requirements for citric acid puotion are estimated to be 400,000 tons/year [94].
Managing this waste presents an extra expensdéoproducers and alternative solution for myceliaposal has
been evaluated. One of the potent outputs for peatsmycelia is in food supplements. However, thige of feed
seems to be difficult to compete with the other |mice feeds.

11. Phar macokinetics

Experimental evidence suggests that chitosan isapardigested and absorbed owing to the acidicirenment of
the stomach, enzymes present in saliva and gqsite and bacterial enzymes in the large intestiral intake of 1
g/day of chitosan increases the serum concentrafibhiacetyl D-glucosamine[95].

12. Adver se effects and T oxicity
Chitosan is generally considered to be non-toxiaZkérelli, 1999). In clinical studies, very few adse effects
which are mild and transient like nausea, flatuéenboat irritation, itching [96, 97].
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13. Interactions

Theoretically, there has been concern that chitesautd bind fat-soluble vitamins and deprive thelypof these
essential nutrients. It has been suggested tramnirtsupplements should be taken at a separatdriimechitosan
inorder to avoid any potential interaction . Abgap of vitamin A andp-carotene is not altered by chitosan
intake[98]. Studies have shown that absorptionrade metal ions such as Fe and Zn is not inhitbtedhitosan
administration.

14. Products

Chitosan is available in dietary supplements soldien several properiatary names. Products may indioed with
a starch excipient. Additionally, chitosan may loeirfd in combination with other substances, suclamsetite
suppressants, stimulants, chromium picolinate,ittaenor amino acids in products marketed for weilglss [99].
Chitosan has been sold in Europe and Japan fopdlse 20 years as a nonprescription product to iinifeb
absorption[100].

15. Physico-chemical Properties
a. Physical properties
It is off white amorphous translucent flake or p@weith pearly colour.

b. Solubility

Chitin is insoluble in most organic solvents; Chda is readily soluble in dilute acidic solutiorsldw pH 6.0.
Organic acids such as acetic, formic and lactidsaare used for dissolving chitosan. The most coniynoesed is
1% acetic acid solution at about pH 4.0 [101].

c. Degree of deacetylation

This term is used to characterize chitosan andsgive proportion of monomeric units (glucopyranasfejhich the
acetylic groups that have been removed, indicatiegproportion of free amino groups on the polyni#HDA is a
key property that influences the physical and cleaimtharacteristics of chitin and chitosan inclgdsolubility,
chemical reactivity and biological activity[102].0 could vary from 70 to 100% depending on the niaciuring
method used. This parameter is important sinaadicates the cationic charge of the molecule afigsolution in a
weak acid [103].Various techniques have been pmrxgbde determine the degree of deacetylation fotirclaind
chitosan. The methods include infrared spectros¢tpy,*C solid NMR, Ultraviolet spectrometry. Potentionietr
titration and High pressure Liquid chromatograptPC)[104-109].Among these techniques IR is the tmos
utilized one because of its convenience in minisaahple preparation, but IR requires the preciséradion using

a wide spectrum of chitin and chitosan standardis kiown DDA. The solidC solid state NMR appears to be the
most reliable technique and is often used as tferamce method [110-112]. But, it is not availabdlemany
laboratories due to the high cost of the instruméntraviolet spectrometry and potentiometric tima are
techniques that require dissolved samples and aleisiot applicable for chitins and chitosans withAD< 50%.
The degree of deacetylation by infrared spectrogdop microbial chitin and chitosan can be detemminutilizing
the following baselines.

i. DDA = 100-[(A1655/ A3450) x 100/1.33] [113]

ii. DDA = 97.67-[26.486X (A1655 / A3450)][114]

iii. DDA = 100 — [(A1655 / A3450) X 115] [115]

iv. DDA = 118.883-[40.1647 X (A1655/A3450)] [116]

d. Molecular weight

Chitosan is a biopolymer of high molecular weidlike its composition, the molecular weight of clsiém varies
with the raw material sources and the method gamation [117]. The molecular weight of chitin heeen reported
to be as high as many Daltons. However, the harsmical treatment tends to bring down the molecwizight of

chitosan ranging from 100 kDa to 1500 kDa.The losigaular weight of chitosan could be produced hiiegi

enzymatic or chemical methods [118].

The molecular weight of chitosan can be determibgdmethods such as chromatography , Light scagerin
Viscometry [119-120].

Mark-Houwkinsequatiom=K[M]? [121].

Where K = 1.81X10 and a= 0.93.
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e. Purity

The purity of the product is vital particularly fdrigh-value product (biomedical or cosmetic areajitp is

guantified as the remaining ashes, proteins, ifdeduand also in the bio-burden (microbes, yeastsjlds and
endotoxins). Even in the lower value chitosan sashhat used for waste water treatment, the pisity factor
because the remaining ashes or proteins tend tk lalctive sites, the amine grouping. Applicatiorcbitosan can
be classified mainly in three categories accordimghe requirement on the purity of chitosan sushezhnical
grade for agriculture and water treatment,pure @rfad the food and cosmetic industries and ultreerade for
biopharmaceutical uses.

16. Applications of chitosan

The poor solubility of chitin is the major limitinfactor in its utilization.Chitosan is consideresl @ potential
polysaccharide because of its free amino groups dbatribute polycationic, chelating and dispersfonming
properties along with ready solubility in diluteedic acid. Chitosan possess exceptional biologaoal chemical
qualities that can be used in a wide variety otistdal, medical and pharmaceutical applications.

Table 3 General Applications of chitosan

Waste water Removal of metal ions, flocculant/coagulation dadtein, dye, aminoacids

treatment

Food industry Removal of dye, suspended solids, as a preseryatileur stabilization, food stabilizer, thickerserd gelling agent
animal feed additive etc.

Agriculture Seed coating, fertilizer, controlled agro chemiedgase, in prevention of decay of fruits and veded s.

Biotechnology Enzyme immobilization, protein separation, cellnegry, chromatography.

Medical Wound and bone healing, blood cholesterol conskih burn, contact lens, surgical sutures, dertajye inhibition,
clotting agent, anti-tumor, etc.

Cosmetics Moisturizer, face, hand and body creams, bathrogtc.

Phar maceutical Applications of chitosan [122-157]

* Diluent in direct compression of Tablets

 Binder in wet granulation

» Slow-release of drugs from Tablets and granules

 Drug carrier in microparticle systems

» Films controlling drug release

» Preparation of hydrogels, agents for increasingogsy in solutions

» Wetting agent and improvement of dissolution offhpsoluble drug substances
* Disintegrant

 Bioadhesive polymer

« Site-specific drug delivery(stomach or colon)

» Absorption enhancer (nasal or oral drug delivery)

 Biodegradable polymer (implants, microparticles) rr&a in relation to vaccine delivery or gene thmra

17.Biological Activitiesof chitosan

a. Antioxidant activity of chitosan

Reactive oxygen species and free radicals are guenaturally in the body during aerobic metalnoleénd cause
oxidation of lipids, proteins, sugars, sterols andleic acids. During ageing process, antioxidafedse systems
weaken, resulting in the accumulation of (ROS) f&iré radicals. Uncontrolled formation of these fradicals is
toxic as they cause cellular damage leading to natyrological conditions such as arthitis, cancgroke,
arthosclerosis, retinal damage, diabetes and latatk. The body has developed natural antioxidémtight
against these free radicals. However the capadityuoh systems gradually decreases with ageingltires in
imbalances in the redox status. Therefore, the bauagt be nourished with a diet that includes adi&qua
antioxidants. Scavengers of free radicals are mpitexee antioxidants, and their presence breaks tkidative
sequence at different levels. Antioxidative nuttdmals, such as tocopherols, ascorbic acid, ciaités,
polyphenols and chitosan can help to minimize diidadamage and reduce the risk for age-relatedraiss by
preventing the accumulation of ROS and free radidaladdition antioxidant property of chitin arfiitosan depend
on degree of deacetylation and molecular weightv MW chitosan was recently reported to be moreatifie
antioxidant than high MW chitosan. Chitin and ck#én are known to adsorb metal ions, with chitosduibéing an
increased affinity as a result of its free aminoups. The ability to chelate metal ions involvedoixidative
reactions can be highly useful in food preparationl storage, health care, water treatment, andnatautical
products [158, 159].
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b. Antitumor activity of chitosan

Cancer is currently the cause of 12% of all deathddwide. Cancer prevalence in India is estimatetie around
2.5 million, with over 8, 00,000 new cases and®0B0 deaths occurring each year due to this icdoetry [160].
Incorporation of anticarcinogenic and antioxidatimeitraceuticals such as phytochemicals (i.e., faids,
polyphenols, retinoids etc.) into the diet can h&dpreduce the occurrence of some cancers by a&tyaof
mechanisms, including prevention of DNA mutagen&snaad induction of apoptosis. In addition to thwdlity to
decrease oxidative stress and subsequent DNA darsagee nutraceuticals can adsorb mutagens andbthere
inhibit their carcinogenic activity. Most of theaticarcinogenic studies showed that chitin andodaih and its
oligomers, inhibit heavy metal induced genotoxigtyd possess growth inhibitory and antimetastéféces against
a variety of cancer tumors. The protective effdattotosan against environmental mutagens coulduie useful in
the field of nutraceuticals. For example, dietaypmement of chitin or chitosan could potentiallgsarb
carcinogens and transport them out of the digestaat, thereby providing protection of varietyaaincers.

c. Antidiabetic activity of chitosan

Diabetes Mellitus is classifised into two typegé$ (Insulin dependent) and type 2 (Non-insulinesigient). Type
2 Diabetes Mellitus is divided into 2 categoriebese type with hyperinsulinemia and non-obese tyjih
hypoinsulinemia. It is established that obesitysesuperipheral insulin resistance which leads frehigsulinemia.
Obesity related type 2 Diabetes mellitus is alsaratterized by hypertriglyceridemia as well as hyysailinemia.
Improving the abnormality of lipid metabolism asIwas glucose metabolism may be useful in preventhe
development or progression of obesity —related t9pBiabetes Mellitus. Miuratal (1995) first showed that
chitosan given as a 5% food mixture produces ctargidlood glucose and lipid lowering effects irrmal mice
and neonatal streptozotocin induced diabetic midayashi etal (2002) examined the effect of long-term
administration of LMW chitosan, given as drinkingater, on hyperglycemia, hyperinsulinemia and
hypertriglyceridemia of diabetes mellitus in matngtically obese type NIDDM mice. Therefore, itiidikely that
antidiabetic action of LMW chitosan is due to D-ghgsamine, a monosaccharide contained in chitogais. |
believed that chitosan may be primarily absorbeeraf has been transformed into oligosaccharideigh fat diet
by inhibiting the intestinal absorption of dietday. [161,162]

d.. Antiulcer activity of chitosan

Ulcers are open, non-healing sores that can oeccar mumber of locations through out the body. Replters

generally occur as sore or holes in the liningtofirach or duodenum and are characterized by syngpsmch as
abdominal pain, nausea, bloating and loss of &péthese ulcers are a result of imbalances in pepsiaggressive
stomach acid and protective mucosal coating, wiiclveakened by the bactetielicobacter pylori. Chitin and

chitosan are widely used as wound dressings to @enapid healing of external cuts or burns. Seioglar agents
used for healing skin ulcers have also been regpdade effective at preventive gastric mucosalrinjand gastric
ulcers, chitin and chitosan were also expectecalibé some protective effects.

Low molecular weight chitosan may have been moiect¥e because of its ability to dissolve moreilgan acid.
It was proposed that solubilised chitosan may hexerted its protective effect by coating the ultedtaarea and
neutralizing H and pepsin in the gastric juices as a resultaif #mtioxidant capacity[163].

CONCLUSION

In this context, the present review discusses therngial of fungal biomass resulting from varioustéchnological
industries or grown on negative/low cost agricitiand industrial wastes and their by-productsramexpensive
source of chitosan. Biologically derived fungaltokan offers promising advantages over the chitadaained
from crustacean shells with respect to differentgodo-chemical attributes. The different aspectfuafjal chitosan
extraction methods and various parameters havingffant on the yield of chitosan are too discus3dis review
also deals with essential attributes of chitosanhigh value-added applications in different fieldsis review
conveys that fungal chitosan could be an altereasource for commercial crustacean chitosan amssss that
further research works should be continued anadhsified.
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