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Abstract
Background and Objective: Chitin is found in the external skeleton of insects, the shell of crustaceans
and the fungal cell wall. Chitin with the formula B-1, 4 N- acetyl glucosamine, it was first identified in
1884. Countries such as India, Japan, Poland and Australia are among the main producers of this
biopolymer.
Material and Methodology: In this research, the structure and importance of chitin and one of its
valuable derivatives, chitosan, have been studied. Chitin is a hard substance with a crystalline structure
and white color. The main source of industrial chitin production in the world is shell waste from shrimp
and crab processing industries. Chitosan is a derivative of chitin obtained by deacetylation of chitin. In
fact, chitosan is a composite polymer of glucose amine and N-acetylglucose amine, which are connected
by 1 and 4 glycosidic bonds. Due to the presence of amino groups in the structure of chitosan, this
substance has better solubility in acidic environments.

Findings: Due to the unique properties of chitin and chitosan, its use in various industries such as water
engineering, paper industry, textile industry, food processing, agriculture, laboratory (chromatography),
solid state batteries, chitosan gel for LED, it has been reported in medical and biological fields including
tissue engineering, wound healing/wound dressing, ophthalmology.

Discussion and Conclusion: In general, chitin and chitosan are used in all mentioned fields. The use of

these healthy and environmentally friendly compounds, especially in the field of medicine and other
industries, is very economical and profitable.

Key words: chitin, production, industry, biotechnology, medicine.

1- PhD candidate of Agricultural Biotechnology, Department of Cell & Molecular Biology, Faculty of Life
Sciences & Biotechnology, Shahid Beheshti University, Tehran, Iran.
2- Associate Professor in Cell & Molecular Biology, Department of Cell & Molecular Biology, Faculty of Life

Sciences & Biotechnology, Shahid Beheshti University, Tehran, Iran. *(Corresponding Author)


mailto:n_farrokhi@sbu.ac.ir

1Yo

il gsbuo 30 ol 9 S (WS 39,5 3 (5590

Ol395S 9 (S Sl -

45 M (SudaaS 5 ol slaje s (ligtS 5 oS
Stk Sl gy S (e 5l Sleogas a2l
(F) axdly oo (shmy Sy

30 &S wkee b ol wle ey g0 ol
e 9IS sagize B0 e 5l i oS o alierd plozs L
9 oS 5l o) el Yl s 09iST )]0 092
5 Sleogas (gl Jlilo cle o il Slinie 5 ol355
3o byeads bl oty ol @ Lyl Sglaie slao Slos
(e glio (655l (ol wsslugyle alise mlio
(SEn sl Cey ol GRYL alS Sy
o ooy «ilgem 43 (S S5 iV« gjludlls
3 @lBee me Yoo 5l i Ja B asjls 0,5 ol g
e da S daSid (2,0 Glals 5 (8 e €l
B (o p )90 Slge cnl gl Al (sl 0 pf g b oo a8
5 S 550 Gilug S Crio Sluls ol sl wilacs $
03,5 5,155 VAVY L0100l &)l e sl ks S >
Slaglds 531550 51 S o5 cypelae 1Beee e e VL oS
5 oS sl dajigl dadas (S lwg e
g 9t ol 1 LS GlgiS g S 99 00 w5 lag 6
el 0 3912 Jlo 50 (5 VB v+ S Slez 5L olie
pos wilige Jlo po (3 Yo e ol (b o (e oS
5 oo B ol Cudgase Jdo 4 i oy S
o ol Jl o ailboe plgy S s (09 (lad
o i) Al 50 ol o 5 adgi s Lis 45 &S 15 FO
(55501 53 g c0aiiS B pas 0 358 )30 e l5 50 sl Alle Sl
Seenl 4y 5155 0Bb o Y0 Ligekes (T 0aiiS s (555
S0 wlbie 4 (pliwd (xb odly 99 Gl Olol8 slao )
o 12,985 31 (6 lomnr Jlaite sl (5591 Jee 50 (ngh Sleds, 9

(O ) wsb

2- US Department of Commerce

doddo

5 oy Slo sl i olsl® Glsie @ Gl 5 S
Soomw Vb ) (6,5 5w a5l Sleogas by el
Jod B (05,50ead pls3 5 e ,PS Cem omb
9 O B ad corge 0 4 pasie Slogad (nl aites
bl 5o Slils Sk sl e &1y ook 4z e
Sk a0 )5 Slge angd cuz Vb Jeusly Jdo 4 sl
QS Bglare 095

RUTS IR

St (gl 2 Bl b (S0l 8 ok 5l oS
2-acetamido-2- (N-acetylglucosamine)  slaasls
B =) sloigs L ons Juais deoxy-B-D-glucose
Sl Lol el Jokos atilen (g lisbo L 5l S asb oo
- s Co slacusise yo (NHCOCHS3) asbil (slaes 5
2-amino-2-deoxy- laaxly jl Jas po s o398 .0ab
40 (VF) sleaigs L a5 cwl B-D-glucopyranose
Osedels N b 5l 5 Gl & a5 wlowss Jate o0
St ol Ggemdlils 4250 4 (g elgilaisd o oy
Orel3S5I5 5 el ol Lol Nl ey oS cnl i g 0l
(V) cel

Sllasl LB ,é 5 o i’ logis s ) Slaly et
000 8 e o (59,0 sla il g > Sl o aS ol
Sogll ol e ganb loyedy cl Slalo 05 0
Sl 5l glgS g el (Jole lalaze jo (o
Sl 1 cate Sluls glge 4 Glivg cow )5
loasgig )5 (bl b yea ST Llogass ol (Jos olatdl
Ol Sl 5l s BB polie g5l ()5 Sl ol
ol Ghygn glakzme 4 (Gogil plpe 4 &5 asies
3565 50 518 ooliil 050 (I (ple iy sl Logase)
YD)

1- Nitrogenous



RIS

VoY 5l FF 6 lonis e § bazo g ybuas] Wr

adglosle plyie @ (e 5 S lp )b lao )5
ooy 4Ly BUII ol 00 i3 S BU s (61,
Olomsdly dlge 5 iz BB gay (s 4 lj5S 5 oS |
A o35 Glewily jo oolaiwl 5 50 Slgeally g0 Spie o>
o 503 VB g 3 o 25y o 4t L 12,5 G
Sloyd (Kb 505> a3 )5 12 4 09h se 025 S
sbalsaaar ;3 slogdll sos )5 Sl iS5 oS
Ly K Slil oy Bis 3 4 akies OIS
Oz el 00 az gl (30,5 WS 35k 5l e
00) 8,5 o)l Blge 35 Slig alio o bl Blas 4
N

OligiaS Sxiwo o o ,l5.Y-)

maeld addgs 50 059 lrerd 5 (Kb Sleogas o &
(SigS slaphd o)l 0 )5 alide Y gazme 5l (g s
2l puiige sly SligS Slidgil g DlydgSee oyl
) 05,0 0,5 DNA Jisl 5 50,5 azeaSly oyl Ui
Jo 4 olie plio 5 (S pgle yo pligS ol Jl> 50
S8des 5 (W) 9098 w2 (VT AT oL SL ws ol
2o elst ojgyel sl azgi 3j50 (VF) Sy ndSsnn
S gusl slos S ansls ade (g (o2 Bad 5 5L
YY) Gl 00 3,155 )5 5 S

O owaigeo .¥-1-)

2L 5 Ol ka1 a5 col (b ek oligS
5 olinil o 50, 4 yamie glaLlly gl 5 o) 0,5
Jslxe e sS 5 09y 2z (gassls 5 Blae SIS (g5luard
Blg o Q595 abbigs oads AN (S IS (riizman
sk 5 paried] slaSles lp e (3Kl plyie &
Bz 050 OOl g LT hal o St slacady xSl
e glls OB 5 T a5 o35S 5l oolitul 5,5
5 poeosll oailedl (il sge SISl elS Jod

Slelaz «( Soiglem 438 BB 2 g o eoran sla ey

3- Anticholesteremic

Ol3g5as (S ) 9 (o bl Cluoguas N-Y

Holo e Capds )0 09250 (sl laoy Sl Ly el
ok a4 LSS 5 55T BT ol ST oSy (o S
@dle Ol 5 (S &S Jb jo s gopl (b
(M) ML:GA 6ok a4 LgLas..\i)lSL.,bJ.i )'l

oS Sl puedl B (Y = F) slassign aSiul og2 sl
b oclogas Sl 5l el Ll sjls vg2g 5 jlole 5o
5 CRgee Dod A S el Sglite oljgST S
Jro I sl o Jslme il 5 DT e Jeloels
Oz o L SUlg IS 5 (ygily ol « il g 09 52l5 518150
dlial e (63 5 (game laosnl T sladsle o
el Jglome (LICH IS pid 0,0 0 o> (DMAC)
N st y50 Jete =N o (558 IMoxil ol Ko 5 bgs 125
b oS dgyoun 50 iS55 H2ONMMO) oSt
oAl s u_ml)fyf -D “S;fﬂ sloaid lade slavul
sieel (sloog ;S L b (el LS (Y ) 05 e s
tlrord Sloogas aloxr | Cul 3y STy JnS 000 5
g 00,S NS bl B (36 slagg aSl lisns
Sl b grnd (6 poudy Sl 35S st Sliogas dlox
28l g5, (SoShl DAL o i 5 (a0
ool H1AS bl ToaiS ke ez ssn sl
00t ks L g eSSl 51 (65T slr 90590 cslailes
ol 535 0 s s i3l lsEel (S S
Y V) sl o ol sl

Ol3gS 9 piaS sloo 2, 5.Y

9 6,8 Sleogar owyp loy 4 (S anlllas assu )l
25y sl oy Slaske 30 05250 w3l e 595 (olend
hile oSl (Jobo ojlgns locnins olge (Sl by pgis5d
(A A) LS o 5Dk

sle g ele (omyp g oolatul ;o sdes saiiSagae Jule

aoysgaze oyl 9929 b aiil o Q] TR ) EX L

1- connective gum tissue
2- Hemostatic



Yy

il gsbuo 30 ol 9 S (WS 39,5 3 (5590

0S5, b el [0l 3555 a5l o bl o s 1 ozl
55 2 Ol 9 S «nl 2 ogdle S Bd> LG S,
Dlails 0 )5 b b g lown; ( Sy slaz )b & odg o
(YY)

188 o310y ¥-1-F

3l oslaiwl ins s 0,555 Slilg> sy ol aSl] )
s s lvg S cul o Bl H95 4 0é Cis o o
Ny FoiiS ke sl (A oyl Sloogad (S
alaz 51 ool ol ag5 51 132 (gl gl SauS o
O SaeST T 5 sy San 2 5T L3555 e Sy
35S olsn ol 3,50 50 (glalimde L Sliios 45 o
55 5 ool el o alosil lié sl 55 5T 5,15
Slgo 51 > 50 V390 Jlu 10 0,5 50 9 VAAY Jlo jo cpls 5o
Plsr 9550 50 ol Oladod g cal oals el e 13
ol plxl (5555 5 oS oyl Dja8 g (295 w2
() el

aiile caimoplsd g 0uiiS Conds slge 3l gale (S s adgi o
55 5 Aol SUSLS Slabe L eS8 Sl
Sl b 09l oo oolitial (GadslS'y e 9 (oo Slge ol g 155
S WIS e 50 Ggeedgal LSl 4 g plgs
3555 4l VYAD (olmn 5 55 boass 45 s2mg5,
Sl lr s (Rl lyie a4 5K dtugy 5l (2 A
55 28,5 )18 sy 090 (6,18 mhaws j3 (Bopled g (40,8
D gy Pale e S39de, olsE g 8L eole
A5 gy 3o 50 Pl eSS 5 )5 Sl
Ol Geo )5 5 (l35S 9 )50 50 eud plonil Sliis 5l (>
5 Jslmn Voo e) gsS 5 Js) Jebs (2e mleo o
XFXO) wilce (Ve 1) S 5 Silos o (To - ) Ko
VY

S39lis Y-1-0

I SRl g 0y gy s (pS) (S L s e

o Ol S 4y oS slge (0938l 0gd g0 (g0l

Jslme slags 2ol (S I3k g Jolone 5308 Slapy
VYY) 0l o g DSl 5 O 50 35250

i N pliens Sl (0098) (l)Sen 5 (Sl
Lz ;0 5B slapg B3> slp (23 Ol 4], SUgdlgn
Ba> (VA29) bgo 5 glgals . wis )5 oolaiwl ol oS
Oedey slere 4 lienS leslaill L) (Sl oML I XS,
5 oS Mg ) Glazg BB polie s )S A1F enisd
B o oolaiwl OMSB aai jo laslaiie ¢ Lis 39S
Sigail Dlasls (ool Hlaie @) Lawe o35S slasSse
0,633 138 Slals (53l Slges; @ 3ls IS5 (610 1 sl
oy b A b 4 Wlgee (S Gm S o
b oS cals, ol 5l K Gl Bas e Sew
s rigish ol slacdlols los Sogll sly (S
s zo oobitiasl gl (bl (6455 y0) 0302 o (3l
Sl Sl Bl sl nSTolsnS bsle 08
Al Gblgy 5H (Vo) el oas 5158 55 objﬂ G;Afaufl
Jro glagaselal Yl 5 ened caio 3 iS (2l
(Y TF 1) 9o o0l 5 oy T 5 IS (slo Sonsss
MK s Y)Y

b 4 wlg e epdy wim Sl L e g oS
Vgame plo 5 oo i oy 5 oS S5 &S
15 eed clagle 3o il 1) Cany) Lo lazasgs
oaijlo ol 4 Vb el Jds o geS 51 328 slaails S
s gadels 3] o oud oolil (LS Jsko o gy
Feglie Cugh) & S 5 W)l 5 8le ol (lieS L
Sdgs 5o Ty Gl i OligeS M1 ple G o ailen
e (oSgp0m 3)00 Igie 5 gty S 5 g Jlatws
A i A2 il o ] sl Sliiis ples 5 S
A Slp pdy 430 (AL At Slge Blgie 4wl e 4
(V) Kgds oolaiwl DY game plu g 138 guis

(az,b) 2l cxio Y-)-Y

ez, SB g a2 G55 @0 ,0 S Sliiie

Coo o ol algie )0 oolaiwl o blB oS . aigd oo oolaiul



ST NI

IF+Y 50l FF o lod o ) auzxo g yLudl WA

“lben St ppas & da Sl Seglie 08
(YV)assly

OSee ;)5 slbogen (eoras 4lS Glaptn AL
1855 0055 1, yope gsalS i by ylens g il 4L
U155 5 ol 155 Ul o & 558 slolaé oo
&) wiloads slpiiy eotac als sbolid lgie 4 YL Lais
(YA LYY

oS ool T Sloly3 doi Lt (egian alS Cuand (g
oo Sl Sl gl ol ale 55l ek 5l (95
2 sl @iyl wul ol Sl s3lshe Lig 4yl
slolis conl o3 45 o) wlie L5 JsSse 30 (g3lulaz
(YA XV ) 06,8 S bl e J S sl oo
Sleogas ol Sliiie 5 (oS 5l ol slalis 5l g pm S
ol sl eolainl gam OMSLiw I (SO slesls anwgs 1) 5l
o el (S b i) 900 5 (el Wl seghan slalid
wsd sl el Jlo (sl Sl Sebingon G0 Sl alads
(YN 9l o0

Cdly it YY1

adly wd; sladshe ) Sws g arwg (8L wonge
 wload 35l b a5 ol Lo pl81 L bl o aliylo;]
WS oo Colox 1) s oy o] glaciand 08l o Slas
SHPPSS dnmgs Jold S8l pwsipe S iy alex
kil 5 bl (03,5 5l ) Jate slp Rl wg
RVANEPRPRGY]

glyl 3 sesrae ozl (ibo gl SOl (cwiipe $599SS
St 5 ek lopecd 5l Sate (b Slge sline
5 SdsSelS Ly S Ly olge ol ot o gla oo oolicul
5 s it Ul JJo 4 SIS SS SN L erlysS
i b (wign sl (ol Slge (S <) (Sl
2 &3)lse ez 50 Wl e b o Slide | (S g GlisnS

V) 8,55 51,8 oolaiwl 5y50 (S Cons)

0 olS a4 lawiled 5 ()08 Slaciel poe o e 2alS
AV V) ogs

S Fbg S (g ilula Y-1-F

Gk 3l el e lsee 28 GlieS g S
OH cloos,5 NHz ofjT sloos 5 5 i ls 31, Sgileg s
oy ol 4ty ol lises 5o 4l OH (slaoy 5 5 4yl
5 51 ooliiasl ol 00,5 b yme 3 Failog,S 1o mslin
3 Lol Sals s S8 gl SHU Y Sl s o
5 oS (V23A) e g 6, (YF LY 1) ol oad 3,15
5 J 5 gl sal> 5B LA sesle Glgie a1, plignS
Y o Shoe b gale (31, 53log,S HPLC sloslical s Jg:dg 15
(V) wis )5 oolal

aole LI s s 5L Y-)-V

rook slas b (iSle 1o O jo plienS s Jo e 4
2 OlsS rlply 05,00 ) 4 salr e 5595 Ula,
@ bl 09l oo Jo S ble; adg 6l el S
ol JUl el apul Sl Joloe 50 959 S92y o
roeky )3 39290 1 g9 S Ba5bo 51 45 00D (o) by g9 0
OASAD XY

LED (gl oolygS J5 -Y-1-A

6P SlS 5 plye 4 GhenS slads ol s, 2
oslizul (LEDS) 5 ouccS sl slaoliws pla g Loyl 5o
(V) wiloas

O39S iy Sy S0 )5 ¥-Y

5 loyd Bigel Sl o pal> b o &5 Dilas 5 (S
=5 slom slas 5L Conglie il o axlge )T L gl Lo
50 g dbul s a5l SS90 ‘5';3] 4 Sl
c;°9ﬂ 4S5 ek g oo byl Lo 0 0 (6 Lo
9 Olemdly ¢ K gu (i3 plaaly GBI (Jos GUT (029,500
Slolon slacisis jluane) Jolse (n oo 5l eoliy)5
0550l ! Bl lacigas 458 (pl blasws (pl j0 g 00y

35 o ax 09, wS olge L JLis 4y (ki

1- Biomedical



Y4

il gsbuo 30 ol 9 S (WS 39,5 3 (5590

G35 3 (950 5| Dloogas e (ST 4 o
STy whd xS ISs Coll olee @ g o35
(X)) Al g piir (qwie slops; i sl o conlie
SMolé g uT dduas Y-Y

ool oolittwl Calizee glo by, pKiw Sl L O 6?99J1
4 el o390l 14 ot Sl o b oS S ob 4y a8
6 e g s YU Sl L ol sleds, Jlss
w8 BB Gs8 poedy S plgrs 4 oS el S Al
yazie 2Ulg5 LIS (i8S () pocdy el 2ikae (s
CA> (saSelS g Blre LIS (g5l aisd g olasil o (50,8 @
3 eolil ol (oo i Sl g Jolma S 9 29,
G2l ed 5l alle slls OB g Ol aphai o fienS
(fyias slayocl 5 pseiesll oailodl (ilagy s S
9 Jsle 38 oy oz (s 41525 JB o2 oy

YV YY) el g s s

& S Az
o il gl ey ST 1o (9505 9 S 00,8 IS ysb &
Sas )y 5 4830 4y g0 sl (S 3y (50597 Logas sl
@ azgi b oloS 5 ol leslaiwl 50 mlio diw) jo .l
S duzie 5 S 4 O L QMT 3,1y 5l asle 4!
Csls aalyzs JLis 4 1) (sans slodn 3o 4 085
YL 559105 Caio ol yo 15 g el diei ) s

bls dalg>

References
1. Dutta, PK., Dutta, J., Tripathi V., 2004.
Chitin and chitosan:  chemistry,
properties and applications. Journal of

(o2 30) 025 (Lol p5 5 (509042 ¥V -
@ Jo Gaen 1398 o0 Lo S9 @ e o (i8S
M’J"Q}"’" LSAOQLM |‘5§\M)JJ)~)G’.~.|¢‘5M\.M: 9"0‘5“:
SR s b oad oo Sigy 4t sloedy, g o lsl
OligtS boad endgy (> 5 il 035 595 2 505t
sdu—gy JyHS 09,5 4 Coud 63V i EJlad (l5ee
www.bae.ncsu.edu, ¥) ool 4 Els on

(WWW.vanson.com
5 2l iz (Sl o Wlgi e 4l danlyy olignS
s 2)lse Oleyd 5 g (B 005 plidsn JSia
30 ol as s lol 5 ST 4 Cond bapld ol o)ls oy
yodle WS oo SaS 0aud | ol 4 Sl yies]
ssb 4 g 5o Bib il s ol Wil Gl le old
et F10) Wsdioe mae on Slaml by b
Sl Gral) JB 5 5 SOsme 595 (Sed Joke 9 Ol
O35 3y bwgi o (a8l plill 035 (59, e 5,1 slo
Sov (oS8 whans ;5 (g ) Sl 5 Cengy ;S SIS
OligeS sl Blal o awjyoe Sl 4 cunlonls (3158
oS 23l 1) oS el S8l L il 5,k L Slogas-
gy (IRl Chx (Eohas Cavg dnwss sl Wl o
Sz S 1035 oy @ el Ned sy
(P ) ol o plosl 33525 31 o0licol by Cgy Sezadly

) Sy el Y-Y-¥
el oy Sz )0 Seitiw lo ol (230l e
oled syl Slp 5l 95 Sleogas aes hls (ligS
el (SHle s)lnl syl zedy b 5l oslhs
ST pln 50 Siz ssb a9 len Blie )3 alsl i sl
il oo (omlid ol a5l 6 pd Ale 5 (0B et bl
b oS ale jload lax g alls g 5l (oules slajd
oles slazd onl g wiloads wiBle jordy le (559095
O3 bl 6N (b Sleesgad 5 Coe WSlas

1- Opthalmology



RIS

VoY 5l FF 6 lonis comn § Lazo g ybua] 12

10.

11.

12.

13.

14.

15.

16.

17.

Jeon, C., Holl, WH., 2003. Chemical
modification  of  chitosan  and
equilibrium study for mercury ion
removal. Water Research, 37, 4770
Lim, S., Hudson, SM., 2003. Review of
chitosan and its derivatives as
antimicrobial agents and their uses as
textile chemicals. JMS Polym Rev, 43.
Yilmaz, E., 2004. Chitosan: A versatile
biomaterial. Advances in Experimental
Medicine and Biology, 553, 59-68.
No, HK., Park, NY., Lee, SH., Meyers,
S., 2002. Antibacterial activity of
chitosan and chitosan oligomers with
different molecular weights.
International  Journal of  Food
Microbiology. 74, 65-72.

Rabea, El., Badawy, MET., Stevens,
CV., Smagghe, G., Steurbaut, V., 2003.
Chitosan as antimicrobial agent:
Applications and mode of action.
Biomacromolec, 6, 1457—-1465.
Tokoro, A., Tatewaki, N., Suzuki, K.,
Mikami, T., Suzuki, S., Suzuki, M.,
1988. Growth-inhibitory effect of hexa-
N-acetylchitohexaose and chitohexaose
against Meth-A solid tumor. Chemical
and Pharmaceutical Bulletin, 36, 784—
790.

Sugano, M., Yoshida, K., Hashimoto,
M., Enomoto, K., Hirano, S., 1992.
Hypocholesterolemic  activity  of
partially hydrolyzed chitosans in rats.
In C. J. Brine, P. A. Sandford, & J. P.
Zikakis (Eds.), Advnces in chitin and
chitosan. Proceedings from the fifth
international conference on chitin and
chitosan, London: Elsevier, 472—478.
Fujimoto, T., Tsuchiya, Y., Terao, M.,
Nakamura, K., Yamamoto, M., 2006.
Antibacterial effects of chitosan
solution against Legionella
pneumophila, Escherichia coli, and

Scientific & Industrial Research, 63,
20-31.

Dutta, PK., Ravikumar, MN., Dutta, J.,
2002. Chitin and chitosan for versatile
applications. JMS Polym Rev, 42, 307.
Hudson, SM., Smith, C., 1998.
Polysaccharide: chitin and chitosan:
chemistry and technology of their use
as structural materials. Biopolymers
from renewable resources, 96, 118.
Kim, SJ., Kim, SS., Lee, YM,,
Synthesis of chitosan derivatives with
quaternary ammonium salt and their
antibacterial activity. Polymer Bulletin,
38, 387.

Kurita, K., Tomita, K., Ishii, S.,
Nishimura, S., Shimoda, K., chitin as a
convenient starting material for
acetolysis for efficient preparation of
N-acetylchitin to oligosaccharides.
Journal of Polymer Science Part A:
Polymer Chemistry, 31, 23-39.

Dutta, PK., Vishwanathan, P., Mimrot,
L., Ravikumar, MNV., 1997. Use of
chitosan-amine oxide gel as drug
carriers. Journal of Polymer Materials,
14, 531.

Ravi Kumar Majeti, NV., A review of
chitin and chitosan applications.
Reactive and Functional Polymers, 46
(1), 1-27.

Wang, H., Li, W,, Lu, Y., Wang, Z.,
Zhong, W., 1996. Studies on chitosan
and poly (acrylic acid) interpolymer
complex. Il.solution behaviors of the
mixture of water-soluble chitosan and
poly (acrylic acid). Journal of Applied
Polymer Science, 61, 2221-2224.

Le, Y., Anand, SC., Horrocks, AR.,
1997. Recent development in fibres and
materials for wound management,
Indian Journal of fibre & textile
Research, 22, 337.



A

il gsbuo 30 ol 9 S (WS 39,5 3 (5590

25.

26.

27.

28.

29.

30.

31.

32.

effluent, Indian Journal of Chemical
Technology, 7, 198.

Roller, S., Covil, N., 2000. The
antimicrobial properties of chitosan in
mayonnaise and mayonnaise- based
shrimp salads. Journal of Food
Protection, 63(2), 202-209.

Benjakoul, SW., Viessanguan, M.,
Tanaka, S., Ishizaki, R., Suthdham, &
O Sugpech. 2000. Effect of chitin and
chitosan on gelling properties of surimi
from barred garfish (Hemiraphus far).
Journal of the Science of Food and
Agriculture, 81(1), 102-108.

Song, Y., Babiker, E., Yusai, M., Kato,
A., 2002. Emulsifying properties and
bactericidal action of chitosan-
lysozyme conjugates. Food Research
International, 35, 459-466.

Rhee, J., Jung, M., Paeng, K., 1998.
Evaluation of chitin and chitosan as a
sorbent for the preconcentration of
phenol and chlorophenols in water.
Anaytical Sciences, 14, 1089-1092.
Lin, WC., Liu, TY., Yang, MC., 2003.
Hemocompatibility of Polyacrylonitrile
dialysis membrane immobilized with
chitosan and heparin  conjugate,
Biomaterials, (In Press), 25, 1947-
1957.

Domard, A., Domard, M., Chitosan:
Structure-properties relationship and
biomedical applications, Polymeric
biomaterials, edited by S Dumitriu,

Second ed, (Marcel Dekker, New
York), 2003.
Mucha, M., 1997. Rheological

characteristics of semi-dilute chitosan
solutions. Macromolecular Chemistry
and Physics, 198, 471.

Rahimizadeh, Z., Hamidiyan, A.,
Hosseini, SV., 2014, The application of
chitosan biopolymer in water and

18.

19.

20.

21.

22.

23.

24.

Staphylococcus aureus. International
Journal of Food Microbiology, 112 (2),
96-101.

Hayashi, Y., Ohara, N., Ganno, T.,
Ishizaki, H., Yanagiguchi, K., 2007.
Chitosan- containing gum chewing
accelerates antibacterial effect with an
increase in salivary secretion. Journal
Dentist, 35(11), 871-874.

Li, B., Wang, X., Chen, R., Huangfu,
V., Xie, G., 2008. Antibacterial activity
of  chitosan solution against
Xanthomonas  pathogenic  bacteria
isolated from Euphorbia pulcherrima.
Carbohydrate Polymers, 72(2), 287—
292.

Liu, N., Chen, XG., Park, HJ., Liu, CG.,
Liu, CS., Meng, XH., 2006. Effect of
MW and concentration of chitosan on
antibacterial activity of Escherichia
coli. Carbohydrate Polymers, 64(1),
60-65.

Xu, J., Zhao, X., Han, X., Du, Y., 2007.
Antifungal activity of oligo-chitosan
against Phytophthora capsici and other
plant patho-genic fungi in vitro.
Pesticide Biochemistry Physiology,
87(3), 220-228.

Nadafi, K., Tayefeh Rafi, M,
Gholampour, A., 2005. Application of
chitosan in water and wastewater
treatment. The 8th National
Environmental Health Conference. (In
Persian)

Bhavani, KD., Dutta, PK., 2000.
Physico-chemical adsorption properties
on chitosan for dye house effluent.

Indian Journal of Chemical
Technology, 7, 198.
Sridhari, TR., Dutta, PK., 2000.

Synthesis and characterization of
maleilated chitosan for dye house



b 88y VoY by 55 0 ylocdh e 3 bmo 3 cylund] VFY

environment), Shahrekord, Shahrekord wastewater treatment, the second
University. (In Persian) national water crisis conference
(climate change, water and



