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deacetylation degree (DD) qaun 1dun ¥ia 80, 85, 90, 95%DD iLag chitosan oligomer AN
3 a U Y a d a S A dy a ad o 9
nAaeUNY 5 yila aunsonelvifaduus Indwesiindeuinmeiuiitdn Insansuounda
130 glassy carbon electrode (GCE) unzuaasdinunmmsih lihiia ArunmeuiAvestlsy
nﬂy a [N RX—a d = @ Y [~ ] 1
VINVUNUKY  uaztarieassapuenananndesiiulsnluvii(SCWL-DNA) g umun
v
a L4 @ a,
AWUUUYDY  amine group (NH2) vnmsngatmutuneumanil Wi @035 cyclic
voltammetry (CV) Tunns UV supporting electrolytes M1Asg 1A l9MaTon 1azmMsSanszue
9 ' v
@ ad 4 [ 1
uazdnd hves cv Tuwad Iihaifiszuusidnlaslav K3Fe(CN)6lu PBS pH 7.0 1ia'laa
@ ' ) v ad ' a
#nd i Epa sewdne 03424 — 04229 V/SCE M5V 1N5AGCE-chitosanii@az ¥iia
ANDATUNTAAAINNANITATI SCWL-DNA HaINMIAARaINaIas S methylene blue (MB)
aaa dy a ad [ Y a o a a [ [} a
¥931URAT1 redox vuiumBan Insadaudasdieldy Indmes la laanuaiiamaqudazaiia
[ U ad 4 {o ' @
aand1adedu TuszuuBianlaslard 8BS pH 7.0 #9a18Mnszuagqegn o fndlvidh E vosd
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i v 4 a ~ v ¢ <
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SCWL-DNA Ngnasavuilan Inawes Inlaw 1fededaou

Abstract

Initial strategy for DNA-based biosensor preparation has been developed for the
identification and diagnosis of a phytoplasma causing sugarcane white leaf disease, one among the
most destructive problems in sugarcane industry of Thailand. Experiments on the establishment of
high electro-conductivity and bioaffinity materials have been performed using a natural biomaterial
such as chitosan polymers due to their diverse properties that offer a unique set of such
requirements. In this study, five high deacetylation degree (DD) chitosan formulas such as chitosan
80, 85, 90, 95 %DD and chitosan oligomer were examined for their electro-properties using cyclic
voltammetry (CV) technique. A stable electro-transducer film of each chitosan could be addressed

to glassy carbon electrode (GCE) surface and yielded excellent relationship between electric current



247508
(I) and potential (E) in all standard supporting electrolytes. Electrochemical behaviors of modified
GCE-chitosan have also been investigated both before and after an immobilization of the DNA
extracted from sugarcane white leaf diseased plants (SCWL-DNA). The corresponding cyclic
voltammetric profiles obtained from ferri-ferro ion transter and methylene blue redox reaction
indicated the stable immobility of SCWL-DNA onto modified GCE-chitosan surfaces. Accordingly,
a firm immobilization of this SCWL-DNA on electro-bioaffinity chitosan interface has been

obviously shown upon nanostructure observation under atomic force microscope as well.
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v @ A, a Jd Y ad .
ﬂwmﬂsztmuaxﬁﬂtT'lWﬂnmmmnmﬂwman cyclic voltammetry (CV)
N8R IINIIAUNU(scan rate) 100 mV/s Meldszuvesazas 1.0 mM
K,Fe(CN),"/ K,Fe(CN)," 11 0.1 M PBS i pH 7.0 & gauimigil 25 °C :1nmsia
ad a ad @ Y A
BN Insaxtia glassy carbon (gee) tazdidn Insadauasdromsindou

= 1
135300 la Taanugaunuaie

AvesnszuaazAnd Ifuievimiinszideis cyclic voltammetry (CV)
ﬁ5ﬁ51ﬂ1§ﬁllﬂu(scan rate) 100 mV/s ma“léf'izuummzaw 1.0 mM
K,Fe(CN),"/ K,Fe(CN)," T4 0.1 M PBS 7 pH 7.0 1 gaunni 25 °C fferhins
a3sddueiasaandeadiulsaluriifannde I lanaananuduty
50 ng/ ul $119u 2 ul vuBIAA Insadaulasiimandeudioaisdininlala

UV VA1

1 @ 4 o a s a
Awosnszuduaznd lnfhilierinislins12Ha1033 cyclic voltammetry (CV)
N9AIIMIALNU(scan rate) 100 mV/s Mo 1@z 1Fos@ai methylene
blue ¥091/1501 redox Tumsaa18 20 mM TBS i pH 7.0 24 gaungd 25 °C
v ad a ad [ Y
1INM3IIABIAN IN3AYTIA glassy carbon (gee) azdian Insadaulasdrons

A s 1
waeumsFIn N la Tnanugiunueiae

4 1 [ 4 ° a 4 a .
M3 4 AvesnszuauazAnd IWiiionnsiinz a3t cyclic voltammetry (CV)

180 31N3 AN (scan rate) 100 mV/s 1AM 5 1e158%% methylene blue ¥4
aaa ] A
UN381 redox voRdUIB IUsZUVAITALAIW 20 mM TBS 1 pH 7.0 24
a d‘ o KX adg d‘ [ Y d' a dy
Uil 25 °C ieiimsassauenaianndeuilulsaluviinannde
o ad @ ~
I Tawaraunanudiudu 50 ng/ ul $1190 2 wl vuBEA Insadaulasfiting

A vy a2 '
nABUAIEsTININ Ia Taanugiuuudien
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ﬂiW\Icyclic voltammogram Y94 alaﬂiﬂiﬂglassy carbon Lﬁﬂﬁmﬁ’jﬂ
nszuauazdnd lfhfseFumsmunusas 25, 50, 100, 150 1a 200
mV/s TuszuUMI02018 1.0 mM K, Fe(CN),/ K,Fe(CN)," 11 0.1 M
PBS i pH 7.0 o4 QUNQN 25 °C

ﬂiW\lcyclic voltammogram U994 5&5ﬂ1‘ﬂ§ﬂglassy carbon ﬁmﬁauﬁ"m
3% In Taauiia 80% deacetylation degree (chitosan 80DD)
Lﬁm‘hms‘Eﬂﬂszummzﬁﬂﬁ"lwﬁwﬁi:ﬁumsmmuﬁmw 25, 50, 100,
150 Az 200 mV/s Tuszuum1502010 1.0 mM K Fe(CN), "/
K,Fe(CN)," 111 0.1 M PBS 71 pH 7.0 as gaimn i 25 °C

ﬂﬁchclic voltammogram U994 ’Staﬂi‘ﬂiﬂglassy carbon ﬁmﬁauﬁ’aﬂ
o 15%’Jﬂ1wllﬂi¢l“li1u‘lfﬁﬂ 85% deacetylation degree (chitosan 85DD)
Lﬁ@’ﬁwms"J”ﬂﬂs:ummzﬁm‘f”lﬂﬂwﬁszﬁumimmuﬁmw 25, 50, 100,
150 Uaz 200 mV/s Tuszuumsazats 1.0 mM K Fe(CN),"/
K,Fe(CN)," 14 0.1 M PBS #i pH 7.0 s QUL 25 °C

ﬂﬂﬂcyclic voltammogram Y94 gtaﬂiﬂiﬂglassy carbon ﬁmﬁam’hﬂ
13510 la Taauwiin 90% deacetylation degree (chitosan 90DD)
Lfia'v‘imﬁ‘5¢m53uﬁuazﬁ'ﬂt‘?’lﬂ%ﬁﬁzﬁumﬁmmué’mw 25, 50, 100,
150 g 200 mV/s U5 UA1302018 1.0 mM K Fe(CN), "/
K,Fe(CN)," 11 0.1 M PBS 7l pH 7.0 QUM 25 °C

n3Weyclic voltammogram v94 8ian 1N3Aglassy carbon MAABUAIY
2135520 1 Tasuaiin 95% deacetylation degree (chitosan 95DD)
Lﬁaﬁmﬁ*3@1ﬂszuauazé”fﬂé"lwﬁwﬁszﬁumsmmmj"mw 25, 50, 100,
150 uaz 200 mV/s TuszUUMIazatn 1.0 mM K, Fe(CN),"/

K,Fe(CN)," 11 0.1 M PBS 11 pH 7.0 a4 gaungil 25 °C

d' " a g’ a A Y
MNN 6 ﬂﬁ‘Ncycllc voltammogram U994 fJL’ﬁﬂI“ﬂiﬂglassy carbon NIAADUAIY

13590 In Taauaiia chitosan oligomer 118911715 SANS LA
find Wihiszdumsaunusas 25, 50, 100, 150 uaz 200 mv/s T
ITUVMIALAIY 1.0 mM K Fe(CN),"/ K,Fe(CN)," 111 0.1 M PBS #

pH 7.0 &4 §MHQil 25 °C
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A . = = ' ad
MNN 7 N3 1Mcyclic voltammogram 1fSsuifenszning Bidn Insaglassy

a A 9 s a 1 d' o [
carbon NANDUAWAIHINN la Taauyiiaciee Woviinsa
nszuauazing I RssaUMs TUALSATT 100 mV/s Tuszuu
1392019 1.0 mM K,Fe(CN),/ K,Fe(CN)," 11 0.1 M PBS 7 pH 7.0

9 QUNQU 25 °C

a - a9y o o 2X—adg A o
MMNN 8 ﬂiW\Icychc voltammogram ‘n"I,@mmmﬂmmmsamaumm’mﬂmﬂ

ooiluTsaluvnidaninde W lanmauanududy 50 ng/ ul
919U 2 pl vuBidn Insaglassy carbon daulasdlensinaow
213550 1a Tnssuwiin 80% deacetylation degree (chitosan 80DD)
gﬁaﬁwmi"a”ﬂﬂi:ummzﬁﬂﬂwﬂwﬁi:ﬁumimmu5@151 25,50, 100,
150 1ag 200 mV/s luszuvUaITaza1Y 1.0 mM KSFe(CN);'/

L .
K,Fe(CN)," 111 0.1 M PBS 71 pH 7.0 4 gaumigil 25 °C

4 v o d ~
mwﬁ 9 ANUTANNUTUDINTSLLE oxidation (Ipa) agnasue reduction(Ipc) NNY

NN 10

a
NN 11

nnmsdalundazseuvesmsaunud 25. 50. 100. 150. uaz 200
mV/s TUsZUUMI02018 1.0 mM K,Fe(CN),/ K,Fe(CN)," 1w 0.1 M
PBS i pH 7.0 o4 QAL 25 °C ndamnhmsassmBueiasan
oniiuTsnluvnfiiannde I Tanaaunududa so ng/ pl
149U 2 pl vudian Insaglassy carbon daulasdisnisinioy
1532070 1a Taauaiia 80% deacetylation degree (chitosan 80DD)
n3Weyclic voltammogram 71 l4n& s 1n¥imsnTedSuefiatan
Soniiulsnluvnifasnde I Tanaranaududy so ng/ pl
3119 2 pl YuBIAN InsAglassy carbon dauasdlensindow
1350 Ia Tasuaiia 85% deacetylation degree (chitosan 85DD)
Lf}aﬁmﬁ5’@1ﬂizummzﬁﬂﬂwﬁwﬁszﬁ’umsmmuﬁmw 25, 50, 100,
150 uaz 200 mV/s TuszuUmsazaty 1.0 mM K,Fe(CN),”/
K,Fe(CN)," 14 0.1 M PBS 7l pH 7.0 RMHQ 25 °C
ANNAURUTYDINT LI oxidation (I,,) 1Az NIZUA reduction(l ) finy
nnmsialuiaagseuveamsaunuii 25. 50. 100. 150, uaz 200
mV/s TUs3U1a13502010 1.0 mM K Fe(CN),”/ K,Fe(CN),* 111 0.1 M
PBS i pH 7.0 a4 gungil 25 °C ndsmnimsnseiidueiiasan
oniiiulsaluvfidaainde I Tanarmnaamndudi so ng/ ul

149U 2 pl vudian Insaglassy carbon dALasd18n1snanY
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HNN 12

a
MMNN 13

a
MNN 14

=
MNN 15

A
HMNN 16

1552070 I Taauyiia 85% deacetylation degree (chitosan 80DD)
A31%eyclic voltammogram 71 1@ &9 1A iMsASamEwe RasA N
goudulsnluvniiianinde I Tanaasaududu 5o ng/ pl
$119U 2 pl YuBIAn NI Aglassy carbon AaLasd1BnSIAADY
155070 I Taauyiia 90% deacetylation degree (chitosan 90DD)
iethms anszuauazdnd Ifhissunsaunusa 25, 50, 100,
150 uaz 200 mV/s TUsLVVA15AZa18 1.0 mM K,Fe(CN),/
K,Fe(CN),” 11 0.1 M PBS 71 pH 7.0 w1 gamigil 25 °C
ANNALUTYRANTLIE oxidation (I,,) 4aZNIZLUE reduction(l ) finy
nnmsialuudagseuvesmsaunud 25. 50. 100. 150. 1ag 200
mV/s TUszuUa1592018 1.0 mM K, Fe(CN), "/ K,Fe(CN)," 111 0.1 M
PBS ;:H 7:0 a1 gamgl 25 °C wdaAmInseS A ueNiataan
goudlulsnluvniifaninde I Tanaranaimdudi 5o ng/ pl
$119U 2 pl YUBIAN TN Aglassy carbon faLlasd1eMsInADL

19 %amw"lﬂimmwﬁﬂ 90% deacetylation degree (chitosan 90DD)
A3 Wleyclic voltammogram 71 14N &9 1ninsaTsmS uofiafan
goufulsnluvniidaninde I Tanaasaududy 5o ng/ pl
$119U 2 pl VUBIAN NI Aglassy carbon FALasAeMsIAT L
a13%0 In Taguaiia 95% deacetylation degree (chitosan 95DD)
dethms Sanszuauasdnd Ifhiissdumsaunusan 25, 50, 100,
150 1Az 200 mV/s TUILVUAIT0$a18 1.0 mM K, Fe(CN),”/
K,Fe(CN)," 114 0.1 M PBS 71 pH 7.0 o4 RUNYI 25 °C
ANUFURUTUDINILUE oxidation (I,,) 4AZNTZUE reduction(l ) finy
nnmsdaluudazseuvesmsaunuii 25. 50. 100. 150. 1ag 200
mV/s TUsEUUA1582018 1.0 mM K,Fe(CN), "/ K,Fe(CN)," Tu 0.1 M
PBS i pH 7.0 gaImgil 25 °C ndsnniimIAsAlBweRiasan
goudiulsnluvnifannde I Tanarananmndudy 5o ng/ pul
$119U 2 W VUBIAN TNIAglassy carbon dauasdrenisiadon
#1330 1a Taauasiia 95% deacetylation degree (chitosan 80DD)
s leyclic voltammogram 71 ldn&sn1niimsaSeds uofiaiain
goudulsnluviifaninide I Tanarananmududu so ng/ ul

o ad Y ’ ) A
914U 2 pl VUBIAN INsaglassy carbon Aaullaiflen1sindo
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15320710 1n 1aauata chitosan oligomer oM Ianszudaz
And WA nszAumMIanusasT 25, 50, 100, 150 1AL 200 mV/s Tu
SYUVEI502a10 1.0 mM K,Fe(CN), / K,Fe(CN)," 114 0.1 M PBS 7

pH 7.0 84 gMMQil 25 °C

4 v o d {
MW 17 ANNFUNUTVDINTZLA oxidation (I,,) 40 NIEUE reduction(l ) Any

NN 18

NN 19

210153 lu@az sUVBINTAUAUN 25. 50. 100. 150. 1AL 200
mV/s Tusguuaisazais 1.0 mM K Fe(CN), "/ K,Fe(CN)," 11 0.1 M
PBS #i pH 7.0 &1 gunigil 25 °C nasanihmsassdidueianann
v Vv

geuilulsaluvininannde I Tawarauanududy 50 ng/ ul
o ad @ Y A
IUIU 2 pul ‘U‘leﬁﬂi‘ﬂiﬂglassy carbon AALUAIAIINITATOL
1533010 1a Taa1uyHa chitosan oligomer

ﬁ a 4 o o
ﬂiTNcyclic voltammogram U®4 @Laﬂi‘ﬂiﬂglassy carbon oM sia
nszuaazng i nszdumsaunusas 25, 50, 100, 150 Lag 200
mV/s 1a1%e3 methylene blue 1Hudetive91l§Aze1 redox Tu
#1592070 20 mM TBS 91 pH 7.0 %4 guHqll 25 °C
iP] 1“Ncyclic voltammogram U949 2ianInsa glassy carbon Madoualy
3530 1a Taanuaiia 80% deacetylation degree (chitosan 80DD)
Weimsianszuauazing Mihnssaumsaunusag 25, 50, 100,

Y < v A aaa

150 taz 200 mV/s 1Ay 1913 methylene blue iuAvtivesllgnsen

redox 1Ue1302A18 20 mM TBS 1 pH 7.0 & gauHfi 25 °C

a . ad a A Y
MNN 20 ﬂiW\lcychc voltammogram U®J ﬂlﬂﬂi‘ﬂiﬂglassy carbon NIATDUAIY

a
MNN 21

33 e Taauyiia 85% deacetylation degree (chitosan 85DD)
e Sanszuauazng Iihiissfumsaunusag 25, 50, 100,
150 11az 200 mV/s 1au14Ha3 methylene blue iudaiivos§izen
redox Tuensazann 20 mM TBS i pH 7.0 a1 gaimgdl 25 °C
ﬂ’iTNcyclic voltammogram U aaﬂi‘ﬂi@]glassy carbon ‘ﬁmﬁauﬁ'aﬂ
13 %’me"lﬂimm%ﬁﬂ 90% deacetylation degree (chitosan 90DD)
Lf}aﬁmwﬁﬂﬂizuﬁuazﬁ"ﬂtﬂﬁ%ﬁﬁzﬁumimmué”ﬂﬂ 25, 50, 100,
150 stz 200 mV/s Tavldans methylene blue Lﬂuﬁ%ﬁ%ﬂﬂﬁﬁ?m

redox 1Ue1502A18 20 mM TBS 1 pH 7.0 &4 guHaH 25 °C

4 ad ~
Mmnn 22 ﬂiW\lcyclic voltammogram U®J ﬂmﬂi‘ﬂiﬂglassy carbon NAROUAY

530 1a Tasuriia 95% deacetylation'degree (chitosan 95DD)
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2NN 23

oM danszumazdndIvihfissfumsaunusas 25, 50, 100,
150 11z 200 mV/s 1ael4es methylene blue ifudwtiveljisen
redox TU@5aza10 20 mM TBS i pH 7.0 a4 gaungl 25 °C
n31¥cyclic voltammogram Y84 S!,aﬂi‘ﬂiﬂglassy carbon ﬁmﬁauﬁ’m
352019 1 Taauiia chitosan oligomer iaviims Sanszuaiiag
Fnd T fiszdunmsaunusas 25, 50, 100, 150 wag 200 mV/s 1ag
1415 methylene blue iudwiivest§Aser redox Tuensazats 20

mM TBS # pH 7.0 84 gl 25 °C

a . A9y o ° 2 aa A o
MANN 24 ﬂiW‘lcycllc voltammogram ‘VlVlﬂﬁﬁQ%TﬂWWﬂﬁﬁﬁQﬂlﬂulﬂ‘ﬂﬁﬂﬂ%?ﬂ

2NN 25

' Vv
gouilulsaluvininannde W Tananauianududu 50 ng/ ul
o ad (9 Y A
$149U 2 pl UBLan Insaglassy carbon AALLAIAIMIIAADL

9
1533070 Iet Tasuatia 80% deacetylation degree (chitosan 80DD)
dlenimsSanszuauazdng I nsedumseunudasi 25, 50, 100,
E I~ = aan

150 1a¢ 200 mV/s Taelde1s methylene blue 1HluAvtivesllgnTe

a d A
redox UDIABUID IUTEVVA15ALA10 20 mM TBS 91 pH 7.0 91
RUNRN 25 °C

. AnyY o ° 2 ad A o
ﬂSTNcychc voltammogram ldndanniinsassauenanaan

v 9
SouiuTsaluvinaninme I lanarauanududu 50 ng/ pl
o ad @ 9 A
1UIU 2 pul ‘U‘uﬂmﬂi‘ﬂiﬂglassy carbon AALUAIAIINITATDL
153N la Taauyiia 85% deacetylation degree (chitosan 85DD)
diovihnsianseuauazfnd Ifnsedums aunudnas 25, 50, 100,

9 I~ v A aan
150 18z 200 mV/s Tael9a15 methylene blue iudstiveadgnTen
redox vosRdUo 1USZUUEISAZA1E 20 mM TBS 91 pH 7.0 &4

QUNYI 25 °C

4 a @ o ad A o
WA 26 n3Wlcyclic voltammogram 7 1dndaninshimsa3sadueNanan

' Y
SouduTsnluvmnnannae W lanarauanududu 50 ng/ ul
$1u1 2 ul vuBLEN INsAglassy carbon dauilasdismsindoy
a9 ‘Tf’Jmﬂ“lﬂIGl“]ﬂu‘lfﬁﬂ 90% deacetylation degree (chitosan 90DD)
dievmsianszuauazdnd IMfhfiszdumsaunudas 25, 50, 100,

9y < v A aaa
150 1Az 200 mV/s Taelda15 methylene blue (JuAwTivoal AT
redox ¥99AO M 1UTZVUAITALAIW 20 mM TBS #1 pH 7.0 o

QUNYI 25 °C
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d' = = Y o o KR ad a @
HNN 27 ﬂiW\lcycllc voltammogram ‘n"lﬂwmmmmmsmem@ummﬁﬂmm
< A a g
doutlulsaluvniidaninde I lanarananududu 50 ng/ ul
o ad [
MU 2 pl YUBIAN INTAglassy carbon AaLasdromsindon
1532070 I Tassuyiia 95% deacetylation degree (chitosan 95DD)
weiimsdanszuauazdnd i iszdums aunudas 25, 50, 100,
150 tag 200 mv/s 1agl9es methylene blue iudstiveqlfizen
ad ~
redox YBIAOUIB 1UTEVUAITALAIW 20 mM TBS #1 pH 7.0 o
U1l 25 °C
d' . ~ Y o o KX ad ~ [y
HINN 28 ﬂiT‘Ncychc voltammogram w‘l@mmmﬂmmsmamaumwaﬂmm
3 aa 4
douiuTsnluvnfifannde M lanaaananududu 50 ng/ i
o ad @ Y A
U 2 pl VUBIAN INTAglassy carbon Aaulasdremsinfou
a ‘ a q o o
1355301 10 Taauwiia chitosan oligomer HoMIM5IANILIALAL
And lvihiszaumsaunusas 25, 50, 100, 150 waz 200 mv/s Iag
v A aaan a g
1425 methylene blue {usaiive sl §Azeon redox vosiduioly
IEVVA50018 20 mM TBS 91 pH 7.0 &4 guigil 25 °C
a ] (= = ' RX—a a3 A o
HNN 29 ﬂi"I‘Ncycllc voltammogram LﬂifJ‘UL‘VIEJUizﬁ’ﬂﬂﬂ’IiﬂNmﬂumﬂﬁﬂﬂ
[ a a -4
nndesidulsaluvninannde I lanaananududu 50 ng/
o ad [ 9 A
pl 314U 2 ul YUDLAN INsaglassy carbon Aauasdrensnion
1550 la Tauriinaiee Weimsianssuauazdnd Wi
@ @ < v A
FTAUMITUNUDBAT 100 mV/s 1ae1da15 methylene blue 1iludiail
aaa a g =
¥091N301 redox vosAdUB ST UVAITAZAW 20 MM TBS 71 pH
7.0 4 QUNQN 25 °C
. { a ag A g
MNN 30 HansasAUAIAosvesdian Insafiily glassy carbon electrode
[ v a 9 Yy 9 '3 3
AoUYTUHINT muldndesganssmingsozaou(Atomic force
microscope)
a A a Y ag A o a Y v A
MNN 31 WaMInsRaoUNURINIIEN InganlsuRmaemsnaouas
a Ao @ Y
Tndwes lnTamulugiiimsanseduezimmia 80-85% aunded
d o
YANIIAULUIIDEADU(Atomic force microscope)
d' dy a Y ad A (v a Yy 9 A k%
MNN 32 HaNM3ATITRVNUH MBI InsanUSuRMIdIemndoudie
a3 ndwes lnTamulugdiiimsanssauoziamia 90-95%a e
4
ﬂé’mgamﬁﬁuusaaxmu(momic force microscope)

v < P . d' . v
2NN 33 m‘wmﬂﬂﬁ’mi}ﬁﬂiiﬁuuﬁmzﬁﬂu(momic force microscope) N19%
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o o KX ad a  w Y I~{ A a
ANudUIRINIIATIARUENadaINdouTu Isaluuafifann
v
o ad
o' W Tawaraanarududu 50 ng/ w $1w9u 2 W Vusidninsa

[ 9 Y A IS a Y
glassy carbon Aauilasdremsiaeua1s¥ininla Taauuurania

Mesnedaydnuaiuazddemlumsise:
DD = deacetylation degree
MB = methylene blue
CV = cyclic voltammetry
Ip = electric current

Ipa = anodic electric current
«

Ipc = cathodic electric ¢urrent
A =ampare

E = electric potential

V  =volt

SCE = electrical scan rate (millivolt/second)

AFM = atomic force microscope

MUNNUANATTUMTITIUA I A

Woaa m‘.u")ri;!
r 25 0.0 255
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