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Thesis Effect of Chitosan on Paper Production from Bacterial

Cellulose
Student Mr. Pichpun Pongsakul
Student ID 45064559
Degree Master of Science
Program Biotechnology
Year 2007
Thesis Advisor Assoc. Prof. Duangjai Ochaikul
Thesis Co-Advisor Assoc. Prof. Dr. Nuanphan Na ranong
Thesis Co-Advisor Asst. Prof. Dr. Suparat Rukchonlatee
ABSTRACT

This research is to study the production of paper from cellulose with chitosan by
Acetobacter xylinum TISTR 976 in coconut medium, Hestrin and Schramm’s medium and
Okiyama’s medium. These cultures were mixed with different concentrations of chitosan (0-5 %
by volume) in the static condition at room temperature for 10 days. After culture, paper was
produced by various methods. Paper produced was tested for mechanical properties such as
elongation at break, Young’s modulus and tensile strength. Other properties of paper were also
tested.

Experimental results revealed that cellulose production with chitosan by A. xylinum
TISTR 976 in coconut medium produced the highest amount of cellulose. For the process of
paper production, it was found that paper produced by method No.l (boiling with 1.5% H,O,
solution) from coconut medium — cellulose with chitosan at 0.2% by volume provided the best
mechanical properties. This paper had tensile strength of 112.16 MPa and could absorb more
water, compared to the paper produced from cellulose without chitosan (control). In addition, the
water vapor permeability and oxygen gas permeability of this paper decreased 23% and 84%,

respectively.
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Cellulose

f

UDP-Glc

G6PD
uer _— (NAD)
GIP - G6P —= PGA
' G6PD Pentose
PGI (NADP) Phosphate

Pathway
Fic =t [FBP " 4 TCA

“WBP 7 emp Cycle
T 1o Fop

1PFK

3Uit 23 naziauns dans wﬁwagiaﬁclm%a Acetobacter xylinum

Glc, glucose; G6P, glucose-6-phosphate; GI1P, glucose-1-phosphate; PGA,
phosphogluconic acid; Fre, fructose; F1P, fructose-1-phosphate; FDP, fructose-1,6-
phosglucomutase; UGP, UDP-glucose pyrophosphorylase; PGH phosphoglu-comutase;
UGP, UDP-glucose pyrophorylase; G6PD, glucose-6-phosphate dehy-drogenase; PGI,
phosphoglucose isomerase; FHK, fructose hexokinase; 1 PFk,ructose-1-phosphate
kinase; FBP, fructose bis-phosphatase; PTS, phosphotransferase system; EMP, Embden-
Myerhoff pathway.
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N : Jonas LaEAMN (1998)
vq ¥ dy df . Ao =1 '
Seto HazAME (1997) 1A 1901M131800%0 CSL (com steep liquor) N3 Insailunnas
o =2 o & & Hq ¥ e
mivoulumsAnyImsaaende dcetobacter N1FHanag lad
. = Y § = I=)
Oikawa LAzAME (1995) ANYINITIAUUTO Acetobacter xylinum KU-1 TavifSouinoy
v ¥ ¥ . v
111018 D-glucose f11) D-arabitol WU31911M15100%0# 19111010 D-arabitol 1HUTuanasag Taa

¥ ¥ " ¥
11NN AD 12.4 dadniuAelanans dIUoIMITasase# 19i1n1a D-glucose W7

|ag lamiies 2 aaniuaeiianans




2.7.2 wnadlulasiou

o 1

4 o a =a Y
TulasnuiludnsinemisnilsiiddyaomanTayAn Taveaso Acerobacter xylinum
4 qv ; - (F-] o o YV -ﬁf o = - (=
Faomsdoaden hifl lulasnuiluesdsznouszinliide luaunsonSydu Ta uaznan
' = =) ui.: = a o ' = o
wraglaa 18 TasuvadluTasonunldinanifuaiseidunid iy veuluiloudaia
=] T — = ad [ =] o
((NH,),80,) uaz uen Tuilouremvla (NH,),PO,) drufiiluasdunso wu msananiniaa
o 4 =
(yeast extract) @130NAVINNUDAN (malt extract) 1 Tau (peptone) Twandlau (polypeptone)
. ¥

LIa% corn steep liquor L‘i‘.’uﬂu

Lapuz uazame (1967) Wuimsld NH,H,PO, aunsandmragladuinuuaiise1d
Tulsuanganimsldn)dTau uaz venTudioudamla vazinis 1y KNO, 1az NaNo, vz

1oy a a a o y ' =1 -

lusimsnsyaulavazmsndauuaisomag laa Wesmnnunmsiszney luasauny
A
ADLYD

Son Hong - Joo uazame (2001) Min1sAnyinaveauvaslulasiaudenisnan

== " 4 = 3/ . =
wag laannuuanize luanizwg wuo1115NUsZNoVAY com steep liquor Twatl1Tau
A a7 o g i o q ¥ a 2 & ' '
viosaaanauuvas lulasnuilinsnaaag Taswuau naglusznhaumas lulasiau
' dyd. d ar 1 PR a =]
mariivadanaiiuuraslulasnuiaiigalunswiamag loannuuaiiGolay Aceobacter
Fd

" 3 o ¢  aw

sp. A9 daums 1itloana (beef extract) UBANANA (malt extract) proteose peptone D)

U o Vet = =1 1 4 u'
tryptone L'flutmaﬂﬂmmu W11HMﬂ1SNﬁﬂL“ﬁﬁQIﬁﬂmﬂ!.l.‘]Jﬂ'Vll‘iUﬂfJu‘UNﬂ'l

2.7.3 @501
¥ ¥
1umimmumuimmxmsNammaQTaﬂveu% Acetobacter xylinum WY 03UN1TLAY
& ~ 1 Y o a a -3 ¥
msduqgansaguliensmskaaugvu1a
v
Naritomi tagnme (1998) MmsAnyIwavesemusademsnanwaglad laviye
b d 4
Acetobacter xylinum subsp. Sucrofermentans BPR3001A TueM1518891%0 CSL-Fru (com steep
liquor - fructose) MMM MDA 1Y 1uoIMI5 10 NTUABEAs WuTInauwag Taan 14
a J 7 o 4 "o = [ T w 1A =3 T
NI 46 Wodiwua uaienaasuldounin 10 nfudedns iiuls niudeansniennnil
L\ a i A ar Uy =3 = :
wudnlSnawagladi ldanas Fueniuealududimsniydula uazmslfimialuy
nIzUIUMIKAAag laannuuanGy
= Y, Ha : = a
Son Hong - Joo 1Az (2001) ANHIAMMTNIUYDUONIUDANINATIWNNMTHARA
' s v ¥ Y
g lae1as dcetobacter sp. A9 Tuanziwir luaran woinanududuvoaeniuea 1.4

/4 & |a e a aa =
wesiualTmasdedimasIiSmaaag Taaninuuaison 1dganga
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Toda lazawme (1997) ﬁﬂmmﬁwﬁmmaanﬁiuﬁmuzﬁa 1A% Acetobacter xylinum
dy d:u d' 9/ [ a a aa v = a S
1‘”91'}115lﬁU@B“ﬁﬂﬂ‘l“ﬁﬂQiﬂﬁlﬂullﬂﬁﬁﬂ]'ﬁ‘U'E]‘H IAunIRBzEANDY l'iJ WUNUNTHARLUANIIY

" ¥
g lamNuAUNIN@Y 4 117

=

2.7.4 WY

1 - " 1 c; d| o o dy ;

ALY (‘lfl‘)'E]ﬂ'Iﬂ’NiJL‘?.luﬂ‘iﬂ -ANN) nﬁu mwmmg‘lunmauwﬁa Acetobacter xylinum

" v ' ¥
ioanInAmNe M uALYDID T NIIMINE dauiuuenIni I oas imssyay Tauazons
= - 9 ar 1 @ y df Af :; ]
msuanag laganuuaiisogads dsraotlesnunsiuileouvessesmazien linunsa
A Yty
auq ldonaae
v o =2 ' A [ ' o =
Peter azAMe (2000) TdMnsAnyInaveIm ey 14r19 3.0 - 6.0 ADOATINITHARN
¥ 0
g ladue¥D Acetobacter xylinum Tuanneialaotinisnimilunat 16 Su wuins
HARGIGANTHIOY 5.0 uagiioy 4.0 dmiulior 6.0 nswaaaglaaluszozusnazd ua
s v [l s a 4 = as v A =y
wdanin 3 Tudlludadasmseannziulnd uazudswiniui 11 asnanragladee
o o 4
anasu 25 1Wodiua
Y o = a o v A
Masaoka tazAmz (1993) laWimsAnyimiswaauuaisoagladlasldide
3/ qy .4’ P 1 L3 [ =)

Acetobacter xylinum 16158114mamwamnqiﬂmi‘lmmmmsnau Tuaadier 2.5 - 7.0 lav

=1

WUNNMROY 4.0 - 6.0 iFoeunsoasuwag laa lduniiga Taomwiziniey 5.0

2.7.5 Qungil
3
MsSYAY IauaznsHanYag 1advod 150 dceobacter xylinum dulngazeylu

' b4
QUHNNTII 10 — 40 DIAUFAFUA TNMTANVINUIINGUUAT 45 DI UTATUT 10T 11150

a L) 9

a a

" =1 o a 1 & ad ¥ a a
wiydy laldua lulimsnaamag lamfadu Gguugiinmunzaudonmsnsydn lanazns
wasuarag laaoglueae 28 — 32 oarwaIdued (Lapuz HazAN. 1967)

Kouda wazAmE (2000) WUNQUHYNMHINZANABMITNIYAY TAAZNITHAR

uuanisuaag laaegluaig 25 - 35 earuyalyod

2.7.6 M3lioIma
.; o.: =S A ::i 3 = = o u’:
1Y Acetobacter xylinum Lﬂﬂl%ﬂLLUﬂ“ﬂlSUﬂﬂﬂ&ﬂﬁﬂ1ﬂ1ﬂ1‘uﬂ‘l‘il‘ﬂﬁ'iym‘uiﬂ aariulu

Aaa kY

a a A ¥ = Y A qyad 4
msnanag laannuuanGeluaniizie adslensugniaimihn hawe Iddnunlunis
FURIUUBIDINIANIN daumskan luan1azwd nie ludwmdniimsfinyoasinsiud) nie
anyuzMINIUINDRLINMALANSHARag ladnnuuAiGy

Kouda utazAmez (1997) #Anwiludaniin wuliowmishiianuniagavziilinis
v a ° ) a P - A 9 = = P
dwueandinuanad il lveendounazasluemsavadoannsniu lUde Jafsvio

- ' g W W o 4 . .
mumaﬂumuLmumaqﬂmﬁlunwuﬂ %31UNIUILDY maxblend LAY gate with turbine
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sy aerueonaau luemisasuie 1a vilinisazavveseendioulueinis
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LYYW HUURAIY

J - YV =
2.8 Uszlewrveuwaglaai ldarnmunise

2.8.1 MUBINIS
=] o v ¥ & S v o uy 3 3 o
wunimsiukduiuniawaglaai ldonnmsnidnTudwewinuiniu
1 n’z’ o o s ow 4 1 1 L) [
dailsznenvesemsnana v uaziuilundaiusiomisaie wu Juludda
' ¥ ¥
wad leansy uagfunauiwald venvintideannsmi Il aduomsiaSugunIn (healthy

a4 ] 0w Ay . w
food) Tauldlumsmuitelonazninems Funanzdmsvdndesnsaiuguimin

d
2.8.2 MUNMSUNNDNAZYATIHNITH

499 4 = yy & o & &
Tumamsuwnd Isgaglaainae ldainise Aceobacter xylinum Tavyinnisiaeauso
v ¥ " [l
Tuannziddieadharag laaduuduiu uaziwriuiui 18 19lunmssnuaumah

a v oo A 3 = Yo A 9 Yo o q 9
Aamisdutieananms lndszeed 2 uay 3 Tavldguuwanseldiuuna uazdeldlumsau
" d:’ & as ' : Y o [ = Ve w ﬂ
uautaiouazeivazaee venani lavusag Taguiangluuumswaaliiianyuiu

A 7] [ [ - ' : A [}
Eﬂ‘lﬂ'ﬁ\?ﬂi$ﬂﬁﬂm'€li“ﬁlﬂu'Jﬁﬂl,mu‘ﬂ'ﬂmﬂﬂ nouuvMans nodaanzuazvasaay

2.8.3 nIzAEAING

A a A q¥o o Y~ wad o @ A W Y A e o .
ﬂigﬂTHYINﬁﬂlWﬂ%ﬂﬂTﬁ'ﬁWﬂﬁﬂ\?HﬂﬂUﬂﬂ'ﬁ'] o ﬁﬂﬂiﬁﬂﬁu&ﬁﬂ\?ﬂj"mﬁ?qq (hlgh

' ]
o S

. . v A A Yt A w9 ¥ - oA 9, a
sonic velocity) lagApdaanaunsunIu 1Ad e W ldnumwdvsiganuiagildluniswina
o =1 o é " a a9y A9 = 1 Y ] o oo Y = ::d
nszAHA1 Indlivateria Fnazyiauveavordouanaienulyd 1wy vartaiidedonil
wa 4 [ 4 - o 4 s a ' =
aquialumsaandusuniu1d g lusaznuissialdanusaduladuiuly @y es
v v
1,500 wasANHmMNIY uasnmsinrag laainaald Acetobacter xylinum uinilunszaiy
o VA ¥ A Y a At A o VoW a - v A
d1Iwe wunide ldnSounawilszms e 1Widvagaind fanuSwidveglifion tazdall

auialumsaadossuniu lddminunszaivgilniie

2.8.4 HARNUNNITZAIY
) =) = N o & a '
iduloWuoai3 By (phenol resin fiber) n3oidulun1sueu (carbon fiber) 41 lavilnalu
o oy A o o a 3 o Y
awsoRuiunduld uadioiuwaglaaiinga 18910 Acetobacter xylinum MruMsouUEa

s 4 o 3 ) L=}

wazuadussdnnrauiluduion (binder) v ldvuzidunduld lumswdaanszaiw
4 A 91 @ =y a ] a a a o
asueumeldlumsgaduasivuazmadusag laaas lsromu)szdntnmnisgadu

a)qu::i“
M3 avY



16

2.8.5 A13IHANUHLAUAZAINAIAN
maiuwag laa9nminanluem15uee Aceobacter xylinum WEUTUNDAWDS DU
¥ a a ¢ A a w At o 9 Vv &
1 WoA iiauoaneand iNonaniagnianuudas aaznunu ilums Idanuniia

uazANUAIA lugATIMNI SO IS 01 nazIAToIdI019

2.9 'lnlaa11 (Chitosan)

@ a ] a ° aaa
In T uiluey s (derivative) wiianiiavoalndu (chitin) 189 nmsinlgasen
Aoedia¥u (deacetylation) n¥nisvianyezgaasenlyl laslalasuezilsznovdie

Tnssaframanil poly-(B-(1-4)-2-amino-D-glucose) Aoriiueo 14 da31# 2.6

CH,OH

chitin

chitosan

510 2.6 Tnsaadramaniiveslnduuaz la T

nn www.igb.fraunhofer.de

A A 3 = < 2 o 9/ A w A [
efazsunauuigniveslalamiu Sasududesiidyiiivonszdunis
$
inelgAsefezanaty Tasisonariiiia ANSYIANYoaNa (degree of deacetylation, DD)
: PR . v A =
Tavuenandunlosisus (percent degree of deacetylation : %DD) ﬂ1uﬂtvﬂﬂnﬁﬂﬂlﬂ1wﬂlﬂﬂﬂ

¥y & Y @ " aa A0 1 = =t = =
Taau1dde Fshimimsasangezaaaiinmn uaasi lalaanunldinnuuignsunn
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2.10 anvAvadlnlnau

2.10.1 anvana lilvedlalaau

as1an 2.2 autiana lveala Taau

way v
AUIA laTaasu
= ::f ¢ o 4
SIER TRL TR P RFTE 2T 2 - 10 losua
=y o o o
Usua lulasou 7-8.4 1oiHun
¥ ) 1 Aaa [ d a 4
AMNIVIANY oL BAD 110N 60 1losisua
a - = ‘; [ d o 4
1USuaudn (ash) N1 900 aar AT A0 1 nlosua
Y o
ANuviavoImsazaw la lasu 1 200 — 3000 YUANDUT
[~ o o’ @ 1 =Y
wlosiFud lanimiinaeliuins lunsa
AHa Y Y ¢ o o
HOFANUNYY 1 1105 1HUA
S 4 5 5 w
miin luanamay 1*¥10° - 5*10° A1aau

11171 : Muzzarelli (1985)
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2.10.2 auvAMsazagved lalna
a = o = ' da

TaTamuansoazaeidluaisazarunsadunidifonanaioyiia iy nsaneosiin
niAvzANN n3alwswloun niawlatin nsagaditin nsauandn n3a lwgIn NIALIAN N3A

@ = a a = y = ] o a = o
MIM3n NIATAIN uaznsauedan iesnin lalaanuiingezi ludasznawisosvllsaou
Y a n‘: = 9 = o oA = a? [
14 Asuiemmsoazaw i@ luasazaronsadunididenanatvriia uensinii ln Tnaguds

FY a = o a 1) a - a -
aunsaazawldlunsaetiunidunasia wu nia lalasaasinivenis nia luasnideis uay
4 = 19 A ¥ v ' o [ =]
nialeinaeiniioas uadesims ianudeunarmsniugielumsiazaw uaedialsn

3 } 4 .

o a £y a o ' 1w
amulunsioufaaznouvadiseafaiuduiownnnmsaza ldauysel ldimum
[ 1 9 o = = a - =1 g
uala Tnanu ldaunsaazaeIdlunsadailain msizezifala Tasudamafidusdnudain

1 : @ o = ada .
uag ln ez lazawthuazdmiazawdunioni i (Kienzle nazamz. 1982)
dauamiazawiiionld fe nsauedan iosvinnsadenalnamisauand i 14
' = = [ [ = o '
viyezii Tl lesouuan uazminsoadeiusy leoounulossuavunuandleglunsa
¥
wonunil nsauedanda liiiarelnseadreveslalawiu nidw nazsinign Suiludi

azawnlF¥nustiamIvaly
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2.10.3 anUAMInNNT U
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1 =y o & 4 - =~ a P 9 [~
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¥ = wa o a = | v 3 '
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= @ & 1 ﬂ = [ ﬂ A 1 v Y
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2.10.4 ANUHIIA
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dudansinsey 1A Tnvou¥es1 14 (Ghaouth uazame. 1992)
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v 9

¥ i ¥
(Uchida nazame. 1988) Idswaumansayau laveaso E. coli Ngnduia lddieliars lala

v ¥
o Y

¥ b4
11 NeHINUUI THUYDINANTINAABIAINATI T9N15AITDTUNATY HANISTUTINITINS 1Y
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a

Streptococcus faecium WA Fusarium oxysporum (Bell Wagne. 1998)
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o 9 o [} o o
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Decalcification ia dilute aqueous H Clsolution

Deproteination in dilute aqueous NaOH solution

Decolorization in 0.5% KMnO 4 aq. and Oxalic acid aq. or sunshine

( Chitin )

OH OH
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0 (1] 0 o
H HO
NHAG NHAC NHAC NHAG .
o e X |

Deacetylation in Aot concentrated NaOH solution (40-50%)
( Chitosan )
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3.5.6.3 ANBAATVOII
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tensile strain

tensile stress = tensile force

area of cross — section

= Mg/A (2)

|
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= 1/L (3)
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E = (Mg/A)/ (1/L) (4)
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ﬂgiﬂﬁ(glucosc) 20 N3Y
ﬁ1§ﬁﬁﬂ%1ﬂ§ﬁﬁ(yeast extract) 5 n5u
1 Tau (peptone) 5 N5u

laTamdow 1o Tasunoaa(Na,HPO,) 2.7 N3y
NIALATN (citric acid) 1.2 iadans

v

HInau 1,000 Uaaans

3. 2IM13gATVDY Okiyama

miﬂﬁﬁ (sucrose) 100 N3U
Msanandan 5 N3
(NH,),SO, 5 Au
KH,PO, 3 N3
MgSO,.7H,0 0.2 NU

¥ '
1INAY 1,000 uaaans



4. D113 Acetobacter agar
nglaa
wou lanloyaama
1w Tau
nglnd
aIARANNDAA
Yy
M
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WInau

@5aza1u A

713092019 B
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2 N5Y
17 nu

1.000 ianans

5 {a0ang

msazaw A - laTunadon lalasnudema (K HPO,) 50 n3u Tnunaidonlalalasion

¥ '
Womwa (KH,PO,) 50 n3u uaziindu 500 Hadans wau iy

msazaiw B uunfiFoudamaelaz lansn (Mgs0,.7H,0) 1 n5u Tadvunas'lss (NaCl)

1 N3y mesagamla (FeS0O,) 1 niy uamiadamamasilamsn 1 n3u nia

Y '
laTasnaosnitudu (HCD) 1 iadans uazinau 500 daaans wanliiddu

o 4 § 4 a 4 [ L
osnngasth llilssiudefiguvnil 121 essuaaidon w15 Jouano

¥
AT U ﬁ‘]unm 15U
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= d
M INIIZHAN TR

=Y

¥
- Lol aa = =
A1 .1 Wﬂﬂﬁ’JLﬂ§1$Hﬂ1‘ﬂ1~3ﬁﬂﬂ“{lﬂﬂﬂﬁm3ﬂJQLLa;’ﬂ'lﬁNﬁﬂ!"]ﬁﬁgiﬁﬁﬂ]ﬂil%ﬂ Acetobacter

xylinum TISTR 976

ANOVA
Dependent Variable: Weight
Source Type IIT Sum df Mean Square F Sig. Partial Eta
of Squares Squared
Corrected 180.424 5 36.085 522.213 .000 995
Model
Intercept 721.620 1 721.620 10443.127 .000 999
Day 180.424 5 36.085 522213 .000 .995
Error .829 12 6.910E-02
Total 902.874 18
Corrected 181.254 17
Total

a R Squared = .995 (Adjusted R Squared = .994)
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Vvt
Duncan
Subset
Day N
1 2 3 4 5
2 3 1.3700
4 3 3.2600
6 3 5.8300
8 3 8.1600
10 3 9.6400
12 3 9.7300
Sig. 1.000 1.000 1.000 1.000 .682

Means for groups in homogeneous subsets are displayed. Based on Type 11l Sum of Squares The
error term is Mean Square(Error) = 6.910E-02.
a Uses Harmonic Mean Sample Size = 3.000.

b Alpha =.05.

= o aa { =
M1919 V.2 Hﬁfﬂﬁ'leﬂi1$ﬂﬂ1ﬂ1dﬂﬂﬂﬂ8\1ﬂ?1m‘ﬁﬂ“ﬁluﬂﬂﬁﬂﬁﬂ:ﬂ'ltl"lﬂiﬂﬁlf“‘lﬁi.ﬂﬂiu'ﬂTH'I‘i

¥ ' 14
gasvimenimondn  waglaalauie Aceobacter xylinum TISTR 976

ANOVA
Dependent Variable: Weight
Type Il Sum Partial Eta
Source df Mean Square E Sig.
of Squares Squared
Corrected
3.320 13 .255 255.029 .000 992
Model
Intercept 10.778 1 10.778 10764.608 .000 997
Chitosan 3.320 13 255 255.029 000 992
Error 2.804E-02 28 1.001E-03
Total 14.126 42
Corrected
3.348 41
Total

a R Squared = .992 (Adjusted R Squared = .988)
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Chitosan

Subset

1 2 3 4

30.0

.108400

20.0

.160200

.160200

10.0

187400

4.0

260600

3.0

.274100

5.0

287267

2.0

.342800

0.8

738400

1.0

.742400

0.6

.763800

763800

0.2

784200

784200

784200

0.1

.805700

.805700

0.4

812600

812600

0.0

.824300

Sig.

.055 301 339 1.000

A15

.094

167

Means for groups in homogencous subsets are displayed. Based on Type III Sum of Squares The

error term is Mean Square(Error) = 1.001E-03.

a Uses Harmonic Mean Sample Size = 3.000.

b Alpha = .05.
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M5 U3 WS IRIEHAMadavesgasosiimnzanlumswinrag laa Taoido

' o = 3 Y
Acetobacter xylinum TISTR 976 5’mm_i”lﬂTmcﬁ1uwﬂa1wwmumm

ANOVA

Dependent Variable: Weight

Type Il Sum Partial Eta
Source df Mean Square F Sig.
of Squares Squared
Corrected
3.210 32 100 85.115 .000 976
Model
Intercept 37.595 1 37.595 31901.097 .000 998
Formula *
3.210 32 100 85.115 .000 976
Chitosan
Error 7.778E-02 66 1.178E-03
Total 40.883 99
Corrected
3.288 98
Total

a R Squared = .976 (Adjusted R Squared = .965)




Duncan

UK

Formula *

Chitosan

Subset

1

10

Hestrin 5.0

248733

nata 4.0

.282700

.282700

nata 3.0

327867

327867

nata 5.0

.349767

Hestrin 4.0

353467

Hestrin 3.0

354467

nata 2.0

356267

Hestrin 2.0

384367

Hestrin .4

595467

Hestrin .8

596100

596100

Hestrin .1

.608233

.608233

.608233

Hestrin 1.0

609167

609167

609167

Hestrin 0

621233

621233

621233

621233

pL



Formula * Subset
Chitosan 4 5 6 i 8 9 10
Hestrin .2 .624633 .624633 624633 624633
Hestrin .6 630267 630267 630267 630267
Okiyama 0 .652333 .652333 652333 652333 .652333
Okiyama .1 658967 .658967 658967 658967 658967
Okiyama .4 661533 661533 661533 661533
Okiyama .2 671233 671233 671233
Okiyama 4.0 675133 675133
Okiyama 5.0 679333 .679333
Okiyama .6 695833
Okiyama 1.0 696467
Okiyama 2.0 701233
Okiyama 3.0 .706300
Okiyama .8 713700
nata .8 797600
nata 1.0 808100 | .808100
nata .6 828533 | .828533

SL



Formula * Subset

Chitosan 1 2 3 4 5 6 7 8 9 10
nata .2 .849933 | 849933
nata .4 857633 | .857633
nata .| .869067
nata 0 870133

Sig. 230 112 .081 058 .050 060 083 .071 059 .055
Means for groups in homogeneous subsets are displayed. Based on Type IIl Sum of Squares The error term is Mean Square(Error) = 1.178E-03.

a Uses Harmonic Mean Sample Size = 3.000.

b Alpha = .05.

9L
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a il aa " - = P |
15719 V.4 NﬁfﬂS'JLﬂ'i131’1??’]1’11\1ﬁﬂﬂﬂlﬂﬂﬂ1ﬂ?1ﬂll%\uliﬂﬁ&ﬂﬂﬂﬂ‘i$ﬂ1‘klﬂﬂﬂﬂ‘lﬂﬂ3ﬁﬁ I uag

131 2 iionaumsazatwla laanuanududuaieg luemsgasimenin

¥ 1 =1 =3
AN YD MANWLUILTIAT (UANLWIFAD)
TaTaauailesidud) T 1 359 2
0 78.34 £6.76 51.32+8.67
0.1 70.98 £ 2.37 58.73 £ 14.17
0.2 112,16:+5.59 68.26 + 17.09
0.4 68.80 + 7.00 62.62 + 10.02
0.6 69.68 +2.97 50.00 + 3.56
0.8 75.16 £6.27 47.83 £8.74
1.0 60.84 + 3.96 62.39 +4.31]
ANOVA
Dependent Variable: Tensile strength
Type III Sum
Source df Mean Square F Sig.
of Squares
Corrected
33271.709 13 2559.362 28.981 .000
Model
Intercept 626410.134 1 626410.134 7093.091 .000
Method *
33271.709 13 2559.362 28.981 .000
Chitosan
Error 11127.402 126 88.313
Total 670809.245 140
Corrected Total| 44399.110 139

a R Squared = .749 (Adjusted R Squared = .724)




MANHUTINTIA

Duncan
Method * Subset
N
Chitosan ] 2 3 4 5 6 7 8
nilobol A 0.8 10 47.8310
nilobol A 0.6 10 49.4980
nilobol A 0 10 51.3220 51.3220
nilobol A 0.1 10 58.7340 58.7340
duangjai A 1.0 10 60.8350 60.8350
nilobol A 1.0 10 62.3850 62.3850 62.3850
nilobol A 0.4 10 62.6210 62.6210 62.6210
nilobol A 0.2 10 68.2550 68.2550 68.2550
duangjai A 0.4 10 68.8000 68.8000 68.8000
duangjai A 0.6 10 69.6770 69.6770 69.6770 69.6770
duangjai A 0.1 10 70.9010 70.9010 70.9010
duangjai A 0.8 10 75.1150 75.1150
duangjai A 0 10 78.3350
duangjai A 0.2 10 112.1600
Sig. 439 .080 407 .067 078 151 061 1.000

8L



Means for groups in homogeneous subsets are displayed. Based on Type III Sum of Squares The error term is Mean Squarc(Error) = 88.313.
a Uses Harmonic Mean Sample Size = 10.000.

b Alpha = .05.

6L
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=

n2

Aty v AMUDAATVDITI (IUNNEWIAAIA)
TaTaaumlosidud) 39 1 359 2

0 5409.86 + 834.34 4841.35 + 785.54
0.1 6395.00 £ 963.98 5869.53 £ 923.62
0.2 5590.97 = 507.76 4351.59 + 853.33
0.4 6110.53 £493.26 5719.34 £ 666.96
0.6 5819.79 + 563.89 4333.47 £ 624.24
0.8 6626.25 + 423.30 5362.23 + 757.18
1.0 6199.21 + 640.51 4537.88+ 348.93

ANOVA
Dependent Variable: Young’s modulus
Type 111 Sum of]
Source df Mean Square F Sig.
Squares
Corrected
70865162.738 13 5451166.364 7.762 .000
Model
4242683461.82 4242683461.82
Intercept 1 6041.370 .000
4 4
Method *
70865162.738 13 5451166.364 7.762 000
Chitosan
Error 88486234.624 126 702271.703
4402034859.18
Total 140
6
Corrected Total|159351397.363 139

a R Squared = .445 (Adjusted R Squared = .387)
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MNOQATVDIL
Duncan
Method * Subset
N
Chitosan 1 2 3 4 <]

nilobol A 0.6 10 4333.4700

nilobol A 0.2 10 4351.5870

nilobol A 1.0 10 4537.3790

nilobol A 0 10 4841.3450 4841.3450 ﬁ

nilobol A 0.8 10 5362.2220 | 5362.2220

duangjai A 0 10 5409.3560 | 5409.3560
duangjar A 0.2 10 5590.9630 | 5590.9630 | 5590.9630

nilobol A 0.4 10 57193370 5719.3370 5719.3370
duangjai A 0.6 10 5819.7910 | 5819.7910 | 5819.7910
nilobol A 0.1 10 5869.5200 | 5869.5200 | 5869.5200
duangjai A 0.4 10 6109.8480 | 6109.8480 | 6109.8480
duangjai A 1.0 10 6199.2130 | 6199.2130 | 6199.2130
duangjai A 0.1 10 6394.9980 | 6394.9980
duangjai A 0.8 10 6530.7890
Sig. 222 069 .057 .065 .063

Means for groups in homogencous subsets are displayed. Based on Type 11l Sum of Squares The
crror term 1s Mean Square(Error) = 702271.703.
a Uses Harmonic Mean Sample Size = 10.000.

b Alpha = .05.



M54 0.6 HAMTUATIZHATNIADAVDIAINTEN D1 JANIAVDINTZANHANDINATA | LALTTh 2

wengumsazatelnla ;uanududumag luemisgastimenin

— Ammsta o yaa (esidug)
TaTaanulosidud) Wi 3572
0 2.30 £ 0.64 1.59 £ 0.49
0.1 1.39+0.19 1.57 +0.37
0.2 3.51+£0.37 2.19+£0.31
0.4 1.56 + 0.31 1.29+0.27
0.6 171 £0.29 1.80 +0.34
0.8 1.46 £0.22 1.37 £0.30
1.0 1.36 £ 0.18 1.70 +£ 0.23
ANOVA
Dependent Variable: Elongation at break
Type III Sum of
Source df Mean Square F Sig.
Squares
Corrected Model 44314 13 3.409 15.648 .000
Intercept 434.122 1 434.122 1992.807 .000
Method *
44314 13 3.409 15.648 .000
Chitosan
Error 27.448 126 218
Total 505.884 140
Corrected Total 71.763 139

a R Squared = .618 (Adjusted R Squared = .578)
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Duncan
Method * Subset
N
Chitosan 1 2 3 -4 )
nilobol A 0.4 10 1.2860
duangjai A 1.0 10 1.3570 1.3570
nilobol A 0.8 10 1.3660 1.3660
duangjai A 0.1 10 1.3830 1.3830
duangjai A 0.8 N TO 1.4520 1.4520
duangjar A 0.4 10 1.5560 1.5560
nilobol A 0.1 10 1.5690 1.5690
nilobol A 0 10 1.5900 1.5900
nilobol A 1.0 10 1.6010 1.6010
duangjai A 0.6 10 1.7050 1.7050
nilobol A 0.6 10 1.7970 1.7970
nilobol A 0.2 10 2.1870 2.1870
duangjai A 0 10 2.3000
duangjai A 0.2 10 3.5040
Sig. .096 079 .064 .589 1.000

Means for groups in homogencous subsets are displayed. Based on Type 111 Sum of Squares The

error term is Mean Square(Error) = .218.

a Uses Harmonic Mean Sample Size = 10.000.

b Alpha = .05,




a ' aa ' =1 a4 a ad A ad A
AN V.7 NﬂﬂTﬁ'Jl.ﬂi'lS'ﬁﬂ1ﬂ1ﬁﬁﬂﬂ‘!fflﬂﬂ1ﬂ'ﬂml‘llﬂlﬁQaﬂﬂlﬂ\ﬁﬂigﬂ’lﬁ‘ﬂﬂﬁﬂinﬂ'lﬁﬂ I 150 3

A A o VoY < o o 2,
uaz 350 4 uazray msazaw lnTasunnududu 0.2 nlosigud luemsgasii
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¥
=NIT)
O A TITY AU (unnzwama)
Talamuaofidud) el sl o 534 4
0 78.34+6.76 64.21 + 7.00 75.92 +10.31
0.2 112.16 £ 5.59 73.55+9.47 83.68 + 8.64
ANOVA
Dependent Variable: Tensile strength
Type III Sum of
Source df Mean Square F Sig.
Squares
Corrected
13478.074 5 2695.615 43.684 .000

Model

Intercept 396674.087 1 396674.087 6428.390 .000
Method *

13478.074 5 2695.615 43.684 .000

Chitosan

Error 3332.156 54 61.707

Total 413484.317 60

Corrected Total | 16810.230 59

a R Squared = .802 (Adjusted R Squared = .783)
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Duncan
Method * | Subset
N
Chitosan 1 2 3 4
method 3 A 0 10 64.2120
method 3 A 0.2 10 73.5520
method 4 A 0 10 75.9170
duangjai A 0 10 78.3350 78.3350
method 4 A 0.2 10 83.6810
duangjai A 0.2 10 112.1600
Sig. 1.000 205 134 1.000

Means for groups in homogeneous subsets are displayed. Based on Type Il Sum of Squares The
error term is Mean Square(Error) = 61.707.
a Uses Harmonic Mean Sample Size = 10.000.,

b Alpha = .05.

adt A

M .8 HANTIATIZHAMNATAYDIMNDAIAYDITIVRINTEMTNAAINITN | T37 3 nag

¥
° S

add LT, ¢ 3 o
1N 4 1!ﬁ$N'ﬂ'llﬁ'l‘iﬂxﬁ']tl‘lﬂjﬂ"HWUﬂ'J'}lll‘ilJJ‘lJu 0.2 Lﬂ@'ﬁl"ﬁuﬂﬂluﬂ'lﬁ']ﬁ’CIGHu11l$W5'|1

At uduues AUOAAAVDITI (LUNNTWITAIA)
o o o ] v I
TaTasuaosiaug) 1 359 3 559 4
0 5409.36 + 834.34 5196.27 + 661.25 5450.29 + 735.01

0.2 5590.97 + 507.76 6041.57 £ 515.52 5431.34 £ 740.34
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ANOVA
Dependent Variable: Young’s modulus
Type I Sum of
Source df Mean Square F Sig.
Squares
Corrected Model| 4068376.485 5 813675.297 1.580 181
Intercept 1828200484.876 1 1828200484.876]  3549.945 .000
Method *
4068376.485 5 813675.297 1.580 81
Chitosan
Error 27809680.949 54 514994.092
Total 1860078542.310 60
Corrected Total | 31878057.434 59

a R Squared = .128 (Adjusted R Squared = .047)

MNBAT TV
Duncan

METHOD * Subset

CHITOSAN N 1 2

method 3 A 0 10 5196.2710

duangjai A 0 10 5409.3560 5409.3560
method 4 A 0.2 10 5431.3390 5431.3390
method 4 A 0 10 5450.2850 5450.2850
duangjai A 0.2 10 5590.9630 5590.9630
method 3 A 0.2 10 6041.5730

Sig. 282 083

Means for groups in homogencous subsets are displayed. Based on Type I1I Sum of Squares The

error term is Mean Square(Error) = 514994.092.

a Uses Harmonic Mean Sample Size = 10.000. b Alpha = .05.
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uaz 350 4 uazwaumsazanwlalanuanududu 0.2 nlesidudluamsgasi
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ALY MM3oa w1 3919 (asisua)
o o o ] ' ]
IaTasulodigud) 31 33 3 3574
0 2.30+0.64 1.41 £0.15 1.91 £ 0.45
0.2 3.51 £0.37 1.56 £ 0.20 222+033
ANOVA
Dependent Variable: Elongation at break
Type I1I Sum of
Source df Mean Square F Sig.
Squares
Corrected Model 28.146 S 5.629 27.784 .000
Intercept 2717.307 1 277.307 1368.700 .000
Method *
28.146 5 5.629 27.784 .000
Chitosan
Error 10.941 54 203
Total 316.394 60
Corrected Total 39.086 59

a R Squared = .720 (Adjusted R Squared = .694)
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Duncan
Method * Subset
N
Chitosan | 2 3 4
method 3 A 0 10 1.4140
method 3 A 0.2 10 1.5570 1.5570
method 4 A 0 10 1.9040 1.9040
method 4 A 0.2 10 2.2200
duangjai A 0 10 2.3000
duangjai A 0.2 10 3.5040
Sig. 481 .090 067 1.000

Means for groups in homogeneous subsets are displayed. Based on Type Il Sum of Squares The

error term is Mean Square(Error) = .203.

a Uses Harmonic Mean Sample Size = 10.000.

b Alpha = .05.
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