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Abstract 

Chitin and Chitosan are abundant and versatile biomaterials resembling with the properties of cellulose. The deacetylate chitin 

derivative, chitosan is more useful and functional material of high potential in various fields due to its solubility and reactive free 

amino group (-NH2). Based on current research, this review helps to understand the wide range characteristics and applications of 

chitin and chitosan in various industrial and biomedical areas. 
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Introduction [1, 2-7] 

Chitin is naturally abundant mucopolysaccharide which is 

secreted from crustaceans, insects, fungus, algae and related 

organisms. It is well known to consist of linear monomeric units 

of 2- acetamido-2-deoxy- D-glucopyranose attached through β-

(1-4) linkages. 

Its structure is similar to cellulose, but at C2 position, it has an 

acetamide group (NHCOCH3). Chitin is non-toxic, non-

allergenic, bio renewable, environmentally friendly, 

biocompatible and biodegradable bio polysaccharide which is 

beneficial as chelating agent, drug carrier, sensitive adhesive 

tape and wound healing agent. Chitosan is the N-deacetylated 

derivative of chitin. Chitosan is considered as most promising 

materials for future applications because of its excellent 

biodegradability, biocompatibility, non-toxicity, antimicrobial 

activity, and its economic advantages. It is biodegradable 

polymeric material because after being disposed it can be 

recycled many times before promptly being decomposed by 

microorganisms or sunlight providing carbon dioxide and 

water. Chitin and chitosan are of commercial interest due to 

their high percentage of nitrogen (7.97%) compare to 

synthetically substituted cellulose. The present review is an 

attempt to discuss its sources, physical, chemical and biological 

properties along with its current applications. 

 

What is it that makes it so special [1, 2, 6, 8]? 

It is bio polysaccharide, the second most abundant natural 

carbohydrate on the earth after cellulose and a random mix of 

deacetylate (D-glucosamine) and acetylated (N-acetyl- D-

glucosamine) units which is obtained from shells of 

crustaceans, such as crab and shrimp. Treating the shells with 

alkali gives water soluble natural polymer mostly at acidic pH 

along with excellent biocompatibility. This provide key to its 

many talent. 

 
 

Fig 1: Raw chitin of different grade 

 

Composition of chitosan 

 
Table 1: Elemental composition of chitosan 

 

S. No Elements % In Chitosan 

1. Carbon 44.11 

2. Nitrogen 7.97 

3. Hydrogen 6.84 

 

Structure 

 

 
 

Fig 2: Structure of cellulose 
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Fig 3: Structure of chitosan 
 

 
 

Fig 4: structure of chitin 
 

Chitin and Chitosan Processing [9, 10] 

Chitin is easily procured from crab or shrimp shells and fungal 

mycelia. The treatment of crustacean shells in the presence of 

alkali mainly involves the removal of proteins and the 

dissolution of high concentration of CaCO3 which are present 

in a shell. The use of 40% NaOH for 1-3 h at 1200C removes 

the shells protein, calcium carbonate and deacetylates the chitin 

simultaneously. This treatment is expected to produce 70% of 

deacetylated chitosan. 

 

 
↓ 

 
 

Fig 4 

 

Properties of Chitin and Chitosan 

a) Physical properties [1, 6, 9, 11-13] 

In its pure, unmodified form, chitin is colourless to off-white, 

translucent, pliable, resilient, and quite tough nitrogenous 

polysaccharides. In most arthropods, however, it is often 

modified, occurring largely as a component of composite 

materials, such as in sclerotic, a tanned proteinaceous matrix, 

which forms much of the exoskeleton of insects. Combined with 

calcium carbonate, as in the shells of crustaceans and molluscs, 

chitin produces a much stronger composite. This composite 

material is much harder and stiffer than pure chitin, and is 

tougher and less brittle than pure calcium carbonate. 

The structure of chitosan is very much like to that of cellulose 

and is the second most abundant natural polymer after cellulose. 

The solubility, biodegradability and reactivity of chitosan and 

adsorption of substrates depend on the extent of protonated 

amino groups in the chain of polymer. Chitosan is incapable of 

being dissolved in water, organic solvents and aqueous bases 

however get dissolved after stirring in acetic, nitric, 

hydrochloric, perchloric and phosphoric acids. The amino 

group of chitosan is not protonated in alkaline or neutral 

medium and therefore it is insoluble in water; while in acidic 

pH it gets the resultant soluble protonated polysaccharide. The 

molecular weight and degree of deacetylation affected the film 

properties. The increase in molecular weight of chitosan would 

increase the tensile strength and elongation as well as moisture 

absorption of the films, whereas the increase in degree of 

deacetylation of chitosan would either increase or decrease the 

tensile strength of the films depending on its molecular weight. 

Moreover, the higher the degree of deacetylation of chitosan the 

more brittle and the less moisture absorption the films became. 

All chitosan films were soluble in HCl-KCl and buffer (pH 1.2). 

They swelled in phosphate buffer (pH 7.4), and cross-linking 

between chitosan and phosphate anions might occur Finally, 

transmission infrared and 13C-NMR spectra supported that 

chitosan films prepared by using acetic acid as a dissolving were 

chitosonium acetate films. 

  

b) Chemical properties [9, 10, 14-18] 

 Molecular weight of Chitosan- 1526.464 g/mole 



 
International Journal of Pharmaceutical Science and Research 

8 
 

 Chitosan is natural linear polyamine with too much nitrogen 

content and reactive amino and hydroxyl groups. 

 It behaves as weak base and its deprotonated amino group 

acts as a powerful nucleophile (pKa 6.3). 

 It can form hydrogen bonds inter molecularly. 

 It is high viscous consisting of great reactive groups for 

cross linking and chemical activation. 

 It forms chelates with transitional metal ions like palladium, 

copper, silver and iodine which are useful as insecticides 

and in making photography health products. 

 Biocompatible and biodegradable to normal body 

constituents. 

 Chitin is insoluble in water and most organic solvents but 

soluble in hexafluoro-isopropanol, hexafluoroacetone, 

chloroalcohols in conjugation with aqueous solution of 

minerals acid. Its deacetylated form chitosan is soluble in 

DMSO and dilute acid like lactic acid, formic acid & acetic 

acid. 

 Chitosan forms salts with organic and inorganic acids. 

 It exhibits the property of ionic conductivity. 

 

c) Biological properties [19-33]. 

Its unique natural biological properties such as broad 

antimicrobial activity against both Gram +ve and Gram -ve 

bacteria, biodegradability, biocompatibility, metal 

complexation and non-toxicity has gained attention with 

potential applications in agriculture, food industry, 

pharmaceuticals and textile industries. In fact, several 

commercial applications of chitosan take advantage of 

antimicrobial and bio-stimulating properties. Chitosan has been 

reported to induce innate immune response in plants against a 

broad spectrum of microbial species including fungi, bacteria 

and viruses. These biological properties have been playing a 

vital role in the field of agriculture. It has also played a 

significant role in dentistry because of its regenerative effects 

on connective gum tissue. Its broad spectrum biological 

activities are as follow: -

 
Table 2 

 

Biological Activities Mechanism of Action 

Haemostatic: - +ve charge of 

chitosan allows to 

mucoadhesion with-vely charge 

of mucus. 

Sorption of plasma 

Erythrocyte coagulation 

Platelet adhesion, aggregation & activation occurs. 

Promotes smooth muscle formation 

Bactericidal: - 

Due to electrostatic interaction between +ve charge of chitosan and -ve charge of microbial 

cell membrane cause membrane wall permeability and hydrolysis of the peptidoglycans in 

the microorganism. 

Its degradation product, chitoligosaccharide has anti-microbial effect for various MO. 

Anti-inflammatory: - 

Immune response to biopolymer material leads to aggregation of monocytes at the 

inflammation site. This monocyte get matured into macrophages and result in secreting 

various anti-inflammatory cytokines like:- IL-10 which act as healing factor. 

Anti-tumour: - 
Low molecular weight chitosan exerts anticancer activity through induction of apoptosis 

and cell cycle arrest in cancer cells. 

Accelerates bone formation: 

It improves bone forming capacity by increasing mechanical stability and biocompatibility. 

The release of platelet-derived growth factor-BB (PDGF-BB) from these chitosan matrices 

exerted significant osteoinductive and osteoconductive effects. 

Immunological adjuvants: 
By forming electrostatic complexes with anionic blood factors, it promotes platelet 

activation and stimulates neutrophils to release potent mediators. 

Anticholesteremic 
Dietary chitosan behaves as polycationic cellulose that forms film with negatively charged 

surfaces. Hence, negatively charged fatty and bile acid absorption from GIT is reduced. 

 

Some derivatives of chitosan and its uses [10, 34-36] 
a) N-Succinyl-chitosan-As a protein delivery and anticancer 

activity in the colon. 

b) Trimethyl-chitosan ammonium- As a flocculating agent in a 

paper industry. 

c) Mono-carboxymethyl-chitosan- As a chelating agent and 

additionally anti-oxidant. 

d) Chitosan 6- O –sulphate- As an anticoagulant 

e) N-methylene phosphonic chitosan- As a complexing agents 

in cosmetics. 

 

Application of chitosan 

1. As a pharmaceutical excipients [9, 3-40] 

Uses of chitosan are amazingly diverse and has received 

considerable attention as a possible pharmaceutical excipient in 

recent time due to its good biocompatibility and low toxicity 

properties in both conventional dosage form as well as novel 

applications. Some of the general applications of chitosan in the 

pharmaceutical fields include: - 

 Diluents in direct compression of tablets 

 Binders in wet granulation 

 Slow release of drugs from tablet and granules 

 Films controlling drug release. 

 As a wetting agents and improvement of dissolution of 

poorly soluble drug substances 

 As a disintegrants and bioadhesive polymers 

 As an implant and microparticles. 

 Carrier in relation to vaccine delivery or gene therapy. 

 

2. Wound healing/Wound dressing [21, 22, 41] 

Chitosan has been found to have an acceleratory effect on 

wound healing/wound dressing process. It can be used as a 

coating on normal biomedical materials. Standard silk and 

catgut sutures coated with regenerated chitin or chitosan show 

wound healing activities. 

 

3. Water engineering [6, 42, 43, 44] 

Chitosan acts as heavy metal trapper. N-benzyl sulphonate 

derivatives of chitosan is used as sorbents for removal of metal 

ions in acidic medium and also be used to remove the colour 
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from dye house effluents as reported by Weltroskiets et al. 

1996. It acts as flocculent for recycling of food processing 

waste. It is also found to be effective in removing arsenic from 

contaminated water and petroleum products from waste water. 

 

4. As a food and nutrition [45-47] 

Because of its non-toxic and biocompatibility properties for 

warm blooded animals, chitosan is well known in food industry. 

It is used as a natural food preservative for sauces. 

Microcrystalline chitin (MCC) shows good emulsifying 

properties and gelling agent for stabilizing foods. It is also used 

as dietary fibre in baked foods. It could be of special importance 

for manufacturing protein fortified bread. It is also used in 

immobilization of enzymes. The N-acetyl glucosamine moiety 

present in animal milk promotes the growth of bifid bacteria, 

which impede the growth of other bacteria and generate the 

lactase required for digestion of milk lactose in human. This 

property may be of immense importance, since certain group of 

humans and many animals have lactose intolerance. It is also 

used to build up the weight of chicks for the commercial point 

of view. 

 

5. Agricultural Applications [48-51] 

Chitin and Chitosan have fungicidal activity against many 

phytopathogenic fungi. The antiviral and antibacterial 

properties of bio polysaccharides have been used successfully 

to control the parasitic nematodes in soil. Chitin treated seed 

(wheat) were found to have growth accelerating and growth 

enhancing effects. Covering of fruits and vegetables with a 

chitosan film grants them anti-septic protection and enhanced 

shelf life. Chitosan mixed soil also ensures improved 

germination and higher crop yielding. 

 

6. Photography [52] 

Chitosan has important uses in photography due to its resistance 

to abrasion, its optical characteristics and film forming ability. 

In colour photography, chitosan has been used as fixing agents 

for the acid dyes in gelatin and act as an aid to improve 

diffusion, an important step in developing photographs. 

 

7. Cosmetics [53-55] 

Chitin and Chitosan have fungicidal and fungistatic properties. 

Hence it is used as a preservative in many cosmetic 

formulations. These materials are used in creams, lotions and 

permanent waving lotions and several derivatives have also 

been reported as nail lacquers. It is also used in many healthcare 

products like shampoos, hair colorants, styling lotions, hair 

sprays, hair tonics. It can be also used as a salt in toothpaste, 

mouthwashes and chewing gum to prevent the formation of 

plaque and tooth decay. 

 

8. Ophthalmology [56, 57, 58] 

The diverse characteristics of chitosan fulfil all the parameters 

required for making an ideal lens: optical clarity, mechanical 

stability, gas permeability, wettability and immunological 

compatibility. Contact lenses are made from partially 

depolymerized and purified squid pen chitosan by spin casting 

technology, and these contact lenses are clear, tough, and 

possess other required physical properties such as modulus, 

tensile strength, tear strength, elongation, water content and 

oxygen permeability. The excellent film forming capability 

make chitosan suitable for development of ocular bandage lens. 

9. Paper finishing [9, 59, 62] 

Chitosan has been reported to impart wet strength and physical 

intensity to paper. Hydroxy-methyl chitin and other water-

soluble derivatives are useful end additives in paper making. 

This polymer, although potentially available in large quantities, 

never became a commercially significant product. The 

entrepreneur in paper making can utilize this polymer for better 

finish paper properties. It is used as sizing agent and intensifier. 

Moreover, it is utilized as paper whiteness. 

 

10. Drug- delivery system [63, 64, 65]. 

The drug delivery systems offer many advantages in therapy, 

which include: (a) reduce toxicity, (b) increase therapeutic 

index of drug and (c) prevent frequent, expensive and 

unpleasant dosing. Chitosan acts as inactive ingredient added to 

tablet or capsule to control the release of drug. Chitosan based 

porous scaffolds and its composite nanoparticles are of 

controlled microstructure have emerged as 3D matrix in a 

prolonged topical delivery of drugs. 

 

11. Tissue engineering [66, 67, 68]. 

Tissue engineering is the development and manipulation of 

laboratory grown cells, tissue or organs that would replace or 

support the function of defective or injured parts of the body. 

This technique commonly need to employ three dimensional 

supports for initial cell attachment and subsequent tissue 

formation. Chitosan has similar structural characteristics as 

glycosaminoglycan’s (GAGs) found in the extracellular matrix 

of several human tissues. Therefore, it has been used a lot in 

tissue engineering, because it makes cell attachment and the 

maintenance of differentiating functions easier. The special 

attention on chitosan has been paid for the repair of articular 

cartilage.  

 

12. Textile industry [69, 70]. 

Derivatives of chitin are used to impart antistatic and soil 

repellent characteristics to the textiles. In textile industry, chitin 

can be used in printing and finishing preparations, while the 

chitosan can remove dyes from dye processing effluents. 

Besides these, chitin and chitosan both have made remarkable 

contribution to medical related textile sutures, threads, and 

fibres. The antibacterial and antimicrobial performance is given 

with the inhibition of bacteria’s growth so having an anti- smell 

function too. 

 

Conclusion 

In the light of above fact is concerned, Chitin and Chitosan have 

diverse range of applications. They are subjected to solve 

various problems in biomedical engineering. This material can 

be used as a carrier of a variety of drugs for controlled release 

and prolonged action on the site of administration. Furthermore, 

chitin and chitosan exhibits various natural biological activities 

and pharmaceutical applications. Its formulation with drugs 

may have dual therapeutic effects. Thanks to nature for 

providing this world such a versatile polymer. 

 

References 

1. Muzzarelli RAA (Ed.), Natural Chelating Polymers, 

Pergamon Press, New York, 1993, 83. 

2. Zikakis JP (Ed.), Chitin, Chitosan and Related Enzymes, 

Academic Press, Orlando, 1984, XVII. 



 
International Journal of Pharmaceutical Science and Research 

10 
 

3. Mass WA, Mass A, Tighe B. A review of biodegradable 

polymers: uses, current developments in the synthesis and 

characterization of biodegradable polyesters. Blends of 

biodegradable polymers and recent advances in 

biodegradation 7. Conclusion studies, Polym. Int. 1998, 47-

89. 

4. Illum L. Chitosan and its use as pharmaceutical excipient, 

Pharm, Res. 1998; 15:1326. 

5. Li Q, Dunn ET, Granmaison EW, Goosen MFA. 

Applications and properties of chitosan, edited by MFA 

Goosen, Technomic Publishing Company, Lancaster. 

1997, 3-29. 

6. Majeti NV, Ravi Kumar. A review of chitin and chitosan 

applications, Reactive and Functional Polymers. 2000, 

46:1-27. 

7. Acosta N, Jimenez C, Borau V, Heras A. Extraction and 

characterization of chitin from crustaceans. Biomass and 

Bioenergy. 1995; 5:145-153. 

https://www.edibleinsects.com/what-is-chitin 

8. Dutta PK, Dutta J, Tripathi V. J Sci. Ind. Res. 2004; 

63(1):20-31. 

9.  Zargar V, Asghari M, Dashti A. A review on chitin and 

chitosan polymers: Structure, Chemistry, Soubility, 

Derivatives and Applications., Chem. Bio. Eng. Rev. 2015; 

2:1-24. 

10. Madhavan P (Ed), Chitin Chitosan and their Novel 

Appications, Science Lecture Series, CIFT, Kochi, 1992, 1. 

11. Nunthanid J, Puttipipatkhachorn S, Yamamoto K, Peck 

GE. Physical properties and molecular behavior of chitosan 

films., Drug Dev Ind Pharm., 2001; (2):143-147. [PubMed] 

12. Luminita Balau, Gabriela Lisa MI, Popa V. Tura, Melnig 

V. Physico-chemical properties of Chitosan films, Central 

European Journal of Chemistry. 2004; 2(4):638-647. 

13. Thakur VK, Thakur MK. ACS Sustainable Chem. Eng, 

2014. DOI: 10, 1021 /sc500634p. 

14. Mo R, Xiao Y, Sun M, Zhang C, Ping Q, Int. J Pharm. 

2011; 409(1-2):38-45. 

DOI: 10,1016/j.ijpharm.2011.02.021. 

15. Cao L, Hou J, Xing W, Liu C. Biomaterials. 2014; 

35(2):684-698. DOI: 10.1016/j.biomaterials.2013.10.005 

16. Pokhrel S, Yadav PN, Adhikari R. Applications of Chitin 

and Chitosan in industry and Medical Science: Nepal 

Journal of Science and Technology. 2015; 16(1):99-104. 

https://pubchem.ncbi.nlm.nih.gov/compound/Chitosan 

17. Venter JP, Kotze AF, Auzely-Velty R, Rinauda M. 

Synthesis and evaluation of mucoadhesivity of CD-chitosa 

derivative. International Journal of Pharmaceutical. 2006; 

313:36-42. 

18. Younes RP, Rinaundo M. Chitin and Chitosan preparation 

from marine sources structure, properties and applications. 

Marine Drugs. 2015; 13:1133-1174. DOI: 

103390/md13031133. 

19. Refer Website: www.bae.ncsu.edu 

20. Refer Website: www.vanson.com 

21. Tharanathan RN et al Chitin--the undisputed biomolecule 

of great potential. Crit Rev Food Sci Nutr. 2003; 43(1):61-

87.  

22. Wenshui Xiaa B, Ping Liuc, Jiali Zhanga B, Jie Chen., 

Biological activities of chitosan and chitooligosaccharides, 

Food Hydrocolloids. 2011; 25(2):170-179. 

23. Ni Mhurchu C, et al. Chitosan for overweight or obesity. 

The Cochrane Database of Systematic Reviews. 2005, 3. 

24. Maria Wiśniewska-Wrona, Antoni Niekraszewicz, Danuta 

Ciechańska, Henryk Pospieszny1, Leszek B. Orlikowski., 

Biologica L Properties of Chitosan Degradation Products., 

Polish Chitin Society, Monograph, XII, 2007. 

25.  Harish Prashanth KV, et al. Depolymerized products of 

chitosan as potent inhibitors of tumor-induced 

angiogenesis. Biochim Biophys Acta. 2005; 1722(1):22-9. 

Epub 2004 Dec 15. 

26. Bruno Sarmento, Francisco M. Goycoolea, Alejandro 

Sosnik, Jose das Neves. Chitosan and Chitosan Derivatives 

for Biological Applications: Chemistry and 

Functionalization. 2011, 1, Article ID 802693. 

27. Refer Website: http://www.zhion.com/herb/Chitosan.html 

28. Randy Chi Fai Cheung, Tzi Bun Ng, Jack Ho Wong, Wai 

Yee Chan., An Update on Potential Biomedical and 

Pharmaceutical Applications, 2015. 

DOI: 10.3390/md13085156.[PubMed] 

29. Elieh-Ali-Komi D, Hamblin MR. Chitin and Chitosan: 

Production and Application of Versatile Biomedical 

Nanomaterials, Int J Adv Res (Indore). 2016; 4(3):411-427. 

Epub 2016. [PubMed] 

30. Bae Keun Parkand Moon-Moo Kim2, Applications of 

Chitin and Its Derivatives in Biological Medicine, Int J 

Mol. Sci. 2010; 11(12):5152-5164. DOI: 

10.3390/ijms11125152. [PubMed]. 

31. David A. Zaharoff, Connie J. Rogers, Kenneth W. Hance, 

Jeffrey Schlom, John W. Greiner. Chitosan solution 

enhances the Immunoadjuvant properties of GM-CISF, 

Vaccine. Author manuscript; available in PMC. 2008. DOI: 

10.1016/j.vaccine.2007.10.037.[PubMed] 

32. ReferWebsite:www.researchgate.net/publication/2831829

59_N_succinyl_chitosan_preparation_characterization_pr

operties_and_biomedical_applications_A_state_of_the_ar

t_review 

33. Xiao B, Wan Y, Wang X, Zha Q, Liu H, Qiu Z, et al. 

Colloids Surf., B. 2012; 91:168-174. DOI: 10.1016/j. 

colsurfb. 2011. 10.053 

34. Terbojevich M, Carraro C, Cosani A, Focher B, Naggi AM, 

Torri G. Makromol. Chem. 1989; 190(11):2847-2855. 

DOI: 10.1002/macp. 1989. 0221901116. 

35. https://www.ncbi.nlm.nih.gov/pubmed/9755881. 

36. Dodane V, Vilivalam VD. Pharmaceutical applications of 

chitosan, Pharmaceutical Science and Technology Today. 

1998; 1(6). 

37. Badwan AA, Rashid, Omari MM, Darras FH. Chitin and 

chitosan as direct compression excipients in 

pharmaceutical applications. Mar Drugs. 2015; 

13(3):1519-47. DOI: 10.3390/md13031519. 

38. http://drug-dev.com/Main/Back-Issues/Chitosan-A-

Unique-Pharmaceutical-Excipient-205.aspx 

39. Jayakumar R, Prabharan M, Sudheesh Kumar PT, Nair SV, 

Tamur H, Biotechnol Adv. 2011.01.005 

40. Bhavani KD, Dutta PK. Physico-chemical adsorption 

properties on chitosan for dyehouse effluent, Am Dyestuff 

Rep, 1999; 88:53. 

41. Jeon C, Holl WH. Chemical modification of chitosan and 

equilibrium study for mercury ion removal, Water Res. 

2003; 37:4770. 

42. Refer Website: www.dawn.com 

43. Spreen KA, Zikakis JP, Austin PR, in: Zikakis JP (Ed.), 

Chitin, Chitosan and Related Enzymes, Academic Press, 

Orlando. 1984, 57. 



 
International Journal of Pharmaceutical Science and Research 

11 
 

44. Zikakis JP, Saylor WW, Austin PR (Eds). Chitin and 

Chitosan, the japanese society of chitin and chitosan, 

tottori. 1982, 233. 

45. Fereidoon Shahidi, Janak Kamil Vidana Arachchi, You-Jin 

Jeon. Food applications of chitin and chitosans, Trends in 

Food Science & Technology. 1999; 10:37-51. 

46. Yamaguchi T, Ito Y, Shibuya N, Trends Glycosci, 

Glycotechnol. 2000; 12(64):113-120. DOI: 

10.4052/tigg.12.113. 

47. Gooday GW. In Advances in Microbial Ecology, Springer, 

Berlin 1990. DOI: 10.1007/978-1-4684-7612-5_10 

48. Galed F, Fernandez-Valle M, Martinez A, Heras A, Magn. 

Reson. Imaging. 2004; 22(1):127-137. DOI:10.1016/j.mrj. 

2003.05.006. 

49. Hadwiger LA, CA Patent 1263038 A1, 1989. 

50. Muzzarelli RAA. Human enzymatic activities related to 

therapeutical administration of chitin derivatives, Cell Mol. 

Biol. Life Sci. 1997; 53:131. 

51. Mark HF, Bikales NM, Overberger CG, Menges G (Eds), 

Encyclopedia of Polymer science and engineering. Wiley, 

New YORK. 1985; 1:20. 

52. ReferWebsites:www.geocites.com,www.Meronbiopolyme

r.com 

53. Refer Website: http://old.teknoscienze.com//articles/hpc-

today-use-of-chitosan-and-its-derivatives-in-cosmetics. 

54. Jing H, Su W, Caracci S. Bunning TG, Cooper T, Adams 

W. Optical waveguiding and morphology of chitosan thin 

films, J Appl Polym Sci. 1996; 61:1163. 

55. Markey ML, Bowman ML, Bergamini MVW (Eds). Chitin 

and Chitosan, Elsevier Applied Science, London. 1989, 

713. 

56. ReferWebsite:-.omicsonline.com/.../chitosan-a-promising-

biopolymer-in-drug 

57. Allan G, Crospy GD, Lee JH, Miller ML, Reif WM. In: 

Proceedings of a Symposium on Man-made Polymers in 

Paper Making, Helsinki, Finland, 1972. 

58. ReferWebsitehttp://www.supplychitosan.com/3-6-5-

papermaking-chitosan.html 

59. Habibie S, Hamzah M, Anggaravidya M, Kalembang E. 

The effect of chitosan on physical and mechanical 

properties of paper, Journal of Chemical Engineering and 

Materials Science. 2016; 7(1):1-10. DOI 

10.5897/JCEMS2015.0235. 

60. ReferWebsite,http://www.bestchitosan.com/html_info/For

-Papermaking-11.html. 

61. Hejazi R, Amiji M. Chitosan based delivery system: 

physiochemical properties and pharmaceutical 

appilcations, Polymeric biomaterials, edited by S Dumitriu. 

Second ed. Marcel Dekker, New York, 2003. 

62. Andrady AL, Xu P. Elastic behaviour of chitosan films, J 

Appl Polym Sci Part B: Polym Phys. 1997; 35:517. 

63. Surini S, Akiyama H, Morishita M, Nagai T, Takayama K. 

Release phenomena of insulin from an implantable device 

composed of a polyion complex of chitosan and sodium 

hyaluronate. J Control Release. 2003; 90:291. 

64. Shahabuddin L, Berthod F, Amour OD, Collombel C. Skin 

Pharnacol, Physiol. 1990; 3(2):107-114. DOI: 

10,1159/000210857 

65. Lee YM, Park YJ, Lee SJ, Ku Y, Han SB, Klokkkevold PR, 

et al. J Periodontol. 2000; 71(3):418-424. 

DOI:10.1902/JOP.2000.71.3.418. 

66. Levengood SL, Zhang M Mater. Chitosan-based scaffolds 

for bone tissue engineering, J Mater Chem B Mater Biol 

Med. 2014; 2(21):3161-3184. [PubMed] 

67. Le Y, Anand SC, Horrocks AR. Recent developments in 

fibres and materials for wound management, Indian J. Fibre 

Texts Res. 1997; 22:337. 

http://www.fibre2fashion.com/industry-

article/6386/application-of-chitosan-fibre  


