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Table 1  Physicochemical characteristics of various chitosan samples 

 Chi73 Chi85 Chi96 

[  ] (mPa�s) 205 670 218.5 

Mv�10��(g/mol) 2.72 9.72 2.91 

 DD (%) 73.3% 85% 96.3% 

 

"

!"



!"#$%&’()*+,-./01234 !5

"#$6 "#$% $ "& 789’(:;<=>?@
&’(%)A &’(%*)*BCDEFGHI:;=JKA

!"# !"#$%&’()*+,-./0
L +MNO9P(QRS ,-.&T /UDV

WA XVWYZN/[RSDT ! U\ /[N
&’(01 $ &’(23 ]9^(Q_‘abcd\ eN
&’(%*Q>_‘fghci\ Jjk 4&5QD/
[A &’(23+lm@ &’(23A "#$6 "#$%$ "&QD
/[n=co\ pq 4&5QD/[rs\ /[_
‘tu\ vwx/[tyz{D|}~�A

L 1MNO9^(QRS ,-.&T 3UDV
WA XVWYZN/[RSDT 3U\ /[��
_��on^(A &’(01 $ &’(23 Q/[n=c
K� �|�~�D/[coA &’(%*$ 4&5Q/
[fgabJiA &’(23+ lm@ &’(23A "#$6
"#$%$ "&QD/[fgabci\ �q 4&5Q
D/[rs\ /[x�ty����\ /[��
ty��v�A
!"! $%%123’()*+,-!45$.6
789:;<

L 6MNt�����!"#^(QRSD
,-.&D.44����\ &’(%*QD/[n=�
�����@ &’(07$ &’(23A

L 3 MN%&^(QRSD ,-.& D .44
����A "#$6 "#$%$ "&QD/[n=�sc
o\ "#$%QD�ov�A

L *MNr������ �t�<!"#
^(QRS< ,-.& < .44 ����A &’(23+
$ &’(23Q</[n=����d�t¡A

& = >

N 89:-;��C\ :¢� !6%<£t¤¥^(
¥¦:;§ID¨©n=\ ey¤¥ª«¬~
�DHID:;=\ ®Nv¯°�Q±²³U´
�µDHID:;=A O9^(©HI¶·$*
BCr�HID:;ab¡tr�=>Yª¸ly¹
M*BCo9HIº»¼:;D��A ½¾

3<>?(@ABC 3<>?(@ABC

3<>?(@ABC3<>?(@ABC

D;E

F&E

FGE

F5E

’()"* 4’#> HIJBAKL(BC> BM> 8&.> KABL#(CJ> BC> H$$> ?HL#A(H$JN
OOPHIJBAKL(BCQ BM> M(RABC#@L(C> MAB?> M(RABC#@L(C> JB$SL(BCT
99PHIJBAKL(BC>>BM>$H?(C(C>MAB?>$H?(C(C>JB$SL(BCT>-OPHIJBAKL(BC>
BM> M(RABC#@L(C> MAB?> J#AS?T > -9PHIJBAKL(BC> BM> $H?(C(C> MAB?>
J#AS?N > "U)T > ;JL#A(JV> (CI(@HL#J> JLHL(JL(@H$$W> J(XC(M(@HCL>
I(MM#A#C@#J>F#Y<N<3E>A#$HL(Z#>LB>&’(%*
!OO" ! 99" !-O" !-9

1N3

1N<

+N3

+N<

/N3

/N<

<N3

<N<
&’(01>>>>>>>&’(23>>>>&’(>%*>>>>&’(23+>>>>>>"#$>>>>>>>>>>>>"#$%>>>>>>>>>>>>>"&

.HL#A(H$

! 6
%<

[

[

[

[

[

[

[

[

[

[

[
[

[
[

[

[

[
[

[

[ [ [

[

\!



! " " # $ % !""#&

$%&

$’&

(")*+,-./

!"#$% 01.2.*+,-.3-4516).7)89:’),;<<6),=<2=-;>)7.-)?)>4@)./)A4-+.=6)*42;-+4<6B)$%&)’1+CDE)$F&)’1+G(E)$’&)’1+HIE)

$J&)’1+G(!E)$K&L;<E)$M&)L;?HE)$L&)L’E)$N&)O’J

$K& $M&

(")*+,-./

$N&$L&

$F&

J&

M&$K&

(")*+,-./(")*+,-./

(")*+,-./ (")*+,-./

(")*+,-./

(")*+,-./(")*+,-./

(")*+,-./

!!



!"#$%&’()*+,-./01234 !5

!"#$% "#$%&’( $)( *+,-( ./001( $2( 34))/#/2&( 3/5./&605&4$2(
.’4&$152( 75&/#45018 ( !9:; ( <1&/#41=( 4234.5&/1( 1&5&41&4.5006(
14>24)4.52&(34))/#/2./(?"@A8ABC(#/05&4D/(&$(-’4E:
( ( ( F(-’4GH;( ( ( F(-’4IB;( ( ( F(-’4E:

J$#=/2’>/26 K!!L1789:; <=>?@ABC
DEF; GHIJKLMNOMNOPP&Q9RS
TU<=>V@9RWX&QY%&Z [E\]
^_9R‘a&Q1E\b cdIefghi
jk QRS+<lmH "/0n "/0E $ "- opq(r
s<=>t@uB[vwb q(xy[z{|A
}_~^�(Ot�[��23S �T��(r
s/����t�K!TLS c�!"#�(rs/�
���t�[Q��Ib 9R/���$,UUl
m9:�S rs*�H<=>t�uB[q(S
/�=sn ��$����u�b /�����
Oq(��=>t�rs�������% b
G¡/����t�S ¢£=>t�d�(O/
�[��23H¤¥¦§¨23K!HLb �©S ª¨
9Rq(�G¡/����t��rs��S «
E�/�dq(h[=sn ��$����Oq
(rs/����t���[��¬®�1i
jb

,UU lm9:¯°/�dq(h�±²³

\b /�dq(h�=sn ��O��´Bp�
µ�¶·S GH¸¹q(�º»X�S q(°y
rs[/����=s¼½[¾¿b q(°y[
ÀÁfgn ÂÃ$°yÄÅ¤Æ¶·/�[=sn
��$�ÇK!VLb q(°y�z{�ÈEÉÊq(
�/��=sK!BLb ËÌÍ -’4GHn -’4IB $ -’4E:
�ÎÏÐuË-S ÑÁfg$°yÄÅÒÓ�Ôb
/�d -’4E:h�=sn ��$�Õ��ÔÔÖ
_d -’4GH$ -’4IBh���S cKE×¨��
Ø -’4E:h�ÙÚÛ½uBS �Tz{|Üg¤
uÔ�ÝÞb cKL�LÍoCßyÊàijb
áIS q(°y�z{|A}_~^q(OV�
���23S �T�q(rs®B�/����
V�K!TLb rsV�¼½Aâ_q(�/��=sb
/�ã=sdq(°yäS Æ¼åIJ/���
�V�S ÊIæÉÊ/�dq(h�=sb áçS
ÙÚÛ½KLO/�Î°y$/����H�I
JèÛ½�Èé�Û½��23S �TÉÊ/�
dq(h�=sn ��O��K!:Lb áoS S2D4(6K!GL

&"#$’ "#$%&’($)(*+,-(./001($2(34))/#/2&(>/0(75&/#45018(
!9:; (<1&/#41=( 4234.5&/1( 1&5&41&4.5006( 14>24)4.52&(34))/#/2./(
W"@A8ABC(#/05&4D/(&$("/0
( ( ( F(U-X;( ( ( F("QR;( ( ( F("-;(( ( ( F("QRE

&"($) Y’$&$74.#$>#5Z’1( $)(*+,-( ./001( .[0&[#/3( )$#( B( 3561( $2( D5#4$[1(75&/#4501F ( W<C (-’4GH; (
WJC(-’4IB;(W-C(-’4E:;(WXC(-’4IBT;(WQC("/0;(W\C("/0E;(W"C("-;(W]C(U-X

BA(74.#$2BA(74.#$2

W]CW"C

!8T

!((((((((((((((((((((((((((((((((H((((((((((((((((((((((((((B
# W3C

!8A

A8I

A8:

A8V

A8T

$ B
GA

A8A

T8B

T8A

!8B

!8A

A8B

A8A
!((((((((((((((((((((((((((((H((((((((((((((((((((((((((((B

$ B
GA

# W3C

H8A

^^
^ ^^

^

^

^

^

^

^

TH



! " " # $ % !""#&

’()*+,-./0-.123456/27
89!:;<=$%&’>/?@AB CDE ()*+
*F’GHIJ?@B KLMN/!OB PQR
#ST #SDU/VWXY.Z ,-./[\]
^_‘B VWXY./5abcd_eB fgh
i # ST # SDU/VWXY./Cjkl‘B
mnopLqMN/!OZ ;rB ,-./[\
]^_‘B ()*+!Ost_uZ [\]^e/
,-.vwC?xyz{2|}~/��vwZ

+�������/�"B ���E���
�����B �456 ,-./&01/,23456/&/%7MN
�����B j�EMN�U/GH����
=89:;.-<9> ?@B pLMN/��Z &;0� &;0=�
&+ ��vw������� ¡B opLq
()*+/��E!OZ &;0� &;0=U/MN¢£
h¤¥�¦§¨©B ª«a¬® +><=?U¯¡Z
;r+�/ ()*+/!"I°k uB ª�+�
i��±�²³´B µ¶1UFO·¸¹MNB
;r¥j@ºxyz{()4Z &+ i� uB
E,-.��B ª�MN/!Ost»º +><@AB
n¼½¾+�Z �;Cj� &+�,-.E+�
/¿�"B ,-.c</ÀÁVWj�E+�/
ÂÃIJ?@B ÄÅ,-./kÆB Ç &+�/
!"$kÆE+�¼ÈI�Z

m*BBÉÊ�ËÌÍB MN1ÁIÎ[\]
^ªÏ^¥ÎÐÑÒÓ/,-.vwU/«aÔ
6ÕÖ/×§B P�1ØwÙ4/Z ª�mMN
ÚÛÍB +><@A!R»º +><@AZ PCj�Ï^¥

Î/ÐÑi�st6×ÜÝi/B PQRÞL¨
ß/()Z

,-.CDàuá}â2|ãäMN/!
O CD!EZ ÁåæÉÊ�ËCçB ¥Î[\]^,-
.� +��,-.E+�è¿vwé6êu/!
"I°kB 1HëCD}â ()*+ /!OZ
+><=? � &+Pì�vw¥íî ()*+6 u/
ï�kB nðñ�st uB Cj�ò6¨óô
@õö/2|xyz÷()@vwZ

!"#$!
CDE4 $F9.GH-94)IJ4B-;2KL914$(J 4I;00;-4MN OP12LQ1R;4S;.-FSF:<L94LT4

3F-:<F0014S;FK;:10F:;S4K><:<9J4<:24T<0R24F9S4>1S-L.;02N4!"#$%&’("%)*J4

D=@!JUVD"AWD"@

C!E4444*F0;::;4X&J4YH<.0;14IMJ4,S<KZ;24[%N4+><:L2F94;TT;K:4<94\F2KH0F-4

2H-.;-1J4:<22H;4KH0:H-;4F9S4:<22H;4-;.;-F:<L9N489V4*HQQF-;00<46,,J4

M;H9<FH]4+J4&LLSSF14&XN4+><:<94<949F:H-;4F9S4:;K>9L0L.1N4^;_

O‘L-ZVO$0;9HRO3-;22JOD=@?NO#UAW##!

CUEOOOO$L3L_<KQO$JOaH-Q1KFOMJO%L0<92ZFObJO$L3L_<KQOMN O+H0:<\F:<L9OLTO

*%+aO;3<:>;0<F0OK;002OL9OK><:L2F9OR;RG-F9;2NO!"#$’+ !"#,-"$

.,&%JOD=@AJO##VDU!=WDUUU

C#E OO 8QHR;O*J O BF<-FO BJ O a<RH-FO BN O ,O 9L\;0O K;00O KH0:H-;ORF:-<]O

KLR3L2;SOLTOK><:L2F9OF9SOKL00F.;9OKLR30;]NO89VO)FcFZ/b-F;ZO&JO

,9:>L92;9O BJ O )F9STL-SO $N O +><:<9O F9SO K><:L2F9N O ,R2:;-SFRV

O[02;\<;-O,330<;SO)K<;9K;2JOD=@=NO?AUW???

CAEOOOO[0K<9O‘*JO%<]<:O(JOP;_<9OaJO&<:9<KZO&NOd;9L:-F9230F9:F:<L9OLTO

T;:F0O 3L-K<9;O >;3F:LK1:;2O <9O -F:2O H2<9.O FO :<22H;O ;9.<9;;-<9.

OF33-LFK>NO.(&"/ 0(1%2*JOD===J!UVD#?WDA!

C?EO OOOO %;9HQ<;-;OO,O J OO ’;--<;-OO%O J OO%FRLH-OOeO J OO%FRLH-OO,O N O+><:L2F9

K>L9S-L<:<9 2H0TF:; O F9S O K><:L2F9/>1F0H-L9F:;

3L01;0;K:-L01: OKLR30;];2 V O G<L0L.<KF0O3-L3;-:<;2N !!"#$%&’("%)*J

D==@JOD=VD!fAWD!@A

CfE OO‘F9.O ’J O P<OdIJ O+>;9.O*‘J O&L9.O‘%J Og>FLO^*J O g>F9.Od’N O

$;-TL-RF9K;O RLS<T<KF:<L9O LTO K><:L2F9O R;RG-F9;2O <9SHK;SO G1

.FRRFO<--FS<F:<L9NO3#4(2%) #/ !"#$%&’("%)* .55)",%&"#2*JOO!""!JO

OOOOOOOOOD?5U7V!DAW!!?

C@E OOO *L9;:FO &PJ O $L-:;-O M*N O ,-:;-<F0O 2HG2:<:H:;N O 89V O )FG<2:L9O %+N

6;\<;_O LTO 2H-.;-1N O $,V O )F9S;-2O $><0FS;03><FJ O D==!N O A#"WA#@

C=EOOOOø4�BùúûBü+ýNOMN!"$NOþÿ!e"#$%&’B

!"""NO=fWD"A

CD"EOIL-G;::OB,N O$-<9K<30;2OH9S;-01<9.O :>;O -L0;OLTOFS2L-G;SO30F2RFO

!"#$% &-L_:>OLTO()*+OK;002OL9O:>;OK><:L2F9ORF:;-<F02O
RFS;O _<:>O S<TT;-;9:O KL9K;9:-F:<L9O K><:L2F9O 2L0H:<L92N O
2h?iO,2:;-<2ZO<9S<KF:;2O2:F:<2:<KF001O2<.9<T<KF9:OS<TT;-;9K;O
56j"N"A7OG;:_;;9O:>;O:_LORF:;-<F02N
O O VO+><@AiO O O VO+><@A!

"NA

"N#
"NU
"N!

"ND

"N"
DOOOOOOOOOOOOOOOOOOOOOOOOOOOOUOOOOOOOOOOOOOOOOOOOOOOOOOOOOA

. A
f"

& 5S7

"N?

"Nf
"N@

k

!#



!"#$%&’()*+,-./01234 !5

"#$%&’()*+(*,-../*0(%&#12%0.()*30%4*5.#&06(781%&#01-)9*!"#$%&’"()

*"+,&-:*;<<=:>?!@A)B;CD)

E;;F777G.#HI(46I(7JK7L-I8I(2I7MNKOP06#0)%7Q:7RI,0)2HI#7S977=TU08I()0.(V-

IW%#V2I--X-V#T8V%#0W7 I(60(II#0(67 0(7 %4I7 (I#Y.X)T)Z)%I89.&/#0"-

&1 2%&34$%)"- 5"+4#%"- 64(4"#),:7;<<[:7C\?=<>BC\\

E;>F7776789:;<9=>?9@A%9BCD97E"FGHIJ!

"#KLM/0N2397OPPQRST>\\>9;]^=_U‘‘=B‘]\

E;=F777MV(I%V 7 a : 7 bVY0c 7 MJ 9 7 P8..%4 7 8X)2-I 7 Vc4I)0.( 7 %. 7 %0))XI

I(60(II#0(677)2V55.-c)9!2%&3"+4#%"-(:7>\\\:7>;?>\>‘B>\=>

E;C F 7dV8"0(7J: 7eV#.2fX0I#Tg-I#.X%7 h: 7 dI6#0)7 g: 7UI6#V(6I7J: 7

P06.%TdX0iV#c7 Jj9 7 g.##I-V%0.(7 ,I%3II(7 )X,)%#V%X87 #.X64(I))7

V(c7 3I%%V,0-0%Z: 7 2I--7 Vc4I)0.(: 7 V(c7 2I--7 806#V%0.(9 7 .&/#0"- &1

7%&34$%)"- 3"+4#%"-( 64(4"#),:7;<<k:7=]?<<B;\[

E;‘F77QV8V(.7l:7PXiXH07Q:7lI#V8.%.7R:7d0iXHV7m:7R,I7n9OjX(2%0.(V-O

2X-%X#IO.5O4X8V(O"I#0.c.(%V-O50,#.,-V)%OoQSdNp7.(7".-ZI-I2%#.-Z%I

72.8"-IW7^Smgp97*/#4 899- !,4:7;<<[:7R=‘^=p?C=<BC‘‘

E;]F77P0"I40V 7 h 9 7qT#VZ 7 "4.%.I-I2%#.( 7 )"I2%#.)2."Z 7 )%Xc0I) : 7 )X#5V2I 7

%I()0.(78IV)X#I8I(%):7088.,0-0iV%0.(7.574X8V(7)I#X87V-,X80(:7

4X8V(7 50,#0(.6I(7V(c74X8V(7 50,#.(I2%0(7.(%.7 V88.(0V7"-V)8V7

%#IV%Ic7)X#5V2I)7.57,0.8V%I#0V-)7X)I5X-75.#72V#c0.YV)2X-V#708"-V(%)7

V(c7 V#%05020V-7 2.#(IV7 08"-V(%)9 7 2%&3"+4# 8#+%1 !4--( :33&7%-

2%&+4),0&-:7;<<=:7>;?7]CkB]‘[

E;kF77r(X07Q:7l)Xs0HX,.7J:7Q0#V(.7P97d.378.-I2X-V#73I064%7240%.)V(7

)%08X-V%0.(7 .57 80%.6I(027 #I)".()I7 %.7 "-V%I-I%TcI#0YIc7 6#.3%47

5V2%.#70(7YV)2X-V#7)8..%478X)2-I72I--)9 72%&()% 2%&+4), 2%&),43:

7;<<‘:7‘<?7>;;;B>;;C

!"#$%&’$()* )+ &’,-".’/ ,0))$1 0",-.2 -2..,
)* -1%$),’* ’*3 42.’$(* +(.0,

tuRav7dXT4XV:7 wRav7jI0:7 vxav7wV(TcV.:7 tuRx7aV(T80(6:7 tuRav7q0XT5V(6
;<+"+4 =4> ?"7&#"+&#> &1 2%&3437#"04 "0$ @437#"04 2%&+4),0&-&A>B C49"#+340+ &1 2%&-&A%)"- <)%40)4( "0$ 2%&+4),0&-&A>D

E(%0A,/" F0%’4#(%+>D 24%G%0A HIIIJKD L,%0" M

’56789:7; g40%.)V(:7V7".)0%0YI-Z724V#6Ic7".-Z)V224V#0cI:74V)7)4.3(7%.7,I7V7)%#X2%X#V-78V%I#0V-7.57"#.80)I7
5.#7V7(X8,I#7.57%0))XI7I(60(II#0(67V""-02V%0.()97l4I7#.-I7.57%4I7cI6#II7.57cIV2I%Z-V%0.(7^UUp7.(7).8I7,0.-.602V-7
"#."I#%0I)7.57240%.)V(750-8)73V)70(YI)%06V%Ic70(7Y0%#.9 7l4I7".%I(%0V-7.57240%.)V(: 76I-V%0(: 7V(c76I-V%0(T240%.)V(7
2.8"-IW78V%I#0V-)75.#72.(%#.--0(67%4I7"#.-05I#V%0.(7.57YV)2X-V#7)8..%478X)2-I72I--)7 ^yPJgp 73V)7V-).7IYV-XV%Ic97
JV%I#0V-750-8)73I#I7)IIcIc730%47yPJg75.#72X-%X#I7X"7%.7k7c9 7r(7;7V(c7‘7c72X-%X#I: 7"4V)I72.(%#V)%7802#.)2."027
08V6I)7.57%4I72I--)7.(7IV247)X#5V2I73I#I7c060%V--Z72V"%X#Ic9 7gI--76#.3%473V)7IYV-XV%Ic7,Z7%4I7Jll7V))VZ7V%7>CV
k>7V(c7;>\749 7l4I7 #I)X-%)7 0(c02V%I7 %4V%7V--78V%I#0V-)73I#I7,0.2.8"V%0,-I730%47yPJg7V(c7yPJg7"#.-05I#V%0.(7
0(2#IV)Ic734I(7 %4I7UU7.57 240%.)V(7 50-8)7 0(2#IV)Ic9 7 r(7 2.(2-X)0.(: 7UU7"-VZ)7 V7"#.5.X(c7 #.-I7 0(7yPJg72I--7
Vc4I)0.(7V(c7"#.-05I#V%0.(9
7 7 <=> ?@8A6; g40%.)V(z7UI6#II7.57cIV2I%Z-V%0.(z7mW%#V2I--X-V#78V%#0W7"#.%I0()z7vI-V%0(z7

yV)2X-V#7)8..%478X)2-I72I--7

>‘


