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ABSTRACT

Modification-of rice flour by propyltrimethoxysilane or tetragthoxysilane using single
screw extruder was studied. Correlation between process variables, namely, total moisture
contents of flour (13, 16,19, 22"and 25:%), barrel températurés (140, 150, 160, 170 and 180 °C),
reagent concentrations (0.0025, 0.0075; 0.0125, 0.0175 and €.0225 mole/mole stareh(db.) in case
of propyltrimethoxysilane or 0.0125, 0.0250, 0.0375, 0.0500 and 0.0625 mele/mole starch(db.)
in case ol tetracthoxysilane) and serew speeds (130,155, 180, 205 and 230 pm) and the
propertics of modified rice flour, i.c. response angle, floating property. degree of substitution
(DS) and Brabender viscoamylogram were calculated using the central composite rotatable design
of the response surface methodology (RSM). It was found that the optimum concentration of
propyltrimethoxysilane “was’ 0.0391 ‘mole/mole starch(db), barrel temperature’ was 152°C and
screw speed was 207 rpm. Modification of rice flour by tetracthexysilane did not show any
correlation between properties of modified flour and process variables. Effect of modification
and glycerol concentration on film properties were also studied. To make the film, ratio of flour
to distilled water was 1 : 10 and.concentrations-of glycerol added were 10 and 15% on flour (db.)
[t was found that the modified rice starch film with 10% glycerol showed the maximum tensile
strength of 0.915 kgf/mm.: , the elongation of 2.875% and the minimum water vapor permeability

of 89.49 g/m.” 24 hr.
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mnan 2.2 guaudandaliudisdands luannzmanaa Tasliuas il

ASZUIUNTS Response aulANIanuA? Usuuganou FAUMIUNUA
angle #FTu9) Hadniuao
('} BT GREE YR
14411 (wet) 40.0 > 24 0.0374 0.00216
‘lﬂ‘l%ﬁyudry) 60.6 <025 0.0395 0.00229
utlasssuand 60.8 . - -
(native starch)

111 : Huangrak (1995)

o ¢
2.3 'laau nazeyWusvadlaau
o : ar ' o w -
99511 11 lmau (organosilane) dlungueesassznotenin Tuwiadn
1 lé = = e

(orgonomettalic compound)” ¥04519MYy 1V &1 uluanarzlioznouvossansmiluununai

¥ oo
WunzRIaynnznopdanouzAonIngus1e o ilnssriedhn ¥ R -si- X, ., Tao X
wilumiignlalasled Moeda aTamn eziily wio mydanond  wugh R ilumy
Talasmsuonmdeunenusndanen dar v iluniiledsn 1dug 02Ty Snend laila

- - e & L3 = AR 9 = aaa o w = i

wouny Ianiowmozaian Fouhmwhidudne Iifadissmaniiduasnanadua q

msdsznevvesensm Tu laauivuilsiguanifiduie  daunshanldlss Tomnd
Tudgaamassundy wes 1Ailumisyjudadu@ane nszam uazwanadn iiloann
auaniian hivewi awrnswdnumssunssdesiinazannsanizda  nieo1nldms
dsznovenim ' lsaushuihntlud1se e (coupling agents)  Iaomsweuduszning
msszaoudunidnazeiunifluimgaamassudnn 1 Miiumsigislumsinizda
Jaqgaiuia  auilddmiumantiow smwfinissuljedniTelal (theology) nazms

munuauiAaFna uazde Indh
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Ufifse nienalnvesmsilsznoueeimTulmausuudls utesnifiu 4 Sunoude
1. lglaslada  mslaaen (silanols) sﬁﬂi{umnms'lcmauﬁmaﬁ?mﬁ'uﬁvﬂﬂaﬁ
ausalfise
H,0
YR M e AR GO ST R
catalyst
i 22 U§5nlelasladasenhams o
ﬁll‘l : Peeters er al. (1990)
2. nouietiwdy Wul§Atnmsaanmitvesss lyaea Angaydvihoonti

m3)szinnTed Inwesn T Tamm (oligomeric siloxancs)
Y -R-Si—-OH + HO-SI=R AV~ I V=R -Si-0=S1- R-Y + H.O

JUN 23 UfdTonoummadivesss lanea

U1 : Peeters et al. (1990)

3. - mufaiuselalasiou Wudfitoveimaiaiusslalasmuiznieesled

Tnues (oligomers) Ay lansonda (hydroxyl group) ¥oautls

R R R OH OH OH R R R

HO—éi—0~ Sli—O—SEi—-OH+ I l I p HO- Sli—O—Sli—O—éi-OH
du du om e

Fxp

B HH - HH
PN S, YR
O 0] 0O

Prad |

U 2.4 maifanuselalasnuvesas Iy Tamuduny lensondaveaudls

W1 : Peeters et al. (1990)
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a o o aan a o '
4. MRyt Inauaus il §iSevesnsifiaiuse Tnauauiszn g
- a o L @ o " ) ' a '
Fanouniduosddsznovvosas laTawus wdafum leasendaodramiivaunivluang

Alon niouds

R R =R -nH,0

0 /o

H B H HH
N 7 N\ T
0 6] 0]

3N 2.5 mufiaiuse Invvaun lasdfasoudeniyg

R

é, = s {:
HO-Si-0- Si-0-Si—-0H PSR HO -Si-0-

|

0]

W7 : Peeters et al. (1990)

4 ' o ar = ;
lasandsa Tnanaszneudsunquaaels oeiily unzdanonda (chloro, amino, and
alkoxyl group) amnsadgisviesinanusiungy leasongavesluanaanisyld lag
1 L ! é 1 - as J oo ﬂ'
nquaae lsilunquidhdoUfiomniiqa  hul§fseazinsunmesaenlslasouuy

Tuagaaaiy fansalelasnaein uonTudiv uieneaneeed (Ker and Hobbs. 1953)

& Y a »
2.4 NITUIUNMIONBNFVU (Extrusion process)
g & g =1 ™ Y a 1
NITUIUNITBNTNFFY (extrusion process) WA NIzUIUMTI IMIAaz519Tan

L ~

o 4 . s A ' 4 1
mitsauiagauid Inansamdeud lunwldannzmsoviiansonadmileeds il
dnuaiEniia vgu MHEIMAUNAIAAN (plasticized material) LAIATAFUMIMTMYaY (die)

i y =t = - | a
dluzdireeenin TaunsesfionlfiFonds iBnanginod (extruder)
. v ¥ ¥
Bndngaes  (extruder)  iumToednsiineunoumIHAanasTURoUaglY
. o o o o o L4 1 A - d 4
nFelnaAeIiu  dudndngmeivsznoududiuunvesangifiinderniades damunin
b d "
nyuldTassounioluvesninnisnszuenmiandisa (amel)  dauvosangiazimiii
0 @ = ' -t 1 9 Af i e 4 9 1 ' 4'4
dudseiagAvnguiniios  duanuenvesangidh luhuidefsialundisaldessdeiios
[ Y a S = o & = ¥ = a’: - =
mlvnansnau (mixing) N13UUDA (compression) UAZINANNUITOUIIVUAN (cooking) U
- a w a s d o @
MINUANRUNYT ANWAN SATIMIIAALIUROY (shear forces) YBINTTVIUMIIDATNFU

~ ' 1 A o ' ) > & ﬂ -
ﬁu1uﬂqﬂ%zw1uﬂfaﬂtﬁﬂﬁi?)‘t’ll,iﬂﬂ’n H‘I.ﬂuﬂﬁu (die) ®9NNT 9L NQQﬁuq@MﬂQﬂiguquﬂ.ﬁ
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¥
o

=1 a o d
ponuUuNAAI (extrudate) IRz aufindasuahiuiuoenunen

Aoy 4 =
INTOUDNTNGIADT R INIUN 2.6

b f | coots  HeaTinG
'1 T A '|r JACKET JACKST PRESSURE
STEAM 'MTE:\ N | TRANSDUZER
3 i Eocous. 5 [ /
S Va
! B e - DISCHARGE
:R;chﬁf ,' ”"..\...\..a._....r_«_:--m ,.',‘ THERMOCOUPLE
< [, i—'-r—\y—-_,---.'-—’-,.,,._.,_. -.
THRUST BEARING s e IS gREAKER
i PLATE
{l -GROCVED
L/ | TTSeCrioN T SEciioN BARREL
S SCREW WITH INCREASING
AOQT DIAMETER

37 2,6 auisznevvaunToudnampaniviiaany@e,

ﬁm : 'Moore (1994)

msdausudlshiheztumumeamenmuiomunii Taslénszuaumsidndngdu
' ] ¥
e Nazwanoyuguewtisae g wuh Sdeddquining o1f anazlumslduSuani
- -é’ ° ° 9= Saa 1 ¥ V1 1A
niondudE mansam Imnal§nsedeng Tagnismanisuuazmana ldethadeios uaz
[ = n’: oan ' a a Ag A od o o J tar @
l¥svoznmlumandnduas. dffsnmeifavylunsendndnpaefsziuegiuiuau
s P [y i = o o = ol 9/ ore ar - o [
dunlsiinvidesiunieudnangmeiuazmsilinesfinudoduiagay  ded1e0ms
Uszianudle o ndadridend udoiudds dudu  diefloudrginioudnangines
ot = 4 a e oﬁ 3
Tuanngiiimaniuguiimanauiy uozgungi-disudltezuin gmi wiewisiinisuan

o A ) o - @ =
uaNI¥IANTENIL00N 103N IATuNsuRow  Awaaslugii 2.7



o~ ¥
Sainneuanad  WITIVUNATNRAISUN
| | : | 1T

Damaged Free starch
92§5 polymers
g

Mochaanical =4
/ Molstum Shear ka Shear
Heat Heat

@@ Mmstun @ Heat g &a{lﬁ%ﬁ

Starch Gelatinized Dextrinized
granules starch starch

Uh 27 gpluvviaesesmsiduanmuotiluszniuniyyiumadndngdu

M1 : Heldman and Hartel (1997)

Meuser and Grimmler (1989) Idieruejuuudiaosmsdimsiziazun duaaslugli
28 Fueneds ATLAITE NS R0 YT LY T I HAR (process parameter) 9
sadannzlouluvosmseiauazgasnsHaatum s SmoivessE U KA (system
parameter) 1Pun  Amdaunasuwie (specific. mechanical energy ; SME) @mﬂﬂﬁ'um
naﬁmmm Lay zuwnamwaﬁﬂmmagimmmmnmmmm (residence time distribution) B
synhanniligeivesrzuunsHaafuw I eTue IR auTARARA T IABINT (target
parameter) WA sgAumsHalftounsgednvarmalrsmmdudiavewaasusin 1den

4% I o
ﬂ‘i&’ﬂ?uﬂﬁiﬂﬂ“}m?ﬁu

40104
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—» jluvuvesnsiin [ e—————» asalAsunlami
Uz Tasaards
usufu usaiion , ANuwile mudoglveusiautls
NITUHNTEVIBUDINAIIN msgayduiuse lalasiou
upzUBZINAUN
UfATonmimeand
W15 linosves ——> Wniliaoives - —» mninesvonm C—J
nszvaumanda | YTl senumsndn 2= At st
X Y z
ANMITITOUANg Wi muFanaves MIazaY
YSinants wansins lasamiziladh 1y Arwnile
CEIILGRITR TS WAMMFIR VNS OWRIE.  szAUMTIAReaIA lud
ORI IUN1IDAVDIAN] Aldigialy N103IN1INDIA?
viadusIguina ey szasmnly

wimnlay
Ui 28 pluuudmemsinsisiszuunsruaunisidngniduse il

11 : Meuser and Gimmler (1989)

ANANUN AT Iz AU FURU 52 1 1IN 1TIADS VB I5E UL HER 1ay
a ¢ & P a = P
winiimeivoamimiing © dnzifvrdestununldsuphiavetnaasusilunszuaums

- L o ' 4 & ¥ a “ o
nangiu musadnldonaiuemoin (orque) Fuiltiusammmisia wionyudang
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B o o s 7 4 s e s
lunsoudnamymei Tavszduiusnuanuiiioy dasimstleu uazanunilafnaiuves

a o

nandmuailusgndniesvesany  msiuanusisenvesangsziinaiIifiivewssiaan
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Moore  (1994) &S wmndunlsiifvadestuniswialasindoudndngines 13

2 nqulng fie
241 dwlinnnrdestunioaudnamyinesild  1dun

o [ 1 = [ o - '
24.1.1 mmiEseuangdn  uduiimdunauvesagau i
4 1 n’: o a a 3 ar
Wl hunies Tassenhniuselinmsuanmnaal¥ingaudansrauiuifodorsy  wos

= [ 2 a a J a 3/ 2 ° Y a
wausedn  usadou  mamfeudifiavusudumsldanudounnniosilfifamsqnues

1ilq

= A A g o o '
24.1.2-gunginwlunies mseudndnginesinisuinisi¥ai
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Y ThE " il 4 o 1
ounnagaveondu 3 Tou Ao Fasiinila Huvaaiiliarindowiodusudunauues
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IngAu Peiiaes gunpinldezdosgeiumeltfnaqAusufansgruasiamsnlfouaniw
= adayd 0 g We - ' . = & a
uazluarshmn guuglinldiiussfovh I iagaugnesauysal tioamm/Siautlsfiaa

19077 IHFLHAR DN IS NHOIH AL ANURSUDIN AR BIT
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24,13 . Ban)munsoaednng milausBagesiinai i ingay
-~ W " o ' W o Fig ' red A A A ar 3 3 o &
mAM I AL e ndms las 8afidind) windsadoio 03 esns aa i samudy

(1099 ININAANUUANA VDI NTUA LN

2314 wnavesmiulay duduilsznougaiiuiinesininies

' e ] o 4 Y & o - - W Y o o A o o
aflumumummsmma I‘WE]THNﬂﬁﬂmmgﬂﬂﬂﬂiﬂ‘l}ﬂ@ﬂﬂu’l HUINTINTYAD N1TVINANIT

Inanazihlindnduaiigiewie q mudodns
242 dnlsinoadesnuiagay 1Aun

2421 danlsznenvesiaghy sssumduazesdisznouvesing
a R - ar df -t o o ' @ a o o
au lhud udls Tdsu Tuli wasarmdn szliummididgdoqudnyazvowansaaii
ponunnnseudndngmes Tz ludussflsznevveaudlasziinadonsnesdaves
a o o =
HAAAMNIINNTA

o o

¥
2.4.2.2 anuduveIianay Tunszurumsnanszdnaiinissine

a
. ¥

- 4’ ! o a - = ! t e g
Yinannusuludmmeuvesingdivdis  ilesnnlSuuanuduiinadesniinisneada
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2423 wwmoymavesingdy  Iagaufigniloudrginioudnang

"
=

o d ' = o
mmﬁnmu;ﬁtmu ﬂ?ﬂ‘llu'lﬂlﬁﬂﬂuﬁ\?‘!m']ﬂﬂlﬂﬂlu ﬁ55”‘51%&!33”1\!1@%830Hﬂ1ﬂﬂ]8ﬂ'3ﬁﬂﬂﬂ'ﬂ

b

h.

HoufiunumdigyluSosnszuiumsndn tozqunmvosndndusiald iHipanIneymai
o ' a o" o ' . 1 ° a 4 o a
anndezgadh Iz ndheymailng  Tohldnsdans/asunlaseyninvosiagi

i
Wuveslnald e

o b v 9/ d
2.5 mavutlahaddaudsinlddsslesilumsadausyuila
ar - o = 4 or ar
uledautiu InGuesnedinm (biopolymer) tiio 185uadauidiautlinwosdauay
[ ¥ [
davadlud Husahildifansnszawdvesnoassedveatlsiguihld  dlevinniugy
o { =1 3 -y - -
WuRduud i it 1ddunnutls | Aduiwdoduenidmsviademionaosila
o o as ' ¥ ) o
s lanhaanvuziauvesmsuaazvinnl4iss Townd
mswsouilduazdesiiosilsenauid e 2 daufe (Mchuge and Krochta, 1994)
(] o - 1 o =
L. e Infiues (polymer) vedmvhindudauimldinalnseadis (structure)
3 o fd i a B ¥ o
vosildy  Tavirlilduiaduenmsiszneufidlu Indwes ifdwnin lmanagqe  waedl
Tnsanhathuduassom Infmosfannsod liinawan1da — 1dud Twduaanlsd
(polysaccharide)
2. daunmad Imwes (plasticizer) Wudnwddnumsndaildy maduasll
- Ve | ey a1 9 e o & = = & o
wolhifanduilan 1ddinsdounsuzgumianiuanin | Fallaunaunanussfagadd
' a s q Y& & A m e d ' e~ ! o 3 0 q ¥
wnszrhelmana nsiesi iddulinomtiongud  duuaziinnuseudi azdoailiuse
" = e s ' a ar .’: = o2 ﬂ e wal) 1
sgninluanalwaweifeglndiusoudy  Aniuwandd lanvesSailuansiiiguaunial
a & | @ . 7, P A a a e
suve Hyadeagy luusnatesnvinosntdssneudy 9 uaziloduwaiad lmaesasl
v b
wnldsunlasguanianunmenmuasiFinavesmsiuuasnuamtiasnna naansotesiu
Y - L 1 o e ¢ o
N13UONAIDDNNIVDINAIEE Lies IusenIems i alan Tumsimsoulaun 1dan
Twdwef Taghifims ldwaad tmaedsmdroes IdWauMszun  iosnnanad laaed
929900AUI0ATUIZN I TIANA (intermolecule force)  s¥HINmIuInAmosuaz el
- =] A s d’ & o o Yoy & oW 1 : = -~ VI |
Tndwesinmsmdoudnnniu Jedinavh Iidduiidnuas ududwdn 9 wiouaminde
1 - o Qe o c‘: [ : o o
uawmad lanyesz laaguand@lumsidudiufe lour uazdgnazaovesildy wae
daori Iianutanguuazmamediiuanasdie
naad lao i nlddmiunmsmsouiduinaroszan 18un Tulu  leuazledln

udamlsd  Indosaunzdianiooyiutvesdfia  Usmnumsldmaadlmyes Tamialy

v
Uszun1 10 - 60% Tasimiinua



21

251 msinadldu
o J o - a o
Wauhavu ldnnmsi i msimusoifaflduazaonionszoeds  udqld

adg 0 o

Ben 9 lunsusnanfusenaindaiazats w mamlddnhazawszmell msdy
SidnTnsladileldifaiussdn  nsdsummdiunsase  Saonh  Tanenmendy
(coacervation) TeIasmsi¥msfiAaflduFimasumaifed (solidification) Iaviial)
paflsznoundnvesildy fe Tw%‘ma&'ﬁﬁﬁymﬁﬂimaf]aqﬁqﬁqmauﬁ'ﬁxﬁﬂﬁf{u"lﬁ' A
arme uazmseuduiuas oyl naauiRvesidy

TumsinSonfldueziiuss 2 vilafifidnifeades 18un usaTnF9u (cohesion)
Hunsssyniluana IndwedBaetuewnniadhiznimsdaiduildidamsdede
vosi IngRaiuadiaiissiudussdensgaedostuniodmmunsusnnndy - Jedeiis
wadeuseladdn ud  TassadranasnuaniAmaniivosIndnieg ssuunisazate uas
an1zlunmsnssuildy TmumIﬂﬁ‘ﬁ’uﬁmmﬁnﬁ’uﬁ'ﬁmfiymﬁﬂimaqa AU ITIOVDS
Tnssadnmels nisusfafmuev waEsNIEMBYeINgui N0t szidoy lume
Tndmpivzawliifeawus: lalasmuasiuse looodnszudsaols  nl¥finuud s
msazaouns Indwod lumsmssududeiinadonssindiu Ao & Tumanaves Indmes
azatonioverud luniigans 14 Tnssadedudeuiudaeisalngaufiun Tlduii148
anuidaise @z tumsmdodldini mtasouiiauTavlFamsazawiigu uazinly
AduukaTanldnmmdouiimnzay msizdhldgungiiguerni lisanmaszmedam
azaaiFaiuy) TuianavesIndmesgnafenonuissdeufuesisauysaiinliidag iy
(pinholes) niavhliAdudinsumnladuaueduwhnimsauinuvelauduty seduues
usﬂﬂ%‘%’uﬁwnﬁiaﬂmﬁnﬁﬁma 7 aosiauldun  AaumudY (density) AMSAILIY
(compactness) mm‘iﬂ%exﬂugw;u (porosity) AN U FUHIY (permeability)
AmBAngY (flexibility) tosaaulitz fudu « douussdnadianiia Ao usweaddu
(adhesion) (TuusesznireTmagaves Indues fuwaradleiae iz inadenueauiamg 4
vouildu iy Ml AdufinBanguaty (Banker. 1966)

252 Femavugdihaurhilds

ﬂﬁfu;ﬂtsr»iuﬁ5nﬁwn1u?§€uadﬁ'u5’mqﬁuﬁ“l.f?f' msﬂ‘fugﬂﬁsam?mﬂuﬁ
dosmsluudgaamnssy udvzdesnrugugungiilimnzau Lﬁﬂ“lﬁﬁa'mfu;ﬂ"lm%‘mﬁu"lﬂ
fnshuitduey Limdnawe Aamiguszuazuandiw (Banker. 1966) 3’1‘5'ms-|{ugﬂupiuﬂﬁuﬁ

nawIsauiu fio
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2.5.2.1 ABMMIAZWaIuUIARAI (solvent casting) 11lun13yin iyl
- 1 o« o : e =)
daduuruidudismshmanauvesiduiimionldmamnrznameileumsmdos
3 ' 1 ) = =
Yugdildn wu udunszan manlaoaaiy wiowmadn Wudy Tavnaunugungii i

munzanlumsh idau Iiutadrnenenduuduildumudsanis

2522 FBMUBNENIU (extrusion ) 1Tunsi liRad sy

o 1 { - 1 4 o J
Aumaierdunmuvosfiduiiaion Idininsoudndngnos lumsildtduduguidy
wivu Aemahlddunauianunilalasmsianudeunassadsnudu 1 indoud

Auniuaveonin i IdgUnssmuiidesns

L ]
2.52.3 Fmsiudadiognnaa ( calenderding ) Hu3fvhldidadly
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Ed " b
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253 fuanin nazesnilsznevvesilan
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Park er al. (1993) AnwIMavEIrTALAzANURNTUYRINaadE lyeTae
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1193.75% . 1.0 §93.15% 12 1.0 f13 2.25% AMAI0Y LazansamnIts aanvaulsiu
- gt b &l &
aulTnundirosoaMiiuiy TaunuUuIn 3.39 094,58 3.29098.15 UaT 1.55 813 5.83 nSu
o Y 1 as 1 o Y - = ‘ q. J 1
MudIRY  daudasImsFuriyeIf vzl sundusuYS R die soa iyt lasdaaas
90 4.83 §14 1.23  1.56 D4 1:09 4T 3.56 f4 2.18 x 10" Fanwas/m151auas. 24 $1u.
0 v L4 “d’.’ L3 o = - a a J
VITOIMANURIAY uazaomesieniinveaflauusiuaudSuiundmeseaimuiulas
A ldeglusae 0.472 84 0.585
- a 2 o @ o o
Uiaar waunuu (2540) wssuddunsulseniuldonnudlaiud v uaz
nasounuauavouduiduinda ldionuuamanisii U 19ss Tenifamnsanauny
msldiduwmadn  wud HauudlaiudnlzndfiauauianshlUl$se Tomd wion'ld
vmibwdsifinnududu 5% uazi@uwesinea 30% Wunarad lawed  uduRguR1ET
s - oA - a o = wa =) 1 9
dnvazsingla Aoy Anumuunde 0.063 Tadwas uaviiguauii@niena fe Amsdu

MuIsIRa 1.17 Alanfwmsndadiuns n158ada 10.13%  LALAIUNUNIUADAIS Y
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45 A1 dounuauiAdumsFuriunud Tdmsfuriiuveseendiou 6 Taawas/ms
wms.24 $rluaussoma msFurimvedle 037 ndufadwasmauase 24 #alus.
fadwasison uazgmauiiau Ao Aummnininld 120 Su vevan1e 1A lavgAunidly
535unA uazriindalddrennwfeuisamsainiiiugs Taefimanuduswens§y
19.07 HIdUAD 25 Hadns L‘f}amsqm?mﬂ;wzwﬁﬁn‘%‘%gﬂsﬁ?’x’uﬂw Wy fegnaiy
S 22 @Woudigumgil 30 °C Taolifiumedowin  uazezazaeluiduideanely
5 1#t daumsinfevianmsewedd wiiasen nasudomadaoiidundaudende vl

b
ausnaamsgyinihminnseyistaogmaiy 14

2.6 IBMIMNUAINBVAUBY (Response Surface Methodology)
HHLNINARBITMIUIE A IRUAAO DY Tums 1 amAtianendaman iy
funeadd - Numumzinnziansnaaeaite s A 1y Tumsw euudaswes
namouaupuilnszAuYeeeTunlGuuinlag AABAILMI MR UM e aile ooz
Widhosovmioafiange  35nsilldimsicionusaiammnTan Box fing Wilson (1951)
nE BT AL LA A4 SEmadenandi 19 dins ey Multiple Regression
Analysis ='§<mmﬁﬁauﬂﬂﬂﬁﬁﬂadammsﬂﬂuaua&adnﬁﬁuﬁwﬁ’tyﬂwm’?ﬁ P < 0.05)
c%’nmhufuamIﬂﬂg%munﬁ aumad IkemiiudnsAa i 1 (firse ofder model) il

a

dnvaznriiuduasy nioaun1simdeaes (second ordet model) Nilanymziduns iy
i TAg
l’: ac 4{ = ] 3
Tunoulunis ke MINARs WIS NS LA YaUDY iy 3 Yusou

1&un

2.6.1 AMMUAAINIIDA5E (independent variable) FHavesilsdassNziina
v
minanesiuIzdesiinadeominevausednitoddynadh Wy windeenismaniie
-=' o v -~ 3 o = - = 9 9
imnzaulumsiudwuna swdenldfaunsdaszie quugll narlunmslianuiou
td
nioAnunuvesingiy Wudu venvniniivzdesdmuariiavesdaulsdass laoandos
o o o 1 J 1 : o -
Auminaasadidadestmuarismmanssdis  Faenmmaasstimndmuauauiiuly
wikamh Iiduns i ldldnvasdhudunss  vindomsvinnefinmaingnanssludiams
Taio 19 1dgaminzan uavindalsiremsnaassnafiuly o1wesi I e wison

P a O 3 q’: ¥ 1 - @ o
anngimingaulddanu duiulumsnanesiuusn vdssgquniinaasslasdendauls

INAADAIMDUAUDY
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262 unumsnaaesfimunzandmiviinifiuineumies Snaouudaedy
daumnalumsit 23 Taowalueeld fractional factorial design Ao @onuragafiamisn
Mnowaldedunseunquuaziilszdninm  Taliiimanaaomne  sdineaos
#au‘lwaj%ﬁwmsmamﬁgﬂﬁqﬂmagﬂqaqmmz%qmmﬁmﬂsf‘ifm ofiazinonann
Framari 1 UHUNTNARDIALLIY central composite design il dam131aft 2.4 wRIMIAn

Funlsfiszdudne g 5 i:ﬁ'mmus:ﬁ‘uﬁ;1qﬂﬂuﬁaqaqmmﬁmﬂﬁﬁ’auﬁﬂm a.b,c,dunze
Tumondgygydnual ¢ fiduiifu 0 b, d Tawirdy -1, 1 dau e Hdyadnuaiith -oL uag o
Tasa1wes o ﬂzi‘fuag'ﬁ'uﬁm'suﬁmﬂsuaxi‘imaumsmﬂam HAZIIUIUMINADDIVDIUINY
MINANBILYY central composite rotable UTLABVATIY 3 AFUAITNAADIMUAIIVUANAIIVD

AN1IZMINAADINRTLATVIN NNy Fafife

5 nq'mreq 2" factorial ﬁmjuqmaa factorial points U3 1UIUNINY 2*
v
1 & 0 & é s o o &
Tagudagilafonanua k Pofe eefinisnaaes 2 sedy delddyaanvoivessedudunls

a1 9 lumsnaaesesiidmiiny 41 uag -1

2 9MIUIAVDA center points (n) szdesiinmhdnnnnil 1 afa e
MINSMIUINNT pure erior 1ATAII ANIILHNINATOUNITVIAANUNOA (ack of fit) N5
NAABIF MY center points uwudnmdnu 1dde
I K, R K CX MW, 0 0N

o =

3. DTUINYAVDY star points Ui 2k TauiAazAey11991n center
points Aawszuziviinde szoy O Tay & =/ 2 Sadlumisnanesiioglungunisnanes
I rotatable design - N15NANBIAMTY Star points WeWTUAyyAnYal 1370

(0L, 030 D) , 1070 00" ., ™00, ... .0

¥
o A

v
WuMINAanId iy 2" central composite 32T$1UIUYANIMUA

iy 2"+ 2k +n,



MM 2.3 MINWHUMINAADAUUAA 9 TuSTmsmRuRIneUaLDa

Design Name Runs Error df  Largest Block
2 Factor Designs
3 — level factorial design : 3’ 9 2 9
3 — level factorial in 3 blocks 9 ] 3
Central composite design : 2+ star 10 4 10
Central composite blocked cube-star 10 3 5
User — defined design
3 Factor Designs
Box — Behnken design 15 5 15
Central composite design : 2’ +star 16 6 16
Central composite blocked cube-star 16 o 9
Central composite in 3 blocks 17 5 7
3 - level factorial design : 3’ 27 17 27
3 - level factorial in 3 blocks 27 15 4]
3 - level factorial in 9 blocks 27 9 3
User — defined design
4 Factor Designs
Draper - Linsmall composite design : I8 3 18
Draper — Lin blocked cube-star 18 2 9
Central composite design . 2* 4 star 26 11 26
Central composite blocked cube-star 26 10 17
Central composite in 3 blocks 27 10 9
Box - Behnken design 29 12 27
Box — Behnken design in 3 blocks o 10 9
3 - level factorial design: 3* 81 66 81
3 — level factorial in 3 blocks 81 64 27
3 - level factorial in 9 blocks 81 57 9
User defined design
5 Factorial Designs

Draper — Lin small composite design 24 3 24
Draper — Lin blocked cube-star 24 2 24
Central composite design : 25-1 + star 28 7 28
Central composite blocked cube-star 28 6 17

fan : Gracula and Singh (1984)
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A1 2.4 HARISIHIUNINANDIVDILHUMINAAD UL central composite design

27

g K 2 3 4 & 6

Factorial points (2°) 4 g 16 32 64

Star points (2k) 4 6 8 10 12

Center points (n,) 5 6 2 10 15

S annninanue 13 20 31 52 91

o 1.414 1.682 2.000 2.378 2.828

'ﬁm : Montgomery (1991)

: Fa0t msnenesiiissduduals 2 Fuls #ualsay 5 sedu Tae

. @ & “u 1 . a b 4 : v A
mmanizneganenalflufimmisdn q wudh Ggafedemanssianua 9 90 uAme

=Y & ¥ A’ d‘ é o : o
anNNAMANTBUTBNge szAvwmaapsigansnatiiui e s &1 e lddwoums

¥ H
NANDININUA 13 MINAADI fIn15 19N A

M1 2.5 1UNUNSNATD I central composite design WL 2 #2113

MInaned sl 1 el i 2
1 -1 +1
2 +1 21
3 -1 +1
4 +1 =1
5 - 1.414 0
6 +1.414 0
7 0 <1414
8 0 +1.414
9 0 0
10 0 0
11 0 0
12 0 0
13 0 0

-
U1 : Montgomery (1991)
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madl 25 ifumsauanssiansmanesdimstmuasiins
$maumsnaaes Favelinanszawmsnaneslyludnumzianay M1 0 nuneds draenas
vosdaunls windaunls I ludemefidiuduesiswadusdh +1 uagmndaunsiduiy
dnsvadulseniy +1.414  Tasdosdmualiyrsvesnsiiunioaaiduluudaznis
nanes  dmfumsmanessiniy Ananeszdosiinisansmuarastunies Taodaems
nanvarzdns liununienhannfuludsmnsoii 18 Taonsnaaesgugirgaeit 141y
mingemieli Tasfinsananaunsi I8 eede R qand 0.6 uazaunsfiléfany
duiusidueyiussuduaeaniol dodr1uaulunimannavns Yamaguchi 1ng Kimisuka
(1987) ldulsiUSinaundounsnzueyseluiilagl (miso soup) Tasldaganenarsie 14
Usnaundounaiiu 035% (svimdhu . 0) magsmiu 027% Gvimiu 0) udwihmsulss
dmiuminaaey Tashmualierwosmanlsndounsiinnunthaily 02%  vowmsgse
1 0.1% Tavarundrevessinil fnanosnsinuaianes munsaReuaunsuazA1es

3 o v o o d”
Tdonnanudunusail

1 = \ é o/ 1
AINITNANDIVIY = AINITNANVIVNINYANINAI + THA (ﬂ’l"l‘lJﬂ%N%"N'lJfls‘lﬂ']SLl‘lJﬂ

NAoLNg
SHE 0 wiemnenanaifimandennaiiu 0.35%
A1 v laySmanndounaiy 035 + (+1)00.2) = 05%
s -1 vy ldvSwaundetnaiiu 035 + (-1)(0.2) = 045%
s +1.414  sldlSusundeunuiln 035+ (+1414)02) = 0.633%
sWer -1.414 < g 18USaundsunudly 035+ (-1.414)02) = 0.067%
HayaT
MR 0 v eA1ARaIL s 0.27%
sHa +1 v IdSmaundounadiu 0.27 + (+1)0.1) = 0.37%
e -1 vz 18USinaundounadu 0.27 + (-1)(0.1) = 0.17%
swa +1.414  wldUSuaundeunatlu 027 + (+1.414)0.1) = 0.4114%
e - 1414 eldYSinaundounadlu 027 + (-1.414)0.1) = 0.1286%
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263 Annzideyn  hidoyavesmnouauesi ldninnisnanesdionuuumy

LY

o

: ' o w dao o ~ o
MInAavIMIzaYy INMIAIANNTURLS TR Baseifnu Tau3s multiple regression

Tugvesmunisdidsees gruvuvesaunsiidonldduing fio aumsTndTudivasds

4 a RN
a9 FaigUuu Taona ludei

Y = B, +2BX + 2B, X X + XB X

i+
- 1 d’ﬂ 1 a

Y fo  mesuauesiinannmsulimaals X,
-
f

' <
B B AUNDBUAIN

[+

TBX, fo mouiiaasiedninavesiaulsdasy X
B, ., XX, Ao mowdinaasdninasvosiiinlidass 2 faunls X. X,
2B, X fe mau‘*?ixmmﬁwiwmaaﬁwﬁmawaﬁmﬂsﬁas:

naunsdana e 1Al iidnadeninaudueseiiifodhfauds waunse
a$19n37M contour plot Tawore T1/sunsuneuimasAudagal nsavl contour plot sxiidnumey
Wuoynsvouduasaniaduld ='§\ummtm1'Jzﬁ°lﬁ’fimauaummﬁﬁﬁma;ﬂuuuﬁuﬁu
AnuFATT sen AP asefusmeyaueq  #uh 910 contour plot 18 il
aunsaidennnzvesiasnifdmeuaueIRem Iz (optimum point) 18 ileriwams
nanos l/Tinszvidoynd 1635 multiple regression Teun13fadsetissio 1yl

a0y ysagaemnd (2538)  ldnanoewanilushunnedaomie st s
NuHoy (spray dryer) Tnt35 Response Surface Methodology wazlFunumInano Ly Box
Behnken Design ~ ANyl 3-¢auals $amaunisnaase 15 msnaany dedmuadinlsnis
naaedldded §asd 1 Ao quingioudifania 3 seaufie 150 °C e 0) 180 °C
(enfhu +1) 120 C (el 20y Fanlsii 2 fe iSmams Talasiandmsu (iuderily
faun 100 faddns) Tnemue. 3sedude. 73-ndU Wi 0) 113 ndu G +1)
33 ndu el -1 duds#i 3 Ao sasimsTuavenihluhunduntesiu ey
dou (faddasdewdt) T 3 szdude 19 adansdeud (vmilu 0) 29 dadansde
Wil adu +1) 9 daddasdoui Griadu -1 Ysadumamalssamdudad g uds
whwadi Idu ARz doyauuumultiple regression Tavsasiuazd vzt luaums
fu Aosfimamiandia (significant level) Tuaumsioont 0.0s MIAKAMS AN LW UYA

¥
MmIA 1 daunsdail
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y = 310.7720 - 3.2994x, — 210.1870x, - 6.2184x, + 0.07975x,’ + 14.3067x,”
+0.015906x,” + 1.3366x,x, + 0.041031x,x,

d‘ =) o ar =
o y fio Madszamdudanedud
x,  fe guugiiand (°C)
-~ o ¢ s @ 1 :a ar a aa
x, Ao Yswums lelanandasy (nFudevrluiiun 100 dadaas)
=) as :, o ¥ A o ¥ 1
x, f9 daims mavenihluthundwnTesiudaurudes
(Uadansaoui)

MInganmmEaunfIsn1sAiNesIsuRiten (differentitate) Taufous y fud

x Nazdllddail

dy/dx, = =3.2994 +0.1595x, + 1.3366x, + 0.041031x, = 0
dy/dx, = —210:1870+ 28,6134, 0,1595x, + 1.3366x, = 0
dy7dx, = -/6.2184 + 0.0318x, + 0.041031x, = 0

¥ '
e )

gy deinmsudaunisudley 1

K, ’ il
X,y »= 101665
X Sl f 70

: 1 “a : o 1
vnnsnanedll gunsaaglldn lumskamiluloauuunudes azuuuma
Uszeamdudadudezinigeqa (@aiminzay) fgamgiawihiinumnu 150 °C S
¥ b
a1l Tnsiangm3milu 0,665 afuseri luiun 100 Gaddas dasimialuavesihluiun

Wundeai i amunudentu 1277 Tadfasdouif
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aunsalazisms

3.1 IngAy
3.1.1 uthdhadr mnusiminen dida
3.2 mand
3.2.1 Twswalasamendlmau [C,H,SI(OCH,),] Fluka Uszmsaimaosuaud
3.22 mandnendlaan [Si(OC,H,)]) Fluka Uszmaaiavesuaud
3.2.3 plreson glycerine zer analyse (et.wa 87%) Merek UszinAwosiu
33 qunsel naznSeaile
331 In3oiNaNeIMIS Kitchen aid Ussmaavigomsm
3.3.2 m?mté‘ncﬁ'mg no3 (single screw extruder) (Brabender OHG DUISBURG,
Model 20 DN and DO-CORDER E DCE 330) Uszimapasiy
333 indeeFniniinainaziBun Metier Toledo AB 204
Uszimgaimeasiaud
334 ndnennlaing Il ladney (spectrophotometer UV = 1601
SHIMADZU Company) Usznediu
3.3.5 10K (carbolite furnace) Uszmenensiiu
336 inTevianinmitauswiined Saln <o Tanswl (Brabender
viseo — amylograph. , Duisburg) Usumeneosiu

-
3.3.7 19304Ua912 (RETSCH Ultra Centrifugal Mill ZM 1000)

3.3.8 HotairQven Memmert Uszimnmeosiv
339 1n3pednsiedialsiy Buchi 425 Uszimeneosiu
3.3.10 1930a3nT e luify Buchi B810 Uszinmeosiu
33.11 193099R318W dietary fiber  Gerharat Uszmemuosiuy

3.3.12 nioaianuilunine1a (pH meter) Suntex SP - 701
Uszzmagii)u
3.3.13 UHUWANA@AN (acrylic sheet) YUIA 20 x 30 .30, ADUDUFY | 1.1,

3.3.14 UnsalinTosudanie q AlFlumsdinsed
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o
3.4 aounNnaasg

¥ a wea a - a

vosjiamsninimgamnnssunuas aazmaluladmsinuas aonfy
malulagnszvoundudnunmisaianszily

3 a wa o ) = o o

Houljiamsmadvimaluladgamnnisunuas anzinnmaniiszynd
anfumaluTatnszvoundmszunsmile

Woslfifnsmnininemanimsoms  anzannssumand aeasy
maTuTads1wwana Unusiil

Y a wa =t W A e o =t 1

vosdfuanmsmalulatnieems aonfuidvinnmans wazmaluladums
Uszins Iny

Wesdgiansmuninmmaainisemisiag Insuins ansinorimany

UMIINNALATUATUNI Y sl sz auiing

3.5 3Msnaaed

3.51 msdmnzdeddisznevunaingh
msdmneinosiiliznetuanil - munwyesnddndaili1dgn
k4
amnls  laun Ysuamamdn Tsau vl YSuaedule wesdt (A0AC. 1998) YSim

pzillad Guliano. 1971) LAZAIINUTIA GIBN. 1 625 - 2529)

352 mandumdlaihamadoutiowdunie udndngines
s onitladnd ey Tduneudsil o

1 wdendaudainad dsasaniafinnuduudaan 500 ndu (wet
basis) A0 1 HIBYHTINAADA

2 atufldadildonde 1. wdmnSinonihildieysy
anusuveudetndr iaskiimenlsunams lsewlims 19saudsudl i

3. weni1 uazes it 18nde 2. azaudhdaui

a. dudladrudiildnndedt 1. mashuniowmay  Danionau
Tavldnrudadnm 1 wf snfumdaunauvesens lmaun 0 3. as T luwSoanay

5. Adaoanusunane Yszanm s wift dwdledudmeandi g

y A 8 o o
lﬂJ?LﬂinLfJﬂ”ﬂﬂztﬂﬂﬁ
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udladuds
mutldnaudaslwnsoaney
Adron1598 v 1w
Swanh  SnamsessmTu'laay

Adwaald  Aduoald

aunay i azaadiu

! v

= 9 s
msazae lywau anauudlatadrdumsazainlaay

o =
t—> Ravauinhunaie w5 uadl

uilat i me
~ o = 9/ \igf ' ¥ A 4. 7 o
Ui 30 Sueeumamssuntdid maunoutlaudunssudnangme’

3.5.3 msfnmannzveamsaalsuthith udidreasinsnalnssmendlaau
lwnSeudndngines
o 9 - 0| ' A o o L4
il adwauinarmsaivrunsoudngniined - NwAUNS
nAn09 1Ay 1% Response Surface Methodology (RSM) wadnuanemsnaautladiud
i
dauds Taofauadiugls 4 duals udagdmisurisesmilu 5 sedy a9t fo
1 3 ¥
aulsi(x) Ao anususamvontldhudmey anztlonudunsos
e P
BNINADTNITTAUAMNHL 1316 19 22 18 25%
dauls? 2 (x,) Ao gamgiisisavounioudnanginesilau 3
JEAUQUHAI 140 150 160 170 uag 180 °C
Al 3 (X)) fie anududuvesInsialasunond lmaufiszdy
U110 0.0025 0.0075 0.0125 0.0175 uag 0.0225 Tua Tuandlauis
@ = - d A d o e o
dulsfi 4 (X)) fim AnuSIsouANFYBUATOUDNIN AT NIZAL
A21157 130 155 180 205 LAz 230 SOUABDUIN
iRonuuuLKUNISNAAI1au1Y Central Composite Rotatable Design  finy1

@ [

4 As 5 52AY UN1INAADY 31 NINARBINTANIZMITNAADIAIL 9 AU HINT199 3.1



M39M 3.1 UNUMINAABILUY Central Composite Rotatable Design 7119 Tun15#in

utethadriigndandsdaeInaiialaswumend laau

nanaaesii | mmdu  qumgivesundia Anuidudu ausaseu
(%) ("c) (mole/mole starch) (rpm)

1 16 150 0.0075 155
2 22 150 0.0075 155
3 16 170 0.0075 155
4 2 170 0.0075 155
5 16 150 0.0175 155
6 2 150 0:0175 155
7 16 170 0.0175 155
8 22 170 0.0175 155
9 16 150 0.0075 205
10 22 150 0.0075 205
] 16 170 0:0075 205
12 22 170 0.0075 205
13 16 150 0.0175 205
14 22 150 0.0175 205
5 16 170 0.0175 205
16 2 170 0.0175 205
17 13 160 0.0125 180
18 25 160 0.0125 180
19 19 140 00125 180
20 19 180 0.0125 180
21 19 160 0.0025 180
22 19 160 0.0225 180
23 19 160 0.0125 130
24 19 160 0.0125 230
Weer 19 160 0.0125 180
26 19 160 0.0125 180
27 19 160 0.0125 180
28 19 160 0.0125 180
29 19 160 0.0125 180
30 19 160 0.0125 180
3 19 160 0.0125 180
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Minisneass 2 mmfuﬁ"lﬁ’jadwﬁ"lﬁu1ﬁ1ﬂ1snﬂ1ﬁxﬂumé’wm?m
uad12 TagkuAzINTIUIA 60 % (mesh) uddinszimuaiifveatliadiiign
aauals ludu response angle (Aguiler et al. 1995) ﬁuﬁﬁmmﬂuﬁmuﬁaﬁﬁ (Amort et al.
1985) szﬁ'umil.muﬁ (degree of substitution , DS) (Huls. 1993) unzmmnﬁﬁé’hum?aam{
wumesaalansl (en. i 625 — 2520) TavsimsmaeuSinsied 2 91 Themeumies
Al&adenmudiniussusus tuanemssaafidondnun Tnoi multiple ~ regression
uazrdnanuduiuinendiamans Taoldauns Ind Tudlvaddsaes TaoldTsunsy
du3031) STATGRAPHICS ifonanngnsndaiimanzay (optimization) dmivudledauds

Ao Insialasiunend laay

3.5.4 msannaansveamsdanlsudleinadidremamasianendlaaly
- o d ¢
I uBNINIALS
- @ - @ @ ¥ - =Y i)
NANDIMAS AT IZHFUIALINUNUYD 3.5.3. uailAoudFuraanudydy
younas1dnend lanawitlu 0.0125 0.0250  0.0375. 0:0500 tiaz-0.0625 Tua/Iuaudlaunly

anglunminaassnanlunisiah 3.2



MI19N 3.2 UWUNIINAABILIY Central Composite Rotatable Design 71 149 1un1s#an

ufladradigndaudsdromasidnend laauy

mimaaesii | Aamdu gamgiivesndisa anududu AsIseu

(%) (e (mole/mole starch) (rpm)

! 16 150 0.0250 155
2 22 150 0.0250 155
3 16 170 0.0250 155
4 22 170 0.0250 155
5 16 150 0.0500 155
6 22 150 0.0500 155
7 16 170 0.0500 155
8 22 170 00500 155
9 16 150 0.0250 205
10 22 150 0.0250 205
I 16 170 0.0250 205
12 22 170 0.0250 205
13 16 150 0.0500 205
14 2 150 0.0500 205
15 16 170 0.0500 205
16 22 170 0.0500 205
17 13 160 0.0375 180
18 25 160 0.0375 180
19 19 140 00375 180
20 19 180 0.0375 180
21 19 160 0.0125 180
22 19 160 0:0625 180
23 19 160 0:0375 130
24 19 160 0.0375 230
25 19 160 0.0375 180
26 19 160 0.0375 180
27 19 160 0.0375 180
28 19 160 0.0375 180
29 19 160 0.0375 180
30 19 160 0.0375 180
31 19 160 0.0375 180

36
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355 fAnmfBnundweseaiimnzmuiieriilannnutlaihadifigndaumls

3551 Amngigumnidmanivazmenmveudledhadiigndauys
nnnsdenanznmsHanimuzanlude 353 Tasmsansgdauiananonin-ni
Tudhu response angle (Aguiler et al. 1995) ﬂuﬁﬁﬂﬁﬁﬂﬂﬁ?uuﬁ’nﬁ (Amort et al. 1985) 52A1U
MSUNUAL (degree of substitution , DS) (Huls. 1993) uagAumiladientesifiumnodsaln

A3l (won. N 625 - 2529)

3552 wdhdradiladuazedlaidradidanlsdreInsialaswnens
Tt Idkumsideonanismiizaunde—3.5.3 Taeldudltuilugasidu 1 de 10
Muusr0hen (water bath) figungdi 90 ¢ fium 5 uih Hundweson (glycerol) Tu
fns1dan 0 5 waz10% lamiuninvsudedinds nomtniundenuat 1ntaE
Wuurudy TaomasumirumaTa@n crviic shee) BT 60 nSudeiry A loud
QuMQil 60°C uuruTANUAL (nafdl aszgafinns (nzAwE, 2539)
Tusuilduinaald e tgamsiamamenm iasmana faeluil
L. NATOLMMIAIUNIHLTIAINA UaMITARIVD AL
2. PARDUAIINATH TuN s SR Aee v o
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M9 4.1 avtiamaaiuazmonmueautlatinidilng

auUAManILazMunIn Arisald
AL 10.78%
Tas@u 4.92%
‘ Tsiu 0.23%
it 0.28%
iduly 0.11%
a3 Ty lamse 83.68%
ovil laa 21:85%
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response angle - 11
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winumg : afnaaslumsaiiuduadon ldnnmsding e 2 a3

700

600

500

400

B.U)

Fﬁ- ullsirodnind (B.U.) |

— )

ATMMTIA

300

200

100 +

0 10 20 30 40 50 60 70 80 4o 100

1M1 ()

g 41 asvluasenmsuldounlasanunilavesudlsdrnsilng



40

= (Y] v v v
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Taoldunumsnanes Response Surface Methodology  11U1 Central Composite Design
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woednymavesd s luanznsmdaudledudidauds 4 &uls Ao amduves
¥ Al g ¢ a ¢ Y a
ulsdadwaastoudunioudnanginod gamgivesnsisa awduduvesms Insfia
lasamendlanan  uazanuiiasovang  dednsenuauiiAveautidradiignaauls
Vv ' "
Tudu  response angle autf@msnoudiuuANT  seduMIIMUA  uazmswdsuuag
aumila 1dud mnnuniingega aumilai 95 ‘cadimilaiigungi 95 °C asy 15 wift
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MIMAABaR | responseangle (") | muiAmsasedaufnd Guif) seduUMsINU
¥, 7 (Tuagdaeu /Tuaudlauts)
YJ

| 32 65 0.00261
2 38 90 0.00139
3 35 43 0.00279
4 36 71 0.00327
5 30 84 0.00700
6 32 161 0.00815
7 31 67 0.00738
8 31 162 0.00903
9 31 55 0.00299
10 35 34 0.00205
1 32 41 0.00214
12 34 81 0.00244
13 28 80 000078
14 33 139 0.00877
15 k| 61 0.00852
16 30 149 0:00828
17 29 137 0.00334
18 30 57 0.00357
19 34 167 0.00451
20 29 118 0.00402
21 32 65 0.00111
22 33 122 0.00932
23 34 147 0.00519
24 32 92 0.00484
25 29 122 0.00368
26 30 11 0.00320
27 33 84 0.00390
28 31 132 0.00262
29 32 151 0.00240
30 35 161 0.00297
31 33 121 0.00275




MI19N 4.3

uamsmmafasuulasanumilavesntladriddausdaees Tusiia

Tnsumond laay
nINAResd qungiisumean mwnidageqa | Aawmiad | aawniad 95 °C | arumiled
Twsdu (o) | B.U) v, 95 'C(B.U.) | A3V 15 11l 50C (B.U)

Y, (B.U) Y, ¥,
1 . 50 20 20 40
2 - 60 30 30 40
3 - 60 30 30 50
4 - 70 40 30 50
5 : 60 40 40 60
6 - 50 30 20 30
7 - 50 30 30 30
8 - 60 40 30 30
9 ; 40 30 30 40
10 - 60 30 30 40
1 - 50 20 20 30
12 - 60) 40 40 40
13 : 60 30 30 30
14 - 50 30 30 30
15 - 60 40 30 30
16 - 60 40 40 50
17 - 40 30 20 30
18 - 80 50 30 40
19 . 60 30 30 30
20 s 70 40 40 70
21 - 50 30 30 40
22 - 40 20 20 40
23 - 60 30 30 30
24 < 40 30 20 40
25 - 50 20 20 30
26 - 40 20 20 30
27 - 30 20 20 30
28 ¥ 60 40 30 60
29 - 50 30 30 30
30 - 40 30 30 40
31 - 50 20 20 30
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T ; 4 2
11101 1ANBUTUDY (response) T 1ADINANI19M 4.2 LAy 4.3 11 fit model FIwduRDY
multiple regression TauTysunsy STATGRAPHIC version 7.0 (MANUIN 4.3)TagNarsan

A5 9 NiiA significant level fifoonda 0.05 szalsingar luaumsdauanslunisiefl 4.4

MmN 4.4 auMsHaRIRNUFURUT ST nls luanensnaasuUaIno UA LD

1a63% multiple regression tiafaisdredroas Insialasunond laay

Generated Regression Equation

= 7.4226X,

: 0.1272 - 0.00116X, +0:0000038X; +25.3256X,” + 0.0000009X,’

4
I

- J ' 4 o
o UninwnamduvonthdrdwannsudloudwnSoudndnymes (%)

)

szAuguull (°C)

L]
DEk  Dn
@

(o

imannududuvoses insialasunend lyan Qua/ Tuautlanty)

e

4
)Y
o]

A Iseuang (Goudeund)

Vv
reponse angle () Y, @0 sniamsasudauuaniy (Gu1n)

2
=

w - ey o E ¥ ~ =
saumInui (lmddanen lwantlunty) v, fe anunilagage (B.U.)

=N
]

[a:]

ANUNLANgUNYL 95°C (B.U)

u.) | - 5
o~

AN anguHil 95 °C AL 15 1IN (B.U.)

=3

Al | e e

AIMmmHaRguNYil 50 °C (B.U.)

X
b
(o]

U 1

Amlsdu 5 Al significant level ¥NT1-0.05 93 Tivsngalurumsdemsaly
HUIN 4.3

MNASIN 4.4 siwasweuauesn 1aadtanuduiussudnals luane

[ ¥
msuanNifonAny1 a3t multiple regression 32 1daumsuanadade 1
[TH, "I 1 Qs 4 as 4
4.2.1 ANNENUsYeIA s i Tunsnaaeany response angle ( Y,)
- wd" g/ o = ar o o ' 1
aunsi ldtiduaumaduasiiuaasfnnuduiussenitenives
' ) ool ¢ o

anvduvothiduiwauneutloumdunioudndngiaos (X,) M response angle (Y))

VPR T e R N AR e R L2 (1)
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L =t @ a o TN | a 4
WUA1 response angle NAMMAUWUT IavasatumSumanusuvoailatinga
T | 4 o o a v o Yo il i 1 4
novazfloudunioudndngwesifissiloiofowriniuy - nanfe  Bennuiuves

| d o 3 ' & &
uthirdwavnzdoudunioudnimginoigetiu  A19eq response angle Aziidrgetudae

[l

-

4 e & v a T 3
wosnanszuumsendngiulummensil wldgungivazusudouiigs do 1214
a 1 o g 1
Quniilug 140 - 180 °C uazaNuSITOUVRIANg 11U 130 - 230 rpm M1 Tnseardt
¥
vesluanavowthgnimvasnn wazlivinannuevesluanaduniniy  Taoutlaes
a a o a Vv ay J & aa a o EY o °y et
wanad ludih Iinnuminsalunsazanigain vanswah lannsogedinir14a
nakannanesnyd utldhadineudaulsdant response angle TRy 50°
- d' ai 9 d& T ar 3/ o 9 ]
Awaansnd 4.1 vasiudedruduiomunisfamlsudneiia response angle Younda
a = &4 o aw = o
utlilnd q1dvInmisnsna.2 FeapandesTunans 3503 Huangrak (1995) H¥n3dny
' ' »
Feanisaauy sntaiudidanms Insian laswnond laauluanizgns=uiunis Tnvldai
] :‘ Jl U 1 C u‘a 1 o
(wet process) unz Taildnin (dry process) ¥IWU1 MUY response angle vanutlasiudsa 1 1év
msdauds uazmsdaudileenszuanni layhildia mganwdfaiudfaiidunmsdauls
9 . .
Taunsgviums Taoldir na1Ifo f1vod response angle M kav=Tin iy 40° vaizfudle
o . bl @ & A 1 o 1 Qy =y 1 (]
tudielnd nagotlwidsaidumasaulsTaonszuonTas lildin fnwidy 60.8° uas
006" A IUTITH T RR-2.2) W NN T response angle HANEINT NG 1270582108 V04
¥
s Insia lnsomond tnoududasy Tanautlluaszunslavldihdnilunszuau
msleglildd - amzinsdalsutladhadidioens Tnsvia lasomendlaaulasldinTo
Wnangwed (i1 4.2) 1 dgempiinazusadoungatudns afiser mlddaudiada
mInoIUAKMnzuANBen | 113 Tnsiia taswmena laauudhinl §isufuny leasenda
= a - a e 3 LK o L
daszved luanavesezilanuasozilaminduniludautleldunan Mlde1  response
angle ¥o 3t s andauys i laianfsonnudadrudnlng
U - 1 Qs c.; et aray -
A1V response angle Naand  uaasdwildautsidlguauialunmslva nie
- 4 P 1 [ ar & wa [
ANUAU (free flowing) AnAItlaR lu 1AM Iun1sAAuYs Faveduud Tunaastsautianula
: 45' y o s ' o = o o n’:
0111 (hydrophobicity) ¥1NVY dohudldaunlsdanauiniuildues i i il duiu
T & el w
ligaduanusunnussnmaldig dideandesiunanisnaaoives Amort et al. (1985)
=& ar - ny '
Fenwnsdaulsutlad Inadreemns Insiialasamend lmavluaniz1di wudr ufla

417 Inadauds i 1dguaniadiums naid (good free - flowing)
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4.2.2 ﬂ'Jmt‘fuﬁ’uﬁmmﬁauﬂsmﬂumsnmmﬁ’uqmnuﬁmsnaﬂuuﬁnﬁ (Y,)

wu'jwiwmﬂmﬁuﬂ’ﬁmmauuuﬁaﬁww"hjﬁmmﬁ'uﬁuﬁ'ﬁ'uﬁ‘lﬁmﬂwha 9
fivinsfne  minmImarey wuh szeznailFlunsasedavewtlsdiiding iy
75 Fwif (@sefi 4.1) vafudadradifimunsdausdmng ssoznmlumsaseda
vuiminfosniudlang Tavg 18anmsnadi 4.2

denSvufvufumasuivuns Huangrak (1995) &dautsutlasiuslss
Arwmrs Tnsialasumend laaulaonszuums i uflafudSadauds 1855 vornarly
M3avefIuNANI AT 24 $2Tue drua3Teues Amort e al (1985) wu utladnalna
daus iR s zoznar lunisaotauAniImIAasT 24 ¥ 11 yazfimananeaisuil
szoznalunsassdamiani Al ey imilefeufuianisssoves Huangrak (1995)
uway Amort e’ all (1985) —aquf 14 qumAiAATsaeFLLAN ot I§0nms
naaoai 1if

maHo Rt IaIAN T aus U ol LRt L wud Fims
yoantsmant)sud viuds s lunszuannisve a1 agnsHan laon sruTunis 194 e

Huangrak (1995) sz g gaumiidasunn 50 < 60 °C @21 Amort et ol (1985) Ansdauls
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a0 1

A L) Voo ] :’ A W i " A

utdehuen nznswaauvauaeoiaeliniy auaninld 25— 30°c © Gudugumgiifding
= = a d ¥ ad ! 1 0 .

gamgivoansfanain lwsvesndnusnlnAaaseyuga 70 = 75 °C (Swinkle. 1985)
| y o - 1 ] o &

vauzfinsyaums@ndniueldgungiigind Ao w14lurae - 140 = 180 "¢ Faily

gamgilganhgaungiilunsifanaidlug . uflenAanmdludi ldaneannsolums
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azawgaiu uflsthradrdantlsdroas Tnsialaswmond xan Tavnszuiums
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4.2.3 mmdiusvesiulsiililumsnasesiumszdunsumui (v,)

ViR ImFuRUE uaums A ldnnaiaied 44 Ao
Y, = 0.1272-0.00116X, + 0.0000038X," + 25.3256X,” + 0.0000009X," ........... )

1 v o 4 v w do a a
Wy miszAumsununi ldlianuduniusiuguugiveanisa any

Wuduuoaens Tnsialaswmend lmaw tazanidisovang
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wiosnnaumsi 8 liduaums tinear udifiuauns quardratic ¥111% 14
mimnzonaainiy dedun  differentiate waznada  iemanzmsnan
fimuzay (optimum condition ) WuF1 annERimzawie ldgungiiveandisa 152 °c
Aududuveansialasnmendlaau 0.0391 Twaluauflants mazanu§asevvesan;
207 seuAeMIi MAMsRIITsEAUNIUMIRT AN T fp 0.0776 TuadEneusioTuandls
whs (manuan 9.4) iieiladhe response surface plot ALARIANNAURNUTIEN 1AM
Wuduvesms Insiialaswmend lmausuguugiivesnsisadessdunsunud Tasdmun
AN soUANgIAY 180 seudewd v ldmunsfe v, = 0.15636 + 0.0000038X,” +

o

25.3256X," Awaalugdil 42 Anudwiussen smnududuvesas Twsialnsumend

h.

Tmaufunnudseuangdeszaunisunuil Taosmuagamgiuiiy 160°C uaz aumsi
1dfle v, = 003888 + 25:3256X," + 0.0000009%,” Aaraasluzii a3 wazanuduiug
szndgungfifunamiissenangiossdunaumuilaesimmanuididuvoams Tnsia
Taswmendlmaviviiy 0.0125 e Tuautluds uagawnisildie v, = 0131157 -

0.00116X, +0.:0000038X," + 0.0000009X,” fanaaslugii 44
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4.2.5 n11uﬁ'uﬁ’u1§ﬁjaa¢‘huﬂsmﬂumsmamﬁ'ummwﬂﬂ?iqmwgﬁ 95 °C (Y,

MNAIR 43 wuth snnunilafigumgd 95 °c  hiflanuduiusiy
Adaulsane q ivnsinu

wuh  aamiasuduiigungdl 95 ‘¢ veawdlthaudidaulsdaues
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dodeutuutldhiadnnadedmammianidy 280 BU. mapaihlfanumilaves
ufladauilsdams Insitalasumond lamaudiunioadndngmeiisnosninmmilaves
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moludioudly” daiy ) TuagavedudlefifiaTuianadiods (hort chain) s iauann

' = o ) y o o
Tuszninpszuninmsidndngdu Suhlianuniaveathdinddaudsdiag

4.2.6 ﬂ3m€r’uﬁuﬁmaaﬁ’mﬂsf‘ﬂﬂum:mamﬁ’ummwﬁaﬁqquﬁ 95°C il

anudeu 15 101 (v,)

WA 4.3 Anmiiatieanni 95 °Cuileliniudeu 15 v 1d
AR LR ) i msdnns w1 o fiefiguingd 95 °c el
amufou 15 wiivewthidhuddaudsdroms Insfialasmunend lseuiima nuniadun
fa 31 mampaes  @aned 43) ifefeusuntldnidilnaisnaniiai 280 BU,
Faumash sﬁﬂimaqmmuﬂaﬁzflu oligomers i 41 (short chain) Sl 1AUNIN 1iD3970
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maan 4.5 uaasmguauivesildraddaulsdremsmassnend laay

nsNAAB T Response angle () : Y, auAmsasudauuAnh Gu) : v, sEdUMIUNUA ¥
I 32 71 0.0109
2 29 83 0.0079
3 28 63 0.0082
4 33 59 0.0090
5 32 52 0.0170
6 29 69 0.0178
7 31 69 0.0214
8 32 61 0.0183
9 34 42 0.0100
10 28 57 0.0092
I 32 34 0.0090
12 32 57 0.0094
13 31 69 0.0206
14 36 64 0.0200
5 35 47 0.0190
16 33 69 0.0192
17 35 147 0.0157
18 29 59 0.0136
19 32 44 0.0137
20 28 53 0.0143
21 30 59 0.0058
22 33 7 0.0256
23 3 26 0.0120
24 3l 78 0.0147
25 3l 35 0.0140
26 31 30 0.0137
27 27 46 0.0144
28 30 43 0.0152
29 32 52 0.0146
30 30 56 0.0142
31 34 44 0.0144
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MAT1ON0NT lmay

minanes | qumglisu | mumilagaqa | mumdad mumilafi 9s'c | mammiiai

il wawlwwdy | BU) Y, |9s'c v, ATU IS W 5 Y, | 50°C ; Y,

(‘C) (B.U) (B.U.) (B.U)
I - 30 20 20 30
2 - 60 30 30 40
3 “ 40 30 30 30
4 - 60 30 40 50
5 - 50 20 20 30
6 = 60 40 30 30
7 5 50 20 20 30
8 - 40 30 30 30
9 & S50 30 =0 20
10 : 40 20 20 20
I - 40 20 20 30
12 : 60 40 20 30
13 - 70 30 20 40
14 - 50 30 30 30
15 - 60 30 20 40
16 - 50 40 30 50
17 - 40 30 20 30
18 - 70 30 20 40
19 - 60 30 30 30
20 . 60 40 20 30
21 - 50 30 20 30
22 - 50 30 30 40
23 - 60 20 20 30
24 . 50 30 30 40
25 - 40 30 30 30
26 - 40 30 30 30
27 - 40 30 30 30
28 - 40 30 30 30
29 - 40 30 30 30
30 - 40 30 30 30
3 - 40 30 30 30
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1. M3InzHnSinannuTy (AOAC. 1998)
1. wivne Tane uazrhfisumssuawimiinaafiud)

2. ¥am0019 2-3 n5u laaslusiulanzainds 1

-

- ' ¥ d{‘ 9 = o o
3. daenueumanuiulugovaniounigumai 130+3°C  iWunar 1 $lue

u
b

v o 3 - o o @ [l
dionsunah i luedninmes (desiceator) Tufimimiind uazovsodndsziny 10 -

" v
@ & o

= @ d’. = g o :’ o 1
15w sunszisinhminasi Usinannuiudnnaiuiesazveniminfigame

v ¥ '
USunnuiu (%) = diniiniively x 100

¥ f
Hmindaee1as udy

2. MRS nalisfuuy Buchi - Kjeldahl - Systems (AOAC. 1998)
AN
1. _nsadansnidiud
2. ASAUBTNANMT Y 2%
3. - naalelasnansn 0.01 ueiiia
4. miaonlanson ledaudud 329%
5. MeazaaR (catalys) : waudaitionlasenlad se0) 2.5 0§ Tiluer
@FoNFAUNA-(K,80,) 100 A5y wazaounledaama 20 03w ddey
6. DUANINDI NI
A, 10303 Bromo cresol green A1ududy 0.1% lwentauoanoaed
ANMUTUAU 95% tay Methyl red A4 0.1% TuenTaunaneees amndudy 959
U, Wy 10 HaaaRTBromo cresol green A2 UADANT Methyl red Tu

VIANUA

Aacda 4
A5 AUNIIEH
. ¥1MiunAI0818 1 N3y adlu Kjeldahl flask
2. fwunzazdad 5 nfu nsadaySrdudu 15 Tadfng unz Glass beads
W
3. 11 Kjeldahl flask aslugageslisiu dovsuldansazareddh
o ar " l:';l o W [ :"1 d, - - 2 =Y : n';
4. mmsazawareoandeoaiandd hilaluaToenauTils®u (Buehi) @uiinaw

4

atludl0019 Ysua 25 Haddans ududnlmdouleasonled Wudyu 32% 50 Tadaas

e‘a : =1 o e a
msnaulasaanar PBdszuim 4 -5 wd duudauenTudlon 18 lumsazaiwnsauesndudy
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2% U3 100 daddnsiilidudmmeineueg 2 - 3 woa Tuviagiyuyuua 250 Taddns
nau ldansazaeaihlalulSuim 200 adans
5. ihdwinau1d I lawsadunsalalasnassn 0.01 uosauAgayd (End
" A A a o ¢ (e = - 1
point) Ao Fvosdudnmei/asunndihlailudyumdou
6. MUUALA (blank) WSouioudle

ac

AENITAIUIN
sy ldsau (%) =

= [ ml HCI N9/ ud20613 —m HCI A1FA0IUA9A ] x N 499 HCI x 14 x 5.95 x 100

:’ @ A " A Y
dmindlooen 19

3. mawangrnSmaluin (Aoac. 1998)
GRFIGH
Vlnsdoudimes

A Ans it

1. Fad 06 e s s (ﬁr wainilidien) TalipseatEnses Whaiman No.| Taoro
2 1 Teviodoeraaal Thimble Ta Thimble &o0d1a 5190 T

2. 411 Thimble larasluganenainlusiu (extraction unit) #uillasidedimosasly
Soxhlet flask 111/5umufiognoiing Idifanas adnediamuysal tRanonuyAlunana uag
aoumves Mmsasalaeldatszwect 21w

3. 91 Soxhlet flask lUsgiupieBimosoanudieuludeviignnai 100°C unm

- gy ) a4 - o - o o 3 o
45 W niovmihminnan nalmou 1 desiceator 1A A8 % TaTu

BN/ UIN

Usualuiu (%) = Usunalvsiunadald (n5u) x 100

HIMUNADE1 (NTY)

4. MIINNHUSINE1 (AOAC. 1998)

(] i "
I %3@10619 2 n§u Tefaalu Porcelain crucible Mudsartinuaz iminfuiuou

2. 11@29619 111U Hot plate Tu Hood smdludin lufiadu
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3. i lwdelumuen (muffle furace) igaingdi 550 °C auiludun niof
¥

o { a
damidnaan M 1douly desiceator
4,

. v
W hFaimin saduin Budni lufad sl Suiand

IBMIAILIN
Ysmadr (%) = USuaud () x 100

¥
@

UIMUNAID1Y (NSU)

5. myunnzHmdTanduly (AOAC. 1998)
REILYY

1. arazmwnsatwesSududy 0.4275 15813 (0.255 uosda) (Msaf sy
Wt daunu 125 nsualsuSinas 1814 100 Saddes §amindu)

2. ensazanslw@ou leasen ladnnumdud 0,313 Tuard 0313 vodia)
(azatolmdoy leasonlad 1,25 03y Tusiinau Usual5uias 1ias 100 findans msozaul
v 09151700 TemAeunTIS Uaiie)

3. msazainnsanamuy 1%

4. onTaioanasod 95% (fsiasaor5ias)

=t o
5. letonsabisos

R RIGERTAL
1 wwensliauluersazarensasiizduudu 01273 Tifats $1uau 200
Hanaas WK 30 W meaawms v lawsauas Tlsin wewaasaoanan
[ 4 . : g
2. nILIMIATMBNILIATedNI DMLY mUeT Aemndamidourate  ate ou
nszna hifinsamieaglunin
3. wmmanduasludanad ludy Wasazaio Iwdoududu 0.313 wossa $1uIy
200 dadans Aremnesnainnszaunses 1 lUdudeauiy 30 uan
=) : uy 1 1 (- -~ '
4. nyvamsarmwdnait udrduaznoudinirfonsunileh hifidamaong
5. mmanduasludaadludy Aemndleasazmendoduty 1% udaudae
: 1 " Tt - '
idousunileh luiinsamieny

= o 3 - L= n’: o - -
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nswhminmivon Frdauiinanszamnsosdinifoudnton

7 u‘f1"11J‘ixmu“lﬁuﬁ’wuﬁﬂaﬁ’uif1xxuuﬂ%“uﬂqaqamgﬁ"lﬁuﬁ'qawiﬂﬁqquﬁ
100 °c awidhminadt e minvesninfitande

8. hmnlumdelumumniigamgi 550°C wiu 3 $Tue niounsziel&idrdun
Uaoeial¥Buly desiccator Famnimiinidriilg

9. aunnlSuandulsludieds

¥ £
WTmanduloludedie= il ivesnin - 1hmiimd

=Y ¢
6. myannzrmlsnamisiylaase
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b 1
% a5 TuleinTe = 100= (%nmuius v iein + o luiy + %ol + oud)

7. maannzimdSmnaeziilaa (Juliano. 1971)
15405
L, 6xﬁiaan§qwf (pure amylose from potato)
laaou lensonlad anududu 1 Tuand

NIADLFAN YUY

e SR

msazanele lodu (loledu 02 pfuuasTdmdonlolo1a 2 N5y
v
aza1wi 100 Uadaas)

5. (ONFAUOANDIDR

il enradl

L mehnswinasgw TaodeezilaguSanioniudss $wam 40 fiadndy
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¥
o _ ar

MiuneuIB AR IRHITURLIRUAUITMIMInIinassuveseriiTae thasazaediod

ldldemmmsganiuveaasiinnuenaiu 620 wTuwnsdroniosmala Il Infines

wilsuneziilaa Tavsuananshiinsg i

8. MyAnzHISinadanon (Huls. 1993)
REIGHY
1. nInvanFmunn (H,80,)
2. nsalalasaaesmiuty (e
3. lalasounlosoenlam 30 % (H.0; solution 30 %)
4 landsun uoin (Na,CO)
5. TddmFeuariuoiug (K,CO,)
6. uauimﬁum‘luﬁumn {Ammonium - molybdate)
7. NIADBNAIAN (Oxalic acid)
8. 1Moa ( Metol » .n =methyl - p—aminophenolsulphate )
9. TamBuummluda Wi (s,0,)

10. <Si0, UIAND

i EATA
L mamnsuasgu
1.1 %1 5i0, u3gnd $1m 0.0428 niw laludviiifa
1.2 wunsagansadudu .5 Tadans uazlalasnunlosaonlad 30%
0.5 Haddns aaludloiina
1.3 hdoilifaiifdmmaudie vosde 1.2 T Hot plate Tudganiu
v Taifin Juda

1.4 thdawidifa 1inde 13 T lumuniigamai 900 °c 19anlszua
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1.5 Widawiiiia 9inde 1.4. eonnimmdleiifam @uduneuves ludoy
asvowa / TddmFvunifuema (1: 1) $1u9m 0.5 03y asludreiifa
1.6 vidwiliia nnde 1.5 fumumn mnaefigaingd 900 °C Ysznm 15 W
NIDIHIIU residue ALAIOEAUA
1.7 Wdawiliiia 91nde 1.6 091N AWM AXA0 residue Ty Arerindw uay
wlvidunasdiensalalasnassnidudy
1.8 MATATAILUDA residue 91090 1.7 a3luvrnlsuinsviia 1000 Taddas
Yiuaddausumsdoiingu udnhlnses
1.9 14Tinga filrate insoa’ld 108018 F1090 13 5 7 waz 9 fiaddns
Taaaluvamlsias vina2s fadans Jufi 15 mwdan
LI0 dnmsasaionouludionTuduian (5n5u vodion iy Tuauas
avmelinhndiduau 5o Tadans inznsadmstitit s Sadins Tuvandsnasvuin
100 aafas udfunnasuias) | dadaes aeluwmSiias 75 Ghate 1 5 luly
$o 1.98ans M3 3 win
L1 @umsazaionidoonanan (5. niu vodnspnenaianazatehininguy
ud NS uvnnwalFnes T alTunng Y 100 Saaans ) 1 Hanans asluvnlsinas
Wa s hudlo 110 wane i 1 i
112, umsazmuiinea 2 auuesiinea 1az. 2055 nsy vedlddmEoumwe ly
Fallit. azdoTuhndi- uastfilzinaslurmiBinns. e 100 Hadans udInsed)
1 fodeas addy vantSuies, W s-tlude L] udaliusutasdadnduunsy
25 fndans WvistSuing snadthadumsagat denaldum 25 1
Li3 b s mamsganduimiinrenndu 720 lusssdroniosanlaln
Miniliaos duvasinSoudon WounsvszninmnisganduvowasiulSinaudanou
(20 60 100 140 uaz 180 MgSi/ml) vel¥mumsduasilugid iy y = a + bx
vmnsofInmIUsnuganouludiods
1.14. USinadaneuiidsnoa 1dnnmadinsmuiasam fio X = (Y—a)/ b
Tav X finviaodlu Lg Si/ml
1.15. YSinaddnouludmedieszdmnn ldvnaunisdaiae
Si = SEXox80] =B
[Vx W]
Tae si Ao Ysaddaouludietns fimicudiu Lg/ g dry weight

v Ao YSuasvessiedtanld dvwuaedlu mi
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v ¥
W fie dminvesiieiianld  Hmiamiy o
50 fe YSumsvesvaalsuias A1dUsudadsuas
B Ao AnfSouiivunudions Tasd s 1dnnutlei 1 1dvimssauls

1.16. MILAVMIUNUA (degree of substitution : DS) A1 ldnSiadaney
¥
Tudret1s dsaumsse luiine

DS = % Si X <162
(100 -% Si) 28
DS Ao mszAumsunui Inedy Tuaganoude Tuaudls
¥
%si e _asmuganeulugl %imiin
P=) o’ o
162 fo umuniumqmmuﬂa (anhydrous glucose unit)
¥

28 Ao dwminlunnavosdanou

2. AEMMUAIR (Blank)

' . v
2.1 Fautledhradif i iddnsdamls $may 05 ndu (Wynazivunou@en
W
AUNSHNgINATFIHIINTUADY 1.2, §4 1.7

2.2 eI aLaIuee residue 9090 2.1, aaluvaalSums v11a 50 Taaans udn
¥ "
Usvaunatalsmasdimindy uduililnses

2.3 Q@ filtrate NADINITNINAD 2.2. smiuiintlTwnsi 19 (v) Tdasluvanlsuns
YU 25 HAAAAS

2.4 thumsazmoten Tutos luduaa 1 6aaaa3 aeluvadlSuiasiil filtrate
¥ ¥
Tudo 2.3, Aana 13wy 3419

2.5 i@NaIsEaeNIAeentan 1 taaans adluriatSuias lude 2.4, danield
-
WU 1 W

2.6 lwumsazawiven 1 Yaaaasasluvant/Suas Tude 2.5, ud15visuas
¥og o 9 = Yy 2
Froindusudlelsuas sunaamivulua s azats dana 13wy 25 wid

2.7 W lddwmmisganiuuasiinnuenaiu 720 nTwwas Aunsesanlala
- o
W nfinos

3. msvSumaganouludiogis

I.J @ ' o o - s o é) LY -
3.1 FIA0UWIIUIW 0.1 - 1.0 05U £ 0.1 Hadnsy (W)  vusgnudiuaniim

' ¥ ¥
duvoams lmoudlddaus  nazihdureudnafumsminivinesgiu anduneu 1.2
fa 1.7,
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3.2 MA1522A10V04 residue 1190 3.1. a3 luvIAS1I95 YU 50 Tadans uda
YivaudadatTinmsdroningy udnihlunses

3.3 90 filtrate fi0emsnind 3.2, satufind3uinsild (v) Tdasluvanis
YUA 25 Uadans

3.4 wvmsazmouen TuflouTuduen 1 TaddnsacluvindSmns A5 fiate 1y
$0 3.3, dana B 3w

3.5 @umIazmensaeensIan 1 aaans asluvaadSias lude 3.4, daneld
TRITRRYRLY

3.6 Wumsarany 1 daddas aaluwadtSmeas ludo 3.5. udsulSuasday
vndusndedalSuas ety lumsazat fafia P25 1t

3.7 Wl mdmsgandunasiinnuiandi 720 v Tuings SonsesainTa Ty

Tniimod wifnudanoulagsiumnang maing g
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a ¢ P & do e :i
1. MIINTEHANUHLAAIATIUT HUMAB ozl lans Wl (Mn. i 625-2529)
Fansizd

Y 1 - : @ a s :‘ : o 1
1. Hedodredailniminuds 40 ndu weduii 818 amun 500 n3y dasly
A o = & [ e ) a

nTeIUsNUMABs ozl Tans v delddamTeuniondmsunisnaaeuuds

2. iuAMTONAIWEAT1 1.5 °C/ 1l sunsziiediaguingl 05 °C nazaa¥iiguingd
fiu 15 wiindanosangumngiiasludaiufvaiusudegungi so°c

d'l o a o = = " -

3. wyamioawsnuuwaeieziilansi anvgdnvaznauazlSoufoumaiumila

unzquupiifiianannnnsznindedutdanlsfudiesiutlisssuman1dninite

¥UARIINY

2. msdnnzHmaniAimassduAni (Huangrak. 1995)
BRI EATALT
[/ Farotrandh §1u9n 0.5 0
3. Ao 1. 150 a5 b mnesune 250 finaans
3. mdetathando 1 aaluiinmes Tuso 2.

4. SunMNNReNT AN IMIA RN YA 19 ve dTinine S

3. M3NTIZHNT Response angle ( AAUYAINN Aguilera o al, 1995)

Qs o

5NN
- 1 steles ] o qy ; a9
I unTouvio % vinaiurguenma 3 1 g 447 fiihuida
1 Aot
2. 1NeRITFINGD 1. aduUNTZAN
) 1 ] i~
3. mutlsRaetsasuuvienIdvuidy 19 Spatula a5 on
' [ c:sc:ld; o ' o o =
4. fiov 7 eI ITleRItavE R IAdw AN AT AuuTl T iia
ar - o = - ¢ = 9 o - - o o
5. dayuingvesnowisdwnesdiesundunled Taoldesitouadunlodia
ANNeveIgIuveIneutl anwenvesduiidadugiu snuiinll

° o - ' ' @ )
msfan  Tavananuonvesguidald udwimTeonduaesdinum q du w 9ans

3 a - g J 3 4‘::: o

nawoegiy IdaniduluuuadimSedminassiull smiuananuevesduiidady
] v ¥ "

puiiald Tusseududulunndaddwedtuanuenn vaiudayuthuild hlivnau

o o - P o '
fiu 180 99p Az Tdyuumaunieyuiiguvesnoutlidiodia
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1. ANMUMUNEIAINANAZMSEA (tensile strength and elongation)

1aeg3Tms Standard Method D 882-91 ASTM (1991 : 39-47)
guUnial : 1nT09 TA-XT2 Texture Analyser England Taulimagouunuudiil
anvaziuianily 2 ¥ daszeyviredu 20 Sadwns

=) L) ' o oo a a -~ £ 4
5013 : AfalogeNaY ﬂ%\! 15 Uaauas 817 40 UaaLuag Uﬂﬂﬂ'lﬂ‘ﬂ']d“r‘mﬁ'llﬂﬂ

s " o @

1 4 ' - ' @ 4:’
motnnuimareuliniy  udNedadawdnthanils  Taohilddaiuly  Tuaissusy
o 1 1 q‘ 1 1 .=;4 B @ é Vet 1 oaw = =
AvUNMIUNBYITENINNTA  Tumaaey lavlSuniemarouldiaisasdilumsie 15

i\ F »
UAAWAT/UIN 1agM load cell (MNY 10 Alansu nTeedailozdadifumSosfind 5109 una
i v =2 5 — b - g '
WA IR NI IR 939 (tensile strength) 813 HABE1MADUNS DU AN IVOURES 1aAIT
= Y : s ' ' o' 9 as vy y;’ v g
Uus NN e sumens liadueue Wdand e 187810 s dumiunsg
Aaa (A lansudons uiaawas) udnhinsmlasaudazdetaimanowmstag ( fAa

4 o - W
wuesudnisiana )

MM
MNSNUIIIT AR = Ao ld (ATansw)
o ™ 1 aoa P =e oy o
(N laNTUADMTHWUDAINAT) ANUNA1S (MARNAT) x AMNNU(DLATIWAS) vaaNay
-~ o - o o&‘
NSUARNI( % ) = TULHAATVDIVUNATDOU X 100

3
ANNONANVIIFUAIDHIITL UM INATO (adiung)

2. 8ATIMITUHINYDS10111 (sheet materials-determination of water vapour

transmission rate-Dish method) MIITUD4 ASTM E 96

v
L]

gunsaluazmisindl : Aronaoumsduriuveslen
- - o J’ g HR
InToINDTANNUFUT YNNG
INTOIFINATOY 4 Fini

W15 LazFan U aNouI 1A
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o

M3 : dadeduidndurnasnnaduiguingis 7 mudiwns §egas 3 Sy
lavipdndoalsminseoiu Ia 35ueaiu 1 thulahndenaaeuiiisanmad
I " ' ¥
suidwssqoguiinsouthndrsdomsuied i iseuss i luFaiminedreazidon

L] o ﬁ; = 3 ar a LY { o o
wdnh luidudganagi 27 £ 2 °c avwduduing 65 2%  Sufinnsnloulanima
N0 24 ¥ Tue Wuna 4 fu

NISATUIN :

5‘Fl'a‘ﬂﬂﬁ°§llﬁmmm\lﬂﬁ1 (Water Vapour Transmission Rate = WVTR) = CG/t)

(NTUADAITIUNAT. 24 ¥7T19) A

TaenG 7t HR3 1M 56 deulasveniminaena

L4 v
=4 (% U

A= NUNVOIRI0EI = 2827 1510 URIUAS
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1. FEmstunamsdfulSnannuduveadlafideams
ABNIIAIUIN
L asealSannuduvsadsdadnindidudy ety 10%
2. AeansulSmannduveandlsnnde 1§ 13%
3. Yhnanhiideaduasluluudls asnsodmanlddeiiae

" i ¥
uflaiinamdu 10 % wainedls ufls 100 a5y TFanhey 10 n$u uazdudiu
o ¥ ' o v A o eg '
YoIveAILT 9Dy 90 nTu 1Tude uflsiifianuiu 13% wudh

a o o @ A (& : o
USuimvesve i asuau 87 nsu HuSuanh = 13 A3y
Y
UTunvesvoand st asuau sondu TUSuani = 13 x(87/90) nsu
=, 12,57 N5

b ¥

A i "
uadFmanhnlegid@uiiny 1003y mszariudTnahndeuiusglia iy

¥
12.57 - 10 = 2,57 nSuaoutlasiuan 100 sy ﬁaﬁﬂﬁa}ﬁwmm%mﬂu 13.%

2. SEmssnaanBnatlaadliimsdainiau
AMIAu
2.1. Twswa lasamond laamu ( Propyltrimethoxysilanc )
fignsTasead e CH, = (CH,). ~ Si - (OCH );
ﬁﬁmﬁ'ﬂiumqa MINY 164,28
1{1ﬁﬁﬂ 1 Tuausauls (Anhydrous glucose unit) N 162
YSungvesats Iwana lasumend lwau oty Tua 2 Juaudlants
udladradnafimandhndudu 10% megarwd ol 1 ATanss sxilTinaniiey
100 nSu  waziludanyesewmdanisoy 900 niu nievndaud i Tuassiiduiiy
900 /162 W30 5.56 lua
Sanududuvosans Tnsnalaswmnond Taaunl#ifu 0.01 Tualuautlats
wineanu udwds 1 Tua desmsUSuwms nsia laswmeondlaau = 001 lua

utlta 5.56 Twa doan1sdSuaes nsia lasmmend lanau

= 001 Tua x 556 waudlwis = 00556 lua

1 Tuaudlauda

1 Twavesms Inswa lasmumend laay 164.28 NTU

I

0.0556 Tuaveams Insna lasumon® laau 0.0556 x 164.28

= 9.13 NN
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v 1 4 ¥
Aoty uflsd o 1 ATansuiiianudy 10% Ailduvesvoad e 5.56 Tua w2 1¥

UsumvesInsa lasiwmend laau mady 9.13 nsy

2.2. INATIONONT LA (Tetraethoxysilane)

igaslasaade si-(OCH,),

£

iwinTuana midy 208.33

AR Ut 2.1

3. MIUATIZHVEYAUUY Multi Regression Y0 IMINADWUY RSM

o ' a e
AIDUNNITHITUNITUDY response angle ﬁwmsamswmmu Multiple Regression

1INAI1T19N 4.4

{ ' al 4 ar L} ar
MITWHUING Q.1 uaaamiautlss@ANBAIU response angle U0 IRAMLI613 9 LAzI=A LA

vousUN IRInMs e 1einasa

aunlsdasey Coefficient Standard Error t — value Sig — level

ﬂ'mqﬁ -44.1959 134.646 -0.328236 0.7470

X, 742259 341118 2.17596 0.0449

X, 0.469256 1.3188 0.355822 0.7226

X, -380.298 195915 -1.96257 0.8469

X, -0.287155 0.416624 -0.689242 0.5005
b Vg, <0.0504229 0.0422881 2119399 0.2504
X, v X, 0.00046131 0.00380593 0.121208 0.9050
X, *X, 118452 13281.% 0.778079 0.4479
X * X, 0.00067381 0.000608948 1.10651 0.2849
X% -0.03125 0.0169602 -1.84255 0.0840
XX -29.1667 33.9203 -8.59859 0.4026
5 ERail 0.000833333 0.00678406 0.122837 0.9038
XX =125 10.1761 -0.122837 0.9038
> D -0.00025 0.0023522 -0.122837 0.9038
X*X, 3.5 4.07044 0.859859 0.4026

R -squared = 58.2421 91nA#1 1A1INNITNAADY
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! o '

aulsnezdsingluaumsfie dwlsidissesuanunandia (sig — level) 10N
4 il '
0.05 AnduAwlsisrdsingluaunisues response angle Tuntladhaudiirunisgaudsdae

4 a. o o @ u o e 1 ] v
mnoudndmgaei fio duls X, dawdunlsulumsnlivonglueuns  dlosnnian

1 1 o 3 o q’
TTAUANULANAN (sig - level) Fan310.05 Aaiuve 1daunisdail

1 =

7.4226X,

" ¥ "
die X, fie Usnamwiuvewdsdaidwaunoutioudunioadningined ()

A0 NMITMITUNTVOITEAUMSUNUNAIWMI TN LY Multiple Regression

NA15199 4.4

d.. U ar -y tx“ L3 d’ Qs U o
MINWUINT 9.2 ueraedudseAndassdunisununvesdnnlsmne 4 uazszdums

gousuN 1A nmshaszinisada

aulsoasy Coefficient Standard Error t —value Sig — level

sl 0.127162 0.0498433 255123 0.00213

X, -0.00147968 0.00126275 117179 0.2584

X5 -0.00116188 0.000488191 =2:37998 0.0301

X5 -0.671798 0.717316 =0.936544 0.3629

X3 - 0.000188658 0.000154226 -(1.22326 0.2389
T, @ 0.0000211822 0.0000156542 1.35314 0.1948
X, *X 0.0000038564 0.00000140808 213722 0.0146
X, * X, 25.3256 5.6355 449394 0.0004
. Pl 0.000000937 0.00000022542 4.15679 0.0007
¢l 0.00000464583 0.0000062783 0.739983 0.4700
X 0.0207917 0.0125566 1.65584 0.1172
) Lot G - 0. 000001625 0.00000251132 - 0.64707 0.5268
X*X, - 0.0003875 0.00376698 - 1.02868 0.9193
XEX, - 0.0000008225 | 0.00000075396 - 1.09172 0.2911
X, *X, 0.001215 0.00150679 0.806349 0.4319

R - squared = 95.2711 91nA MMInN1sNaa0d

dunlsiezdingluaunsiie dudsifimszduainuuandia (sig - level) §n9

v ] " v
0.05  faiudulsnwlingluaunmsvesszaumsunuinluuflsddndunsdandsdae
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mIoudnamyned Ao Faunls Xes X u0x X, dauﬁ";uﬂsé‘uiumsN"la.iﬂﬁmg"lufmms
11090 EAUAMUANGN (sig - level) qen110.05 dniuey Idaunsdail
Y, = 0.1272-0.00116X,+ 0.0000038X,’ +25.3256X," + 0.0000009X,"
o X, fe gamgiveswndisa (°C)
X, fio anududuvesms Insiialaswmondlwayu Juaduautlants)

X, fin Anwisouany (seuAouil)

4

Y, A9 szAumMsuNUH

4. IEMIMIUMIMIgATIHINZaY (Optimum point)
MIAUIN
91AteruM3 Differential - INAUNIIVOIAATATL 4 voaanzmsnanlumssands
uthdradrifusgdunmsumidicy,) weamnaise 9 lavofoiTmsTinTaziuuy  Multiple

¥
regression FININHLIN 9.3 9z ldaunisfad
Y, = 0.127220.00116X,+ 0,0000038X," * 25:3256X," + 0,0000009X," ...........0. (0

0WuiTMs Differntiate 1 Y iflvuum X fazd soiusinaumsey 14

dY,/dX, - = 0-.0.00116 + 0.0000076X, = 0

o X, Ao gaingiueswdisa (0)

doudunisudaor 18 x, = 152°C tha1 X, wnmiAinaluanns i |

v ldoumslmifie Y= 0.0386752 +25.3256X,+0.0000009X, ......(2)
nigadavesauns Q) daoli x, = 0 9l

wldoumslnife. ¥, = 0.0386752 +253956X, .cctivitrnriiinnn, 3)

udaumsiionial X, Taoldaums X=X/ b'-dac ...

2a

wldm X, = 0.0391 Tua/Tuaudlunts
Aueudvatiuainauns 3) Taeld x, = o

wldoumsinifio v, = 0.0386752 + 0.0000009%, .........ooevrereenan., (5)
ufeumsiomm X, Tavldauns @) oz1dM1 X, = 207 rpm
o X, = 152, X, = 0.0391 waz X, =207 asluaums (1)

wldd v, = 00776
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Uszingive

W qivediyes Maduil 17 wwieu 2501 Angamnuniunas dudansane
ussndAnmIneulaivnn TssSoutmuaen Tuilmisdne 2520 wazduFamsdnm
Imnmaastiugia (@uinnmaasiazmaluTagnisemns) 1INUMIIN DT Iny
=1 @ o = o =y s = -
Unmisfinm 2525 Thohusunsmaiuondsluansdnemand vniinedesiuniuns
e dszmuiias  Fawae luseduInoenansumituda o aonfumaTuTains=oon

maudammismanszis uasdiSams Ay we. 2544





