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( Producing Edible Film from Cassava starch and Rice Flour by Solvent Casting)
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1. Aduu3lanld (Edible film)

Fnslaald  mneds Saquinuniiudlanl§innidfuemsTnendeuiaves
mmsTﬂﬂmw'%‘am?uumiu?lﬁu*i‘fumfiauu.ﬁ"a‘ﬁaﬁ‘m113’5'?1’1101141‘3Tﬂﬂﬁ%nqﬂszmﬁsﬁaﬂm
fumorvasmimudheenvesiny levh lesume ssazane gAunsd  wemsduqun
213 Wé’uﬁm’?tméumﬂ%mwﬁﬂLﬁu'm'i’ana'lwﬁﬂswﬁ'uiﬂm‘immﬁ’ﬂumsLﬁiummms
udnzasiinuldlss Towd (Guilbert, 1986)

1.1 viavesauyilanld #awuSinaldusenndiu 3z afiandng fe Wauldsdu
Raudafia uazfdunedudnalsd

1.1 Woulds@u (protein film)  lullegiumsfnuAdusInnlden
Tosufnntudesnndhidiiifnmuduse  unelquaniafunndrnuveselda
wenunil lsAudlinaimeemagsdndas AauTusiuitmsdnun1dus RduonTusau
FantowazAduonTsAudned dudu

Heuomlsfudamdes Tusauludamosdulngdudiuves 7s uas 11sTnaydu
«‘*N“Iumf]amaﬂﬂsﬁuﬁqﬁawﬁﬂﬁmmim%auﬁuﬁmﬁ'uﬁz“lﬂeff'a'lvlﬁﬁqﬁuwumﬁﬁqg‘lu
mInandy ﬁﬁwﬁﬂfrm?ﬁu"lﬁ'mn’iﬁqﬁwﬁ'ﬂ do dnmdamdes (wo uag Bates, 1972)
vielusAudundosada (Wu wa Bates, 1973) Aontiinmsiunaran lswed (plasticizer) (o
TAduiinudangu uazﬂ%’uﬂzaﬂmﬁnﬁﬁﬁqnaiﬁﬁ%u (Chuzh uagAmME, 1983;
Brandenberg UAZANE, 1993) ﬁﬁu%ﬁﬂﬁﬁﬂmﬂuﬁﬁﬁ’uﬂ155§uvhuﬂmaaﬂ&%u‘lﬁﬁudﬁums
Furuveslerh e mﬁzﬁﬂmuﬁ'lu%"’aqa AéunnTusaudamdesiaumatinn
v3 Iandudauilseneuveslnse sndudledioy venvnilfniunedlouaviernly
aglugiliniidosnts iu iy neude Mudy
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Taevh IfTdnuaemstamzfuvemwedesuas Idnunsdangud (Genadios uaz Weller,
1990) em‘i%’aﬁLﬁﬂuﬂﬂqﬁuﬂﬁuﬁﬂﬁﬁaﬂwmm‘ém (U Aydt uazane (1991) Anugaaudia
nNnauAzMaNLANUMIFUAUNLD Ehiitduit laermmdu uilnmudsusosfums
Furuvsseendisutazaiiuoulneenled 148 deun Gontard uazame (1992) 1@AfHe
DNINAVDINTZLIUMINANANY) AvfuauliAveHdY el 1993 Gontard uazarz 1
fnvunnneewwanad luwed Ae 1‘3‘1 oz niweseafilinadenmatAnsAumsBurm
vealedisndae ‘

vennnilduTilsAunessiafiimstnnfiduannTlsiuriiatug 18ud Adunn
Tus@udnIne (Genadios uBe Weller, 1990; Aydt wnzame, 1991) Naunnlusdund
(Mahmoud uag Savello, 1992; Gontard Ha¥ANE, 1993; McHugh unzany, 1994) Raunnndu
(Avena-Bustillos L& Krochta, 1993)

112 Fdudfia @pia fim) 3fnlifiondugShurndlduusor iduas
wdouTasiagusrasdiioz Iinooddude Wy aamsduafvesiamaifssuiunmsen
& videllosfumsdadiihae amlssnevdfianaesiinsuiwediiama luTundwe'lsd
(acetylate monoglyceride) lus35u9A unzesasiannsatinnldfiumsndonid fedn
volldudfa  Tauadulusianld éﬂﬁﬂmﬁuﬁﬁﬁumﬁuvhummmm%u"lﬁﬁmﬂimn
mwz T iiuuas Tuis wennniiftguanlewisuues lunrsuundesaeansasins
unsveundeonu Tmeadidems Idassannsalfnunrududuvesasfudeiinaves
o115 Blddunanin AdudRadnailaniis fle asiedn (surfactant ) Msmdouemsdae
IR TIwand1 2emBsUeNTiIR (water activity, A, ) FiRInTNEIe IS HazaRdAs
a1sszmeveindesziidmndenanmuesemisdias Tavaniildnadiiqe de
wonneseddsiinyaluiuluTauana ( faty alcohol ) TS WIUATUOU 16 -18 BABY NAlwe
FaluTuwiime waentiwesalyluaifiosa (Kester 18e Fennema, 1986) wononilums
waaruidunnTsiu vie weduSnmlsadildaRasndraedelSudlsnuaniatu
msFuiTuesn I

1.1.3 Hduwedudnmlsd wedudnm lsanasriinamnioldndafidy nie
asndouniInnldudidosnnssaumavesnedmedimdiseuh (hydrophilic) 34 laimung
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f‘%‘uq uanmﬂffﬂﬁ'uwaa“wfmm'lsﬁnNﬁfﬁﬂﬁ'ﬁhﬂﬂmﬁum‘iLﬁﬂﬂﬁfﬁmaamﬁm%’mmﬁﬁﬂ
uazesiisznevdun luemnsifind  Mediidimodudnalsd 18us Adwnuead
na (alginate) fHenlfluplImdenuondnahiffdntuunnGonlosoudeeglugilves
unaiFounne 154 msm'ﬁaué"aﬂﬁﬁwﬁﬂ‘imﬂnqﬂa’f’f‘i’uwﬁmﬁmwﬁﬁa Tngezsrsanmsgsy
@erhh anﬂ?mmqﬁum‘%éuuﬁmfa $nunfunsveuile desfumseenfinduveddfin uas
saelitlodusiavowanfauaiitu (Kester Ling Fennema, 1986)

Hauoweyiusveusaglan  eywusvsamaglaafiidlunsniafduns nnlded
Tugdveswaglaadmed loud mfvenFuinwaglas wiawaglaa leasendinsdia
afinwaglag  vSeleasendInshawaglaa (Graham, 1977) lunswaafdunnwag lod
t“)wms"tfuﬁ'n‘la’f's"mﬁ"uﬁﬁﬂLﬁaﬂ%’nﬂqaqmﬁuﬁﬁﬁumﬁupi‘mammm%u‘lﬁﬁ%u (Kester
1Y Fennema, 1989; Greener 402 Fennema, 1989; Rico-Pena iag Torres, 1990)

Hdunnamds Adumssdaidunnamislneasdifodidufindannamiadn
TnafifuSesi Taogederunisfinulse (Roth 1a2 Mehltretter, 1967) uasHdufinanain
eziiloadaduesdlseneuvesamisifigudnvazaunsofafdnld uddesdimsnendau
ponufie1§iduingiulunswiefduuuuesuion (oblate) Ao Idsamfusaniouasiu
wildiamfuiu RduiIalind Lifinduse Sarwudauss Sangu Wuiuan Tqueudd
aumu lusiu (grease) 49 U oBnTIUTUAUASY18d (Waamiing, 2534) uddeidoves
Neuwiledl fe Hgmlumsazmoesii TamiewSenduddeldgnnglganeldanmgu
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A3 Inn l8Ratunnnshldasficwsofeiduazmeniensneda  udald
3’%&1@@11umsusnmsiﬁaanmné’hﬁmzma i mohidaahezaessmelyd  msdy
sidnInsladieldfieiuszassfudn mslfunudiunsa-we FeSenh Tauenmwen
Fui(coacervation) WielasmsihlfasiifaNdudmasumainded (solidification) Ny
dszmuldfesfilszneundn Ao waﬁma%'ﬁﬁlfmﬁ'n‘lumf]aqae‘*ﬁqﬁﬂmﬁuﬁﬁsﬁﬂﬂﬁﬁlﬁ' Y]
azaneuaza1siSetudunuas ldileyfuljeqaansAvesiidy (Kester 1o Fennema,
1986)
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=) < Ao A @ w Jdo cy o/ °
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. 2 + dad a
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= ) d o o 1 S o A o g &
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dauaane lumawSenflduiu - arswSouidulaeldesazaengu uasiliiduutalae
A = (73 v/ o o
Wanwdounimnzay  maedhldguvgigeehlisanmszmedvhagmedudulal
=y g 3 & t o o &
Tuanaveswedwesgnasneufiaiosdeauysaivilfifagdin (pinholes) iavhlfwdy
T ; l& ' Q‘ 3 .4 ~ O g Qe
fianuvu liedueveduihldmsuiuvedliduiniiy - seAuvews IndFudeguauia
deqvesiauldud anumuninaImBaULY (compactness) A Taliadiugngu (porosity)
anuannsalumsduru (permeability) AWBAvgY (Rexibility) uazanualsny  dludu
) ) P2 < @ 3 o o - .4
daunsdnriianiis Ao ussuendFuodiuusssenin luagaveswedmesfuwaiad luires
é =i r Qe 8 1 Qo
a9z Tinarenuauianien vesWduuiy (Banker, 1966)
a “a o [} & o
Graham (1977) efuen@afduninafiawaglaad  divazatewiiamwag laalu
b 4
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gfazaisesinadunousis Ao ifanmswesuiiowwindl Tumgavssasazanedi 1
' a W A & 4 . o ' a
unsneguaizfgafiuanunilavesmsaznessmuiubos doumiussszninmeneiwes
o 3 Y s A o & a 4 a
sgnihme Mldaie lgGunszaed arumiiaoansuazacidlenmsnszaieves luanaiia
U * : o 1 & id - 1] T =
sguauysal sEniNNIEmevesaIsazae  aie ldeziyendedulv lduiiduwiia
wrag laadfims@uwanad lewesas limsdend1ies Tunsnegssviseewsdwes hid
] [ U d&’ U a Q'I 3
uiuRduiinubanguatu daumsifafdueinTisAudumaeniy Gennadios Weller (1991)
ouied Weldanufewhuutimdessubssaumilsesihidlassadeawiidueslilsdu
v k4
dlasennydalansa uazemelddmdrn lifidanaieds ngmunszeieds ssrdemsiuts
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mstuglddumnsavi lnmeiituegiusagiu@ld atugitsandadid
dosnsludvesgaamnssy  udszResnIugugamgiilinnzay m&alﬁﬁﬁ’:ﬁuzﬂ‘lﬂﬁ's
flaifinsihuildues Wasuaue Aminuussuazunnde (Bank, 1966) FEmstuAdy
fivaedtAaeiu Ao

13.1 nmensazagaduniagai1eg (solvent casting) 11 1966 Mart uoe

anzwdsuidunnamssitlSuuesiladqe (amylomaize starch) Insmsmasumusy
nstenindoudalay udahlihudidarnudoy Aduildidansithmas avmeild
ﬁami‘]msm‘s‘auﬁﬁ'umﬂuﬂaﬂﬁ'm%mazﬁ'uﬁu;ﬂimxmsmdquNaum‘lumﬂiamﬂaaﬂﬁﬁu
NIRRT SUFIUNTUATS TIBAND A ?ra‘lﬁﬁuﬁ'ﬂuqmmﬁﬁm Hefuf 18T Rungu du
W@y faammn 113 Tulaswns (Wueda, 2531) dvanluill 2534 yaamiind wisu
Huuny eovmavinamdy Sumeosiy aardshunesdlacuasdu  Seinsiinde
fu e mauwavasluon Tanznesaiiudimdaniniuily unzhl¥ounedssumides
HAZIVEMIALIT ?fﬂ%"lﬁuﬁuﬁﬁuﬂaﬂmgﬂ vhuﬁ'q%’Ju‘lmfnﬁaﬂﬁqmmﬁﬂszum 40-50
pernenifes AdufldTianumun 23-63 Tulnswns

Kester 110 Fennema (1989) dugifldunnwaglyedmedunslufmmuurunszen
Tne3% TassnTans iuuusuing (thin-layer chromatography) udathliudsfigamgd 100
pemnsaios Aduitldlinnumuunie 0.01 T8uims Uiian (2537) ﬁ'ﬂuﬂaqﬁﬁﬂﬁuzﬂ
wiuAdusnutlatudiendunzuthdadouuubiuidunaafonedeftuaumuuniy
#1LDPE) #edawufumamanaeaaiusueufuwdniludsludouiuumnn (ray
drier) Migmgdl 50 svrnwaden Heui 1A TYSaua Mg niiduiafmenaanBeushi
drudhuitduireinmai

13.2 3tenangii (extrusion) sedilszneulumawienddy 1hud aaaii

fosilandoeas 50-80 wanadlwweidesns 0-30 uaztideens 20-50 MU ldTinndy
§ouaz 4-15 aNUVU 1-4 Ua ( 138 (mil) =0.0254 Fodwas) (Mumma, 1967) UAEABINNS
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oy =y \J A [- 4 o
waadauus Inaldnnamsy Seni  eoumafdy FusTouninmnauaaisydrudidusy
4 Y
naRmintes MlddhuwadSenwdugfhuiiduuugnatsiou 103-108 ssrnwaiFoa
a . o d 0 1
wyudeanuEa 70-110 Sunfideseu iwdunIdunvhutsdrsaufousufinmduesas 13
73 1 & o 1] g
Routidnuazsingdiuaieq 1nann zﬂswLmm"mujmﬁmnyﬂm"lumuﬂummw
QA af d
14 pueuinvesiauaznmaneu
matheaylihiialanidflunsusussy desdiledelnssadraunzauiians
U L] 3 T Q o -
W Tesildueliguauidnuleiuediuesmlsznomnuniivesmmedwesnan a1y
1 = é - U
uds gas uazdsnuman  dsensedaduunauiAvedlduldndug (Mount, 1969) fie
auid nemeaw ldun anuldsuas anudlutuan anuvun audianmasidAwand
4 2 3 :’ - P L [y
Taun ms#fusuvesleth (water vapor permeability) MIBuATHUBIBONBIIU (oxygen
» £ ! . 4
permeability) AUTANNND U MSAUNIUUTIANA (tensile strenth) FIVWEBHI A
¢ d = & ] Py S H
AsovesidunA s siagnseinlasvesFunaaeusuFunadeitiuin  ms
QU L d e/ o A [ o
ada(clongation) ATNNUNIUABAIINUVIA (folding endurance) Fevaneddruaumisna Ta
oS A 1 o A 'D Qe &
WU (double folds) M lFurunameuvannfudeldusfanidmun wazauiAFnny
[ ] = Qr 9/ dwv a und' ] (] 9
fouru msdaniin manada Hudu uennaiideliouiansuliudensussg wu msdm
) 1 a oy : [l a0 e a a
ey Bmsflddsedumauifdisvesnsuzussgh llawnsous Taa ldawnsaii
uldnaaeuAdunsinald  udedelsfawdAduusinalde lasudnsnanniledevesds
. H A ) ' & & v & 4
wndsuunnd IesAdundunedmesiivlee lremswlasulaaudunin  aaiudf
§ ” o de d o vel ng @ @ d o o 9 a
anuFuduinismAdulnezuen ualarduduinigduszuanesiliguauudns
¥
YIRFUUDEU YR (Guibert, 1986)
e d = A 1Y o
anemsnagevavidvesidulinarsnaspuidiunsfusesninennsuing
g3z 191lszmel (the International Organization for Standardization, ISO) 11 APUATS
[-3 -] 1 d' J Qs - oy
naaeusmualfihusuRduludoiRanududuinifosns 75-80 uazqungl 20-25
lg Qf QU ~ r-% L]
ssmadsavseanududuinidosas 65 uazqungll 27 ssmwaden Junaednies
ﬂ.l arey g T Q -y
24 $alus Hudu mezauidnamenmessiduiusgiuanmmedon gungll uaz

4 Q/ Q) ‘& -3 - & o A
anusudiminiaduiudomaneuluanmz@siiuiesannuiulsidesiiga



Wesnnmssdanizusussynduuandieiulyanudnuuemsidauidesend
autiamemenmuasnmenadiuiledod iy wu msﬁ”:qqﬁ'aanﬁﬁuﬁﬁmséuqasmv{eﬁm
wigumgidmiumsilaninlduasfissfumanadad:  Fdufh T dviedrunioenass
anunszdne (stiffness) unzawAMunan Eudu uenvnfinrmdesmsadatuns
fouduigaudnmmuluiuge dndadasiilefomniduiifisarnsduimves
amduiazeendioud farmdnmmeluilda

RauuSTnaldnn sy (Wu uae Bates, 1973; Aydt, 1991) uazwodudnailsa
(Kester a2 Fennema, 1989; Greener 40 Fenmema, 1989) Fufdunnwedwes Rttt
mm&mmﬂq« ildtigueuialunsdudiusesfie1da uRfunTsves T dve
d’mqmﬂnﬁﬁw1~1ﬂmfuﬁ"lﬁmssﬁuwmﬂﬁ'lqma{%zahﬂ’lﬁﬁnﬁ‘lﬁ'ﬁmmﬁﬁmjumﬂﬁfu i
il 1zuand1e (Brandenberg uazAnIT, 1993; Gontard WOLAY, 1993; Park UAZAME, 1993)

E 4 b4
1 QA U U @ L] L] o L U ) &
danRduamiuliguauiatumsduriureslerhldaumnlslisyldwiuiduriiaou

2. Wauu3lanldomudls

s Tnaldnudefitimasdand  SuftdunnamisdinTnefitfinaesilaa
qedviunsdnuls Tnensiduny leason Insia (hydroxypropylated)  daudumnnudla
siinou lifimafnuesneieds ednlsianguanidinasmilidevediduanutieid
wuReafuiduus Tanldsiatu 1hud e Tbaucwesdldy aamwdeuvesdialdy ns
apumuBsABRIWAY tnzmsazaneh dhudy Feufndannutleierinfuse Wanauia
unnseiy FAduudlefindannudlaudulendmSoudafudfslinnubandu msdnmude
wsedswn  anundeganhiiduiinganinuildn nauozudler®  dauquaaniamsazas
vy SdudleildnnReunsdausniy T8ud wllaudnlends udlaiusds azaert

TRanifdunnuilyiy uaslinnuTiswasnnnitdie (Whistler uazame, 1984)

3. waadlswesfuHduu3ianld
3.1 Anuvay gauEtin wazsyiiaveswaran lutse
Waa@ lwwes (plasticizer) uilenwuss TUPAC wneds ensfdnlilsawegdiu

NAAANNSS elastomer UAITIBAUAINOBUAT  AuAmUAenslFIY uaznstaan
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(Bakker, 1986) wiaiiu 2 1lszian Ao waa@ lwwed nouen (extemnal plasticizer) Wlues?i
dvadlluTassadunedwesudihldifamsBedounfomsdunguuesluagn  tles
nananad lawed llduBatunefmwesdewuseinuivAegil (secondary valency) hlduss
sewinluanauesmeneiuesfieglndiusoush (Mellan, 1961) uazwanad lwmedmelu
(internal plasticizer) @iuarsfiuaslludnimihfidiuassudielunmsfanedwed
(copolymerization)(Billmeyer, 1962)

quautavemaad lwwefiadesuiuidodfusunedwesfildimdy
(compatible) TnefiusesznieTuiagavesesfisdosndonieiu figadieage smeIn
azmwludnaraef 1918 wenondinases g ndu e Widluy uashide s
(Beerler Wn% Finney, 1983) f119watad luwesitlnuausamnsauezdaedefuiliipn
msuendasswinmaiiidu s Rildisouaenemenmd  cunsansnradangu
AneANTs 19971 (Guibert, 1986)

a3 Innldelidnvassuormfsunnnedmeiaiianun fe Uszneudienes
wesiduaaTuanageuasashazarondafeina1ad lswesifiuseiuse noudidy
(Mahmoud e Savello, 1992) evhwihiiuSuyqsnaauiAvesfidulitinindanguiios
we liuandnszniensih il $uazftuson warodleowesfiiunlddedldsueyanann
FDA Taefinmsfigaiuazveviuudanlidhdunsodedus Tnancusresfounduuns szos
o1 waerd e s i 19Ruiduns Tna 1 Tvaetsziom 18ud Tl la uaeTeRTnudn
alsn wodeeauazAfianSeeyuivesdfin YSinumsldwarad luwes Taefalulszanu
Souny 10-20 Tasnimiinuda (Guilbert, 1986)

woaven (polyols) WS Wod laa3nueanaed sﬂuauﬁufmmt‘%mﬁé\mgﬁTnu‘n’?a
uead ledgnunuiidlenyleasenda wedssmneriianulumaldTasmmenandifimsueu
6 ozAoN 15U weiinea ﬁ%‘ammmmﬁﬁmnﬂﬁﬁ?mnﬁu"laiﬂsmu‘l?’i'ﬁ’mfmm
(hydrogenation) Weodesaliguaulianmudemismiiuazanuioulaats bicwisodaied?
i1 qad‘fnzmszﬁuﬂmué’;‘u"ﬁ'ﬁ azmeild Ssamamdesniniea Tunaeddies 2.4 Ala
unaesaeniy iesnngngaduldthunnteanseldfudfidulsanmauld uenIINiId
it 1A umnszuuafiSeludhn ldaunse 1418 JECFA (Joint FAO/WHO Expert

Committee on Food Additives Smuailsuiamsus Inadeiu (ADD) vesnedweidiu “not
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specified” vunede ansalifluseduiihufiudenssuumsulsplie 1 demsiitigu
dnyaizawdoims odnlsfimuwedvenstelinavlfszuieiies ﬁaﬁumﬁajlﬁmsuﬁnﬂ
ifu 60-80 nfuseTu uadineny 5163 limrsuSTanidu 30-40 n¥uredu (Le Bot uaz
Gouy, 1995) mstimedseamnlfdunarad lawes luAduus Inaldivawria 1dud

palaesea (glycerol¥3onAlweTU (elycerrine) SluweRoeafiimiuoy 3 ozaoy I
gasTumna CH,O, ﬁtfmﬁ'ﬂimaqa 92 luwawaseldlunmssdnajuaznsaluliu fga
autaduveunaifiianmila savau 06 shweshmasaushide@eriuas
weaneged1dfin dumahasaeivildaneauas @ﬂﬂ11u§umna1n1ﬁ‘lﬁﬂ1unaw
(Windholz, 1976) Wawyslnnldvaneviinlénfweseafiunaoflawed Mart uasame,
1996; WUINTING ,2534; Mahmoud tag SaOvello, 1992;Gontard AL ANY, 1993; Park UATAME,
1993; McHugh Lagane, 1994)

apiiinea (sorbitol) HuwoResaniaiUsy 6 BLABY 1{1ﬁﬁﬂ1mﬁf]ﬁ 182 wulu
finuazwaldvianertla wu uetdla uns wed Wudu lunwmsdrezniin D-vesdneann
masa§asendvlalasiauves D-nglradeldvinmsdesamsaiidanuuSqnigaiae
ouleyl gefineadiundnfuneglugilves y—mms’ﬁwaaffamﬁq (Gonzen Rapaille,1992) i
sovanulesninhannimis azmeh I8amsazaed [8iernmiiadt Sumshazat
duilia  dleldrnudududesns 360 anmainnauuesadnuavesnInde
wgul314 (Le Bot uae Gouy, 1995) Tull 1994 McHugh uasaaizfnymswSvuidunand
TusauTneldwesdneadiunarad luwes

wodiefiduinonea (polyethylene glycol) Hgmsvialilde H(OCH,CH,)0H Taeft n Tieh

wnnwdeniiy 4 UndudasruensmiminTanamiedae wu wedeiaylnanea-400
wonfiau lnasealidnuusdundnnnSeegluglesavarla  farudunila azarelu
8 asazanela Léamﬁﬂtnmﬁmmm%asf’lﬁmmmm?qflﬁ finnudiufind dwiu
wodeiidulnonen-400 a1 n agsznin 8.2-9.1 ﬁmﬁﬂhmqamﬁﬂ 380-420 ag¢lugilves
maddunila Tndusien ademanldeunlasnrdudniies ( Windholz,1976 ) fimsfinun
s lwedeiaulnaneaduwarad lewes luilduys Inaldu@srfuweisoariiadug
(Park UaTAME, 1993; McHugh UATAME,1994)
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32 unumveawaad laeresluauuslanld

msdmaaR nwei sz hinmeiaddns Tna 695 nsozae  Taek
naed lwwesuagwodwesazaeludrhazaeriiafeatu  ssndensazansfimsniu
wrundeutisidandeuiigungiuasnamuyauudatahuplihuididy vty
szmeihazaweenlulugnefibipuuss s ldwanad lsweddnvsidumume
8N (external) Ao WeoRuwae@ lmwesnslildrez luSudaunednedefuserinus
)ABg (secondary valency) (Mellan,1961) Lﬁﬂﬁuﬁzﬁifan?aﬁ'uﬁz'la’[ﬂmuathwmuq i
TusssnihemeTungavemedmwesieglndtuseunsdaufinnnamg 2 Usems fe ond
wavewnufouszninmawieumsazareldui ldwarad lawefaunsaunsndilileg
gnmiewedmes ey uaziuse lelanounieussiug sendu Tuanauesedweign
vindwly diosnngussigaiiufusssenihameduesfunad laweshli luanaves
wodwed lannsofufues]d (Beerler une Fimey,1983) deraldfduii1aTnmubandu
A aARITIEUANGIE SIS SBNUIA (tear strength) ARBY UBNYINTINACITY
fldusnmeTanedwesfeglndfudefinnuduius fundeendlnssdumsunsnsz e
waiauas To IR murRlE (encrgy of activation for diffusion = Ed) fviudleussiisgn
sywinmoldanavihldsBdanas nsduduyesmsuas Temunduidusaiudy
(Banker,1966)

3.3 wWavevaIwamn IniesnenaaNinvesHauuSIanld

quaniavesfidurd Inaldidnmsmuwand luwedaslsduedilsfuiuegiu
win Tassadremund momduduiild uozszdumsnssnedavesanshuilduuennniis
ﬁuaéﬁwﬁﬂmmwaﬁma{ TS oGNS NE0 (Kester 0% Fennema, 1986) 414380
fiderdosfumsldnaad lnweshAdunedudnmlseilaeil

Mark W0ZAE (1966) ANYINSHTEUNSUIN amylomaize starch FedfSumioziila
adoray 71 ugtuuudunsInndeuda Tmundnhliudelneldaudounuh Adilg
Feftimyldndmeseateras 16 Tnethmiin waeiduiilil9ndmesoalinumsdukuves
faeenduuiionaaeufiguugi 5 uas 25 ssmnwadealusrsnmidudiuinidnidouns
100
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nusniing (2534) nanesldnfwesenluseuaailsy 3 gas Ae aminiumeuasju
P o 2 4 a $
(gasf1) amfriumeuazesilon (1) uazdu (gash 2) wazeziilamuaziu (gash 3)
[ 4 ]
Teldnfiwesendosas 0,025 waz 0.5 Tasvhwiinvesasasas wulwAuAsui 1@t
psAUMULssivnaulssnfutulSinuntweseafiduas i laolugasii 1 sasasnn
465 84 3.31 gasi 2 90 229 9 159 wasgash 3 90 147 B9 1.39 Alanfuremsw
a A ¥ o %3 ) 2 Q' J
Tndwas mnstadusiuamlSinuniweseafiiniunniosns 2489 3.75, 1.0 84 3.15
uaz 1.0 99 225 ARy uagsIMsAumuuIRnnaulsiuaSunteseaiiiy
g A J 4 o_ o o
Tulnodiuiuon 3.39 §94.58,3.29 §98.15 uag 1.55 995.83 n¥u awdwy daudasing
' v v s 44 4 '
FurmusesmeszuswnfufulSuaniweseaiiudiulnsrannein 4.83 8 1.23 , 1.56
4 1.09 uag 3.56 o9 2.18 X 10° lndnasdemsnEasAe 24 4 lusdeussnnaad
v ¢ ang % o a a 44 4 A v ’
uazAemesusnidAvesiidumlsAuanlSurandweseafiiuiiu T i 1dag lusag
0.472 ©4 0.580
a g v al o8 d
Park uazAmE (1993) AnmravesriiauazaudutuIBIwaneR laweFreTdum
fiawag Tad uazdulensend Insauminag laaTaeldwanad lswes 3 wiia 1dud we
deiaulnanea wsedaulnanen uaznfiwesu Alianududu 4 528v A 0.17, 033, 0.50
uae 0.66 Nanaaswanad imwesdeniuwaglag wesAIvqUANIIYRAHLRENWYD
A b3 % 9 o o A J 3 s < 4 3 a
dieldarudiduwaad luwesiuau  sminsdunuussisuavesfdunsaesrilaanns
vy a o A 4L a Y g a aa ~ ' A A
uAsASERAARNIY  wazmaRNaududUYowediehau Inanoalinadonisiiuaua
1 o 1 o oy - ] 13 Qe 3 3 A A
nguvsRInNnIWAIaA lweson 2 wila  dausgamnialumsyneiunudt Wik
y 9 aa 1 I~ TR | °y -4 a 4 3
anududuesInsiaulnanen Amsdudueedled weMmeeendiasuvesiduisaes
a A g [] Yy 9 a A (7= [ R 3 4” ] & 9
giiamuiu  dauanudnduvemeiwiiaulnanea lifinadeamsassiilnonwui doly
9
avdudu 033 Taddaswanod loweidenfuwagloa Avisdesilisngege dmiundioes
& A an o s o ' '
U Waruanududusuis 033 tadtaswarad lswesdoniuwag laa smsduiiuvesle
°y 4 3 =Y A cg T A g/ 9/ [ dyl dww v
hvesduisaesstiadiviiy  uadsldnnududumnaniiisnzanas  uennnfldaowuh
¥ U= = ey [ IR P R o I 3 o)
anududuvesntweIu lilinadesimsfudivessoondiouve iduvisassriia
neRdl wazame (2539) AnvgudnuusvsaruRduRihnnuilddmieutlaiu
° o - a a a &
dulevndwnauniiweson visondweia lu TuaiiosalulSudesas 02, 5 uag 10 Faiu
[ o [ ' ey S A A 43 o Y d A
aseautsTnsnssuaumsiendngdunud  USuunfweseafiiuiiui IdusiuRdudinom
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Beudu udnnunaudemsuandlewuanas menaundeese Ty TudfiosaluSinadesas
5 waz 10 'lmiﬁﬂﬁ'uviu?lﬁ'uﬁamﬁ'ﬂmuzﬁﬁu Afunnuilaudnlsndwauntirosoadl
anvazlauasangud dfdunnudlsdidwanndiwesealidugu Banguissnth

drudduTustuitonifommedesfiferdestunsldwarod lswe fiReyfurye
AuauiAvesfAy Mahmoud uay Savello (1992) 1w unavesanududuntwesonlufidu
TlsundifidesusefivniAduunn (breaking force) wnzSinanuuvedidy Tagld
niwesendoras 0.125,025,0.5,1 wag 2 vesesasaewSeudduny anududuves
nwesealisninaderiresetiiiody Ao deldmnududuves niwessamiuty
el lumsm iRduuaneeiimutunn 100 8 1900 nSudemsuwuRms uog
anusuiLIunndosn 5 Aedeens 28

Gontard uagAmE (1993)  fAnnmavesSinanAweseadentsnudeuseiiungg
(puncture strength) YosAaungaY TasldnfiwesenatiSuia 0 - 33.3 nude 100 afandwin
Wi wuh e ldndwesoadeud 15 niude 100 nfiimiinuistalahiddms g
useiiunzgaaaenn 2 S 025 fafu uazmsu.ﬁu;ﬂtﬁu%umn 5 i1 20 Tofas daudny
madurinves o uRuTUIN 0.00345 1 0.00545 nfu-TaanasdemsNLALATHD 24 92
Tus

McHugh liagzasie (1994) SEMRvRHeA lnwesdomsduinslerive sy
Tsaunditarmmnledfesiulneldnaradlumwes 3 wiia Ao weawddulosnoa nd
wosea uazweiinen luanududumegiu Ae Sovas 37.5 uaziewas 50 youiminves
Wietualumsazmenud - donmudutuvesnmed lnwesviiuitdufilgwosinead
mmsduiuveslohmuiudonnnduduveinimesoadiuiunn 06 8¢ 7.6 atur
findnsdon lanudeihamareda lusdenisramas

Gennadios WnzARE (1996) AnvpmmutidveddufiwSennnTsiulin (eee
albumen) Herundiwasonsoeas 30,40 uae 50 nSensdwiau lnansanSesesineadesas
50 fsmsduruvedletihiige Nduildwedientulnsaneaiimnsladgeiign uaz
Faui [wesinoanionedwitulnaneaiidnsanmunsisnaunnifiduii i dndue

380
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4. wavewmNuvINAoRaENTAvesHaNL3Tanld
a a o =) o Y o L) Ja 9/ P
uenvINyHavesnedted mIwseuray siiatesdSuunarad lswesnideiling
4 Qe oy o 3 Q) 1 ; L]
degauiAvesilauus Inalduds quamiRveiaudtuegiuanumunfiaivauevosusiu
W81BnA28 (Hagenmaire U Shaw, 1990) anuveiinadeaMuLTusalumsdamedu
¢ o ¢ s 4 4 AL o A e
vosau Tasanuudaussvasiduozmuuiionnuvuiiyausuisa R ngamilaann
3 o ¢ A @ A .3 ~ av 4 a o
Tuanuniussvosiavezasiudanurunssmudy  Taudtenfaunedunavesany

Ao a1 4 d’
‘{Iu'l‘i’lﬂﬂﬂi’]ﬂlﬁﬂﬂﬁﬂ‘li‘]ilﬂiﬁﬁllﬂﬂl

S A

1 4
. -] T o _t
Hagenmaire Ua2 Shaw (1990) finyidsanuannsalumsdurmuvesloviriuidun
~ & ~ a a é A " @ ' ¢
wisunnnia ludluuag leasend Insawfiawag laadfinumnuandndiunyd Hdun
N L] 0’ L4 3 o/
famumin 1524 - 38.1 Tulaswes  Sanwannsalumssuriuveslethinddudeiu
HoounAelidioglusag 3.56 + 1.02 84 5.08 + 2.79 afu-lulaswasdemswasdeiude
o o Ed A 4 % 1 L
fiafwanlson walduhliaomun 3.81 Tulaswasiiarfigeds 20 v e Tauflu 889 +
Q ¥ T Qs T o A A )
35.56 nu- lu Inswnsdemsnmasde Tudeilndwmsilson esemidunannfiansta
v ) \J - A J
dgnnandflduminluseniemsasnesnintagnldlunmsiugl
g a o v ar
Nelson 48 Fennema (1991) naaeeldfauniiawag laadlesiumsdiomluiuly
=3 [ 1 A $ \ o ﬂg 1
naadasruyunyd deldfdumiawag Taafiianumndnadu As dewd 5.08 —
4 A X i L} : K4 ﬂ'l
40.64 Tulasmaswud deanuruwediduanasmanuansalunisduiuvsaintus
: . e /
Aramfsuazamaualslsnaiuiu  diosninarmliiauysal (mperfections) ¥BsldNIN
P4 A £ o ' Y 4
Ju wazdieWdunwdudnoug luuduildussanns  usnnniidiogdiendssganssend
ad a ° ' ¢ da a ¢S A 1y a A
dinasoustansadmaenyd  HauddanununnniifauFeu hiflsesunnnsegiiie
1~y a [ ¢ A 1 dy d @ [ [
WisuReuiudauiund wennnianunuivesauddinademssousunielseam
Fufade
Martin-Polo UngaAmS (1992) nadeUdnInaveInurHveIRdudeAdaIIMIdY
14 ¥
Pi'l‘lﬁlﬂﬂﬂﬁT (water vapor transmission rate , WVTR) uazmmscdﬁu N'Iu"llm"lt)ﬁ’l (water vapor
transmission rate , WVTR) laaiaSeufduainmsqu (dipping) wa lamlunTonszaunsediifi
1 4
Wurmguine 3.5 wudwesadlulemsfunaeuman  vierhfuwsfudlunm 30
a ~ 3 P 1w 8 v 3 d o @
i wrhmsRsunasmsanmsduiuees lohvesiaunn lvwsHunsuofuduy

1 N T G” e A A : o 4
ANUNUI daumimsduruves leshiisnh muﬁﬁu annhidunsHudieanunuives
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' v @ ' dad ¢ A
Faudounn 80 lulaswas sdasmsdurmuueslothiiniy uddleanuvuivesidudly
L o 1 ] Qy \J 1 ] oy \J 'l&
80-140 lulaswas AWasimsFudmuveslothuazainssuriuveslovidsudunsnds
a « A v & : o " e fl
o318 1duileNduunend 80 lulaswas FuvsainfumwisfiuliaitaueSufansdurimu
¥y, 4
vodletideuuy
Mahmoud Uag Savello (1992) AnuifisafugueaniAnnauazguauiAnmsdurn
e ¢ a ¢ ' ¢ A s & ¢
vo4 lothussian TdsAunduaz swnuh anuminvssiduiinadeanuudsussvesiduuas
b4
asdsiuvesloiruidy  Tasnnumunessitduezaugulddeanududuveslusiu
4 4 2
ndluamarateuaziunlunsiugl
1 & ) Q'
Park uozAmMe (1993) wmmammnuweqﬂﬁumwawaqiaﬂmu%umn 4572 —
F 4
106.68 Tulasas mmsAumuuseafsena anuamsolunsFuiueeslen uasfie
a P a 1 ) A o & d a4 9 s W o a A a
sonduliained  daumdesaznstadaiuluantes  dnsudduleasond InsRawda
S A 2 4 v 4 &
wag lasiudionnuvmnvesiidudindy sinsdmuussfnauasSosasnsdaduiiviu
K [ 1 & o a H A4 s 4
ey daudmnsiuduvesmaeendiouuas lethnsiidioaumifiuiunn 22.86 —
139.7 lulnsmins
McHugh Uagane (1994) S1sunavssaNsvdeanuanse lunsdurimveesle
¥ 9
hrudduus Tna ldaiiafian (hydrophilic edible film) wud1 nsanuduiuiseninanu
o
] or 14 o d o
nnvesiauTn@euading  Auanvanselunmsduiuveslodiiduduassifianudu
A A S 2 & 3 4 ' v s A
fuan issnndisddulianunuimniiuammudemsaioudieurnais munruidus
J o z Q L] ey 1 Q' z ¢ z -4
Nl suiuanuaugavesnnuauledesldmfdudeliduivan hildmanududuing
ey, . Q‘ 3 1 . L] Oy Q' 3
1ARASuTia ALY dewaliainsdurues ToviuRudude
a o~ é 1 Qe {
Cuq uazane (1996) Anudninavesnrmviuilidegueauiamamihivesidunn
TuTelhSam Tils@uvesilamut armmnlifidninadeanuguuesilduiosazvoenis
e o -, & @ ' d44 4 @
azatwhls mstedfigane wasdulsenimenmeda udanumnivaududadau

Qs & d
TagasatuusangpvInvesiau

5. fsunianlanumsldscTani
- 4 g
as l9WauLS Inn lAie s nuquamuazBaegmafiuevstiimnuud Tasaunse

. £ o a 3 [
Wluguwumsnfiou (coating) Fauflumsihesuuafoufivesemisdisdiinmsaeg wu
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A . . N M . A a
MY (dipping) MSUAISS (brushing) NToMINUABY (spraying) He@suLVUITIAROUAL
a o 3 o § 4 da
syyuTAveIRnuAzka 1y (Kester UAZ Fennema, 1986) il infinuazma ldiiuilodend
A 4 o/ : o/ 3 a\ Q o
Findefufeudtdnemelunemsqydnh fofumsifendeiaialdfufingems
A b o\ Q'l s o
P TeelSunansgedegetedesas 50 vewandaialan msndeufafnuaskald
'8 o t A o a8 : o
s S Tnaldsedrdinogmvdsmsfudealasaansnisle  asgg@evihminuas
A [l 4 v @
srasmsgaiiesnnaruase lumsduiusesiauas lohiusndiuvesasiadou
o = 2 ‘i -
mlditaanmdesussemanisluiigndaulasfelinnudndrvesnisuoulasenludgs
: o 3 -
dauarududuveseonduumdwdiumaldsanmsmele meadraefitu uazmsgads
1 4 E 4
1h1anae (Nisperos iag Baldwin, 1996) uag uenviniitamlifvesdnuasna ldfifiudun
wazaamsfntnaukaszrdnsuuds 1Aondae
asmdenys lna landeldfundunamuda fie v (wax) uasdiaduvedle
1 4
[- o o o A
fiuTudfu iy weza1sdu (qanesd, 2530; Kester uay Fennema) Tull 2536 awauy uazaus
Anmns 9daduledn aladulunauirdnuesnsyin avudieuiudiudulendy
mnlunsmioudnuossaldueria  wuddladulunauirdnuasaiyinmanzdmiy
mAoyuziing uasen woazuzun daudladuleidomingdmiumieuwinunu Tae
] b d
asndoudladu leifianududumunzausssrwaams gauderiminuazsasimaniele
b 4 b 4 (3
Ffnnfidervesnne Isfladuazanuninitoswiszaonisgnuesdnuas wa ldnviims
3 d’ A av o o ¥ (4 = o A av @
naney  vitkanmieusladulunausuazaiyinlndfesfumsnioudlesiudu
Tvarsyn
k4
daumsniioudaoNdu Tals@uiu Packuagamg (1994) 191158ud1Ina (com zein)
A a A P g A ] T A = [}
ndevRnzlemangnuamuiinud $relinszoznamsulfounlad nsgodearumiu
dy :’ o/ v 4 ) .2 Y=y ¢ a o s A & v
Weuazihminszuiumadnld dmiumsldldunetudamlsdeninaiiondniiyga
! . . o : 4 o &
UszaedludunmsuannBeumsnaninmstlestunsgafod Aduindadumensdil
A ' 2 L4 = = ~
§991 “Prolong” Wuglasawedemmesvesnsaludunazinie ludounsuenduiia
\ o 2 , o &
waglaa dewlinsdauigas1dAdy (Baldwin, 1994) W&991WY Su WaY Chang (1995)
Anumsldwedudnmlsd 12 ¥ila u amswiauls nndvSunazueaing wAouani
L] é A o~ Q'l v
dunstludmud  mamdeuunwiiaansoaanisunvesudan msgadenituiu

& 4 . a
wouazdld uen9nil HowardiagDewi (1995) AnynmsindsuRuaseatlenildendaeWdy

o
&P
o3
Do
Co
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nnwag laanuidsaamsulfsuduasinundusavewnsen 13 1danidetreadt b
ARBURA? '

mslAduu3 Tnn188ngluvunids do siaRduTunduuiuudSainnldfy
o m13 Inemsviedy Wihuiufussnihduvesemsiifiesilsznouseiy n‘%’aﬁu;ﬂxﬁu
MIULUITY Kester Hag Fennema (1989) ﬁnmms‘l%'uviuﬁﬁumﬁawnqiamﬂﬁau"lmﬁe'u’m
funmiemamdusznhduvemadluszsemifoverfivn udedsfidunedied
fu M ludufigungd 40 ssnwadeadunm 9 Fulawl Taoluudasdilan Snsduda
et NLNUINALT - 6.7 + 2 BeriaFeawLh msli’f'miuﬁﬁumﬁawaqTamﬂﬁauhﬁq
mmmaszaamsdwmmm%umwaauzL%Mﬂ'lﬂtjwuﬂa'lﬁ' unziiiorlsediugmamma
Uszamdudavdinsen  1aun qmmwszniw%"’u (interface quality) AR yBIvUNile
wazaIweusmwud Wauammalssamdudadnd i lGuinildy

Rico-Pena LngTorres (1990) Wuruilduiiasouvnafiawag loafunsawadanly
Sas1dau 3 : 1 wasuduAsunnwiiamag Tae fefumssemanudusynie Taulenriu
ﬁu%umm%ﬂimmﬂﬂﬂﬁﬁmehe"lﬂsﬁuﬁqmnqﬁdnqﬁu flo fredniiusuidustiausn
Wlifufigamgdl - 23.3 ssmwaien waziieenunt -12.2 ssmeadvamiiunm 1 fulu
e dula dauiudustinfireafufigamgl -122 ssnadvanud  Sredwiild
wivliduriiausn hifinsafauasomdudieny Bidunn 10 el Agangd 233
esnwniduain: 4 dafidednmdui 122 esmwadandmmiunuduez ity
feudnlos daufetheilduiuiidiaessiinsawisainmaunsenvesTnwlonriu
Wldumniegastulnd

Nelson UAgFennema (1991) Teaniwsuidumiiomagloafumanieufively
Tulurdasudt Sonlnuaaldiataslduofinends

Heralod ungasie (1996) Fnentsl9MduTulsudn Inafidums fuituunzdtad1n
wedeiie InnsfeuudSoufioufumsviedasitduned lailaaunaslsd (PVDC) uda
ilifusmnfigungd 4 esmwadsanudt denawnly 3 Ju Feteiivedeitdu

TlsAud InadilSunauensuuadinndteganvededdy
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6. oandizney Inssariamunit uazeudinuisdsemsveandlsiudlends

6.1 udlasiuelends

uflefudlznds Suudldfindanniniudndiaadeifoinermanis Monihot
esculenta Crantz. u.ﬂaﬁuﬁmznﬁ'aﬁN'En“luqaﬁmﬂssuﬁmﬁﬂszﬂauﬁqﬁ Ay hifudes
az 13 Tsdulifuderns 03 amdshidesnitdesas 975 Beletifutosas 22 Taeh
wiinuhs sefilszneufifinnfigaluudleivdrlsnds fie aafy deRvsandnvuzveudan
afsuilafudnlendinnndesganssmiddnaseusiiansadwasun Taodaulvgdu
gl liflmeduniligndaeen Aassdndaidnvasiudidroly mailaesiSudnnils
Wadndrmitauuu limirauoiu wuseofy (eccentric hilum) etwiiulda unzudoziing
mmtmg«wi 15-35 luTnsmas ﬁzﬁuﬁmqus‘fnmmﬁﬂﬂszmm 15 lulaswas (dninsu
WIAIFIUGATIVINTIY, 2521)

Tuanavesaaiilsznoudae D) glicose unit ﬁeagj‘lu;ﬂqjm Ol-glucopyranose
ring  udazniasvesng Inadiwuszgeuddaeiu lnaideudetuos nouvesesndiouii
duvds 1,4 MldTuenailidnuuzadadude Tﬂ&?‘i";"lﬂﬁm{%ﬂszﬂauﬁqsﬂmﬁqaﬁgmd 2
1.5%10°-10° HeszRuvesmsifianefues (degree of polymerization = DP.) luag 250-400
AGU (Anhydro-Glucose Unit) #ie 1 Tumnavesezdilag (Hood, 1982) uflsdiudalendsl
Vanarezdi Taafounz 24.0-26.3 (959531, 2529) eeiiTnanilusedilsenoudfgiifiqueia
Tumsiieiidy davezdTamnfAudiunedmesnsdmuiitszneudas Tuanadnudunss
dszunmudouns 94-96 Tisi1 DP. 8 lUT 12-50 AGU Fourofudufifuvemesmeddun
vaang laa 20-26 ﬂﬁaﬂéqssﬂsﬂagiﬂszu1m§'aﬂaz 4-6 Tifuns o-1,6 i’nf‘mﬁnimaqagq
ua 10-10° (Hood, 1982) dwiuudlaiudnlevdslitSumesiiTamniiudosns 76.0-73.7

Taosssumndudlez Wnzmeiudeodluanmitgumgidind qangiivaalud
ilesniniuse lalasausendnnglansendadioglndiuluTumgavesamss Wuse
Telaswuhenndenfuivhidannsonesialddntoounsianusiunduld  dold
adeusviudlufinamivesdimesin  Weszdugamgigeiudzduiidaamiagy
FesesmaummelduasInanlsdftannziGeni amfsdanmeadlud doliamnse

o o Qs <] 4 A a .3 o o = °y
Nuﬂﬁ‘ljulﬁ ATNBIANVDIUATAIT VAL UINAYULTNIUDTUF U Tﬂﬂuiumqmmmmmz
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3 d [ YR/ = 2 o d a o ] P
wniu  vazmertuiuse lelaswuuSnuseunandaansrezugnimediuiiilu
3 3 P 2
Tuingoesil Taaaszesnului anunilsveuiudsesmviuldanuuzdudiu uillonds
Sadiunanlaa (so) ufleiudulzndsdisegugiivandlud 65-70 osrnwalen gueania
g o d g U b d ¥
voudhdlsnudlsiudnlzndzla Sarunilage Wedufaon anudunudeusudoad
#1 uazdnsimnaufudvesutledn (Whistler nzame, 1984)
62 uilathud
FradfluemsTuFialse sriuvesaulne dszasudlenii Tulewmangads 70-80.
b4
% wagduunwzdiuaniy uennndudiuglasauas@indaiu TiSuaes luTaailssina
13 g 1 \J A X i A
1730 % drdimianudunaniddum deysdudfidnsasunsnihdham da
: 4 , .
aasyvosdrudilvuiadniiga Ao dszua 3-8 luaseu uasiizysrnaewvaoy
(polygonol)
a o ¢ Y o “ g o
innsanyntsdanavesiiaaaifyvewdldrahnnmsianumilavesiwdld
4 X 4 . 3 v a '
muduGes  wuhmshezihlduthnniyiisdunasmiisaldvzdedddgamgliqeniwdls
A o q”u . ) A .3 = o P PR P | ﬂ s
ninfiaa uenvnfidunuiaunilasm@udessiuviludaeelismed Fuludnuus
d' Qs U 3 - 3 M o A4 é
nuluudlannigis  dnvasifedunaaddfifiuiuszmeludaamiafivnadmils
o~ Ad:i o Y a A o & v ¥
wila  guuglinilfifaauniagegavewdlinniaiisgeniutsonduvessinuag

waxy com Tagvia lludamsifawatinezm seuysalfigangil lidiu 95 °c
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uni 3

d
ainsaiazisms

1. ngdy

uthdfudnlends  asnla@an wialae hefjudumilyiinyaan Geuasiu 1008-

1016 DUUNTINA  ATUNWUVIUAS NS, 222-7218, 222-8815, 222-5378 uvlnd 226-3345

uflediodr  anluven wialag U5 UnnenBumedda $1Ma 383 auumangh

ARDIATU  NJUVNYUAS 10600 Ins. 437-3632 ,437-3786 uvindf 437-7937

2. Al

AiweIen glycerin zur analyse (ctwa 87%) Merck, Germany C,H,0, 1 a3 = 1.23

Alandu, wialuana = 92.1 nfudelun

3. gunsallumsimsed

31
3.2
33
34
3.5
3.6
3.7
3.8
39

w504 Ina13iined (Polarimeter) POLAX-L Serial 10.950112 Japa
ﬁanau%’au (Hot air oven) Memert Germany

wredinTEHeAs I T A P (WVTR) Iso 2528-1974 E., USA
1 TnsinesExteral USA

Lﬂéﬂﬁﬂuﬁﬁw‘lﬂ TA- XT2 Texture Analyser,England

(A3897Af1 2, NOVASINA RS232 ,Switzerland

anTa W Iadiwes UV1601 UV-Vis SPECTROPHOTOMETERS,USA
\A3BaEY (Mixing) IKA Labortechnik Germany

b4
gtii¥eu (Water Bath) Memmert Germany

9
3.10 uduIndiensadu vu1a 20 x 30 472

4 o
3.11 gunsalinTewuduasmiiius

Vounanuzimalulagmainuns
aoiumalulainszeoninda anszale
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4. amuiiminaaey

woulfiidnms madmgacmnssunyes auzmalulodmsiouas  aoiuma Tulad

nszvounduiganmisaansziie
5. 3imsnaaed

=y 3 4 o U 3
5.1 mawdouRduifinlsznuldnoutldudnlzndwazididnd laediTugilfoo
arinazay

Wefny it nsfimnzanlumswefiduiisudsenmui8nnutlafudulonds
wazulsdhad Tnednynavesdlefelunsraaiauiisutszn Wonudatudnlendwng
wlledrudhiiday 2 Tefufie SardaussneSunweavaidevesuss (Liquid: Solid)
vosdunauiilfieSoniidy wisudieu 3 Sasidau fio 90:10,85: 15 uaz 80 :20 uaz
afSsuiisudasdautSnautaiudnlendsdaudlsdauinludasidru fs 100 : 00, 90 : 10,
80 : 20 UAg 70 : 30 $1¢ 4 SasrdulasldnAwesen 5 % (Tﬂmfmﬁmlmu%a)ﬁ‘luwawﬁ'lm
wof (ARl uazane, 2539 ) nerudunaulunTosmaufinau§aseu 250 seu /il (e
win ) Taoldanidoudt 80 ssrwamen unm 15 u (AR uazame, 2539)

Tumswaues Wdaunauifawamai ( gelation ) pthaduysal LRI S
gavgiidsza 45 serwaden edlums lawesemeludaiumem thdiumemnSn
70 03U ( dmindlen ) sy TnaensaduLe 20 X 30 HUALAS
Tneldindoathadedenimigeld Lo fadmns Aneusuindensaiulnsldindouhned
fuiudamnuiu IndeonSadufineeduusnnszen Weuddumeuuuiu Indlensadua
dunduiezBovaieweiy tldRwealdts 46 $alue suwduRadudsadin aen
uiuRduesnnnuduIndeniadu dhlifulugananadn (PE) ﬁqmﬂqﬁﬁm ol

nagouguauiamuaiiuaznieidndde b



wisudunauvesiagauauiledsndnun

l

9 ¥ [}
naumauiiwdlslusaidsun 80 ssswaFen
#renm59 250 soUANT WU 15 W

!

i 4 ]
asdaunei 1A Inligumglissuu 45 esruwadod

!

[] 9
Thaauwaun 1d 70 nsu (thmindlen)
~ v v - as
usadluusuuuAn Tndensau

TasldurumanihaldiS ey

|

i luRsuan IRt (4-6 32 Tas)

!

[} L4
asnuNuRauBDNIN

!

Pulugewaradn (PE)

!

i linadsugmuauiia

uHuiEastuneum s senilaun Sudsemidldnnudstiudlznd uazudadhud

23
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52 myinnedestilseneumaniivesingdu

521

msaaserSunaaa1sylaeds Polarization ( AOAC 1984 )

gilnsal
NMSIASIUADET9

acd
AMWMI

: m‘%‘m Polarimeter
. Sadetreudls 2.0-2.5 afu

: 1. Id#andwnslunann Centrifuge ATATA @Y ethanol 65%
$1u2u 10 §0d8AT HAINIU HIAELYIALAT

2. tlmAeefinridasen 5,000 pm dunat 5 wii wdaen
funsdunzneudt uazmidesdmi s ade Taeynq adalile
uriauRedufunau use dounyumios

3. hagneuitldudmbhosudou 10 fadaes  udanld
flak WA 250 LoAAAs  mIuvsmneuiiARaNnADe
Centrifuge 1N5d A3 60 Tadans udweanldidhiu
Taelduisudanu

4. thasesaeuhliifessdniingy  Tevduuuazunssana
hot plate 1d glass bead a¢lyl uduvdmasanar Minmsdunen
flunanu 15 - 17 wii szwiwfﬁﬁ“l%mimﬁamﬁ"zat'mﬁaﬂ
974 flask ae llsaudvensazansluvnzdu

5. lfmsazaedunsesesnda Taskmainlseh

6. m1d volummetric flask Y11 100 Haddes Insdenznoudae
#1583a10 CaCl,

7. WFutlSnasiddiu 100 faddas dreasazanes cacl, il
WouRnsulMiAy ethanol 13zia 1 vion weruliidhiu

8. qaAtRENlIzI 10 addas  ATBIHIUNIZTATNNIBY
Whatman we$ 2 dauusniinsesldiviiall udafudaudinge
& 40-50 findiaas

9. NTOIAU celite NUTT90G1U pyrex glass A1675A3 suction
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gunsel

25

o & H o 1 . A .
10. thaulafnsesld 119ad1 rotation AaeATes polarimeter

b 4
Tngldvaea 10 rudmas vimsia 3 ass

Ensdon % utle = 100 X R X 100
1 X203 XW
=49 XR
w
R = observed anagular rotation
W = dwindaed
203 = specific rotation voaule

1 [l
anusuvearsunsulsenu g snudaiudulzndwazudsdind
Tnel433n15999 AOAC. Method No. 925.10 ( 1995 : Chapter 32 Y41 1)

4 v < &
: MPULHIAIEY , QouanFou (hot air oven) , Tnganuiu

( desicator )

* k4
MRS IUAIDEN :%&mamﬂﬁuﬁmﬁ'ﬂﬂizmm 2-3 NSUAD 1 AIBE

ast
BN

[ 3 b 4 (1
: Tngdfadngafldui lantntlszina 2-3 ady (Tufinimiinfiniueu )

£ g i H a
aslumauzmenuuudanihlilouidounigungld 130 +

3 93

< = e y ) 2
wawen $una 1 91us theenldnsesiunamdu ( desicator ) 19

) ¥ v
Tdudess Tufimimidinluazoudednilseuin 10-15 wif Husuiiou

vd o 4 4 a & a ‘ij 3 o e
1ﬂu1ﬁUﬂﬂ\1VI LLﬁ:mu’amﬂsmﬂlﬂ’JW%& ( AaL ulﬂﬂil“ﬁuﬂ ) U

L4 lﬁ' ) A U dv
wiinhivne llsenienmsey dail

14 b4

k-3 g o ("4 1 (-] L7 -4
MM calefidudanudu = hniindeusy — dimiinudey x 100

9
HninaegN



26

523 msaasievmlSinaesiilag

gunsel

) o2
: IS99 spectophotometer, out1¥eu (water bath)

o \ o A 4 L] L L4
M RTINAIDE1N: daegautlsiriunisana luiueen

oy
MG

: L %’aé‘hefin pure potato amylose 0.0400 g 14 Volumetic flask ¥R
100 4addns

2. 18N 1 UadDAT 95 % ethyl alcohol 1481 Volumetic flask

3. 1Ay 9 #adaas v 1 N NaOH Taelailimsivén

4. n¥snnthudulugrnideu 101 uaga$usedulu Volumetic flask
dhy 100 Tadans daeindy HumsasmeR 183 iqungives 24
$11u9

5. Yula rsazanemuds 4.31 1, 2,3, 4,ua 5 Janans vewdns
Volumetic flask

6. 1Al 1 N acetic acid 0.2, 0.4, 0.6, 0.8,418% 1.0 Nadaas Mud 1Al

7. lanensazae 1o TeAu luudas Volumetic flask 2 Hadaas wazdl5y
sedudan hndulvhiSinas 100 Taadns

8. himsiamlay19intie spectophotometeriauenindn 620 w1 Tuiwas

9. Plot AT MANNENAUTIZHINEInLMBNIATIFIUANY % amylose ( 8,
16, 24, 32, L18240% ) maam’_lqﬁ"mti'nﬁﬁ'lmmnﬁwmauﬁ'umms@ﬂ
nauneisala

*
A

10. Faiminudlsdaediinineadalutiosnuda 0.100 a3y acly

Volumetic flask9119 100 Haaaas vhanduneud 2-4 $1adu

11. Sala 5 fodaes vesesRee1dheRunali Volumetic flask @i
i 50 Tadans 1A 1 N a1382810 acetic acid 1 iinaansuas 2 fadans
vosmaazaeloTodu 15usedudaeningu IR 100 Saddas
12. fhimsiad1lag19infios spectophotometerarmuenindu 620 w Tuwas
LUaE 11 % amylose
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6. maAnpaEulAmManiitasWand ( Chemical and Physic properties)
6.1 anunuvesaunsudsemulBnnudaiudzvdwazudadraudn

4 a d a d a d ¢ o
gulnsol : luTastimesmdnleseiadndmeda
=) o s @ o (] v d d a
MINSOUAI0618 : AaAleaauALAEUYOR 20 x 30 HURAS
/M : nyua T Tunu B oeevinnutiu A weaunas M@y ou
p! .

14 Tag W dunilwazuflu A wdwmyu T suuau B ndlaglavigu
U é 1 L T o o g $ v
iu H 1¥unu B ndeufl uagmuuiuRduniouduilidtosnnini Hew

L] H [-73 l& =% ~ o o
miiald Feezlianuaz@en 0.01 Tadwas

- & ) d a d a & 4  a
muni uammsaﬁu‘[mumasmmﬂai FHALINHINDIA
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g $ U L' [-) -
62 anusuvedunsulsemuldnnudaiudnlzudumzudsdrada

Tng1478n15909 AOAC. Method No. 925.10 ( 1995 : Chapter 32 ¥ 1)

gilnsal

y &
: MIULHIANNFU , §ovandou (hot air oven ) uaz Tngannuiu

( desicator )

[} td
MIWTOUADIN : FidresRauimTinlseun 2-3 ndude 1 20679

an
AMI

ASATUIN

S o o o o o d w d
: Tnedfadeenafldui Idmintszuam 2-3 nfu (Tudintiwiinh
H tg o PR a
wdueun ) aslumsemanududnilleundonlugungll 130
& ) y A o . &
+3 pemraien Wuna 1 $alue theenldnsestuainudi
$/ 1) v
desicator ) el TuiniwiinAuazevdednilszana  10-
a L] L] dy :’ L4 d' o [ z
15w siuguilae idimdeash  wazdsSumanudu (
a ¢ 3 o : w o [] 1Y dy
Aadunlesiiud ) ninimdnimelseniensey fell

b 4
o

s o 1 ° ' o’, C% [
: WeSFUANIINTU =  WintnAouel — WIvMunraesl x 100

14
U v

WNMUNAIDYY

63 Water Activity vesflaunsudsemuldnnuilsiudnlendaazudsdau

qlnsal

: 19T IANIAT Water Activity (Aw NOVASINA RS 232, Switzerland )

a Qs 0] o 4 o 9 =1
MIMsENdIse : auuhimsualviazoen

ac
NI

1. fpsmiawaninies (gilemsld)

2. thedunedAn (Sample cup)  wildfdudediefiunnzden
W 181l5ues 80-90 %

3. thedudedaanlddlu Measuring Chamb

4. gaqmwgﬁiﬁ'"lﬁ 25 o aiue
S.sﬂﬂuﬂszfi’aqumwgﬁ"lﬁmajﬁé‘i’q"l"i’uazﬂ'amé";‘uﬁ'uﬁ'wf (Relative
Humidity ) ¥eeemeiiiaIdeglusnmeficugad ( Equilibrium ) fu

f13fIBEN 81U A, Aala
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AN 2 UAAIUNTOS Water Activity

v
o w . o a L% o [
6.4 msmaeumié’humumuumm%uminﬂ'lﬁ'mﬂuﬂmumﬂzﬂmuazuﬂai’fm%%

(grease and oil resistance ) aAauilasls TAPPI-T (1989c: 112.)

] ' a ' o a o ] <
gunsal s wHULA IS ourUWanaRn . uiusessy , WIWN1UMAT ,  ueundw

v
a aa o w ] <
WA 2 waaaas  washiuny  nseskunsEaunsaudy 13y
MBULH 72019
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BMINATIY : fauduidunuunaismua R e Ui M ey
wanadn vemiiulszane 2 dadans acanurdutdudunauas i
naquivildusunezsussunseahiime gy

MU  Aanmiriuduriuusiuidudumanud i i

Wy (1 m5e ¥ lue)

MW 3 uAAIgANATUNY

v
6.5 MINATBUOATINMITUAUYD4 1911 ( Water Vapor Transmission Rate : WVTR ) Lyl

Dish — method AUTN15UD9 ASTM ( 1974 : 1-10) (MW 4 )
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{ : gadawauaumadmiuias WVTR (dish) swaduriugudnans

Mouen YA 9.6 huAwas Melu 7.8 WuAwas 8n 2.0 Hudas

ad do a 4 a aa o .

fiNuinamuamde 50 mududnas wazdamsea  (siligagel),
v

TogAnu%u ( desicator) , W51 ( paraffin wax )

~ o 1 v W (] g [] 4 S a
MIATIUAIDYN : mmama%mﬂmaﬂammﬂLﬁumuquﬂﬂma 9.8 UALNAT Iﬂﬂ

@ v 9/ @ o o A a 4
A20819A091351991NTOENY VA gi’;‘/mmmu'lﬂ
[ ] J T W 4 A’I‘ aAa (- < A
: ﬂmmuﬂaummmuﬂﬂﬂau VYHIANUNANANTIND 50 A1 1UBUALNAT

JBMInaaey

Y P aa a @
Mavudsauaued Faneluussesanuea Usum 30 niu Uaveu
Hausudeauaumadlomsfudoginsalyniai WVTR iy
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6.7 MINATOUAIMIATUNUUIIAUIALAZMIIART (tensile strength and elongation )
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MNA 6 1AAANTOIIAUTIAITA-TX2 Texture Analyser
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§eu uznSeufousunaosen S AuAa1033 Duncan’s New Multiple Range Test

(DMRT) (wole, 2534)
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Treatment Factor Physical and Chemical properties
No. L:S C:R Thickness (mm.)
1 90:10 100:0 0.0645"
2 90:10 0.0663"
3 80:20 0.0705"
4 70:30 0.077°
5 85:15 100:0 0.08"
6 90:10 0.0803"
7 80:20 0.0807°
8 70:30 0.083"
9 80:20 100:0 0.0833°
10 90:10 0.084%
11 80:20 0.0845"
12 70:30 0.0883'
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3.2 Yimnannuruvesiauniudsemuldnnudstivalendaazudadhrad

nAMsnaaes  wuhifisandausenhalSinavesnarderSnaveswdaludau
HANTEAU 90:10, 85:15 uaz 8020 luyndandiusenhadlaiudnlzndedeutiedradi
$AU 100:0 , 90:10 , 80:20 wag 70:30 ﬁﬂ?nmﬂ'nuﬁ';mlemviuﬂﬁuaﬂizwiw 9.6418 —
12.1632 %
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Sunaanusuvesidunsuysenu ldnnutlaiudnlendamzutlsdrad

Treatment Factor Physical and Chemical properties
No. L:S C:R Moisture (%)
1 90:10 100:0 9.6418
2 90:10 10.1741
3 80:20 10.4957
4 70:30 10.8119
5 85:15 100:0 9.6137
6 [ 90:10 10.4668
7 80:20 10.8522
8 | 70:30 10.7792
| 9 80:20. | 100:0 | 10.4627
| 10 : 90:10 | 10.9725
11 J E 80:20 | 11.5031
12 - 70:30 ‘ 12.1632
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33 /1 Water Activity veswaufsudsemmildonudaidendaasudlatiad

nnnsNeaes  wudisasndausznielSuaveanadefinuvewdludau
Wauszay 90:10, 85:15 unz 8020 luyndasidausenhadaiudnlindsdentadrudiii
526 100:0, 90:10 , 80:20 uag 70:30 A1 Water Activity vousuRduegszniie 0525 -
0.545

=
MAINN S

A1 Water Activity veeWaunsvdsenmulannudsiudendaazudlediaudy

Treatment Factor Physical and Chemical properties
No. L:S C:R Water Activity
1 90:10 100:0 0.525
2 90:10 0.527
3 80:20 0.528
= 70:30 0.53
S 85:15 100:0 0.533
6 , 90:10 0.536
7 80:20 0.539
8 1 |~ .70:30 0.541
9 80:20 100:0 0.535
10 : b 290:10 0.541
| 11 1 80:20 0.542
i 12 ] . 70:30 0.545
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Treatment Factor Physical and Chemical properties
No. L:S CR WVTR (g/m’/day)
1 90:10 100:0 72.75"
2 90:10 72.42"
3 80:20 71.505"
4 70:30 69.635°
5 85:15 100:0 67.105"
6 90:10 66.635"
7 80:20 64.715°
8 70:30 64.115'
9 80:20 100:0 63.585°
10 90:10 62.58°
11 80:20 59.77"
12 70:30 57.595'
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QUNNUA1N)
Treatment Factor a1 (UW)
No. L3S L fad 60°C 80°C 100°C
1 90:10 100:0 3.42 1.53 1.31
2 90:10 3. 1.36 1.17
3 80:20 3.04 1123 1.02
4 70:30 3.21 1.43 1.23
5 o415 100:0 3.58 2.01 1.42
6 90:10 327 1.48 1.26
7 80:20 3.12 1.37 1.14
8 70:30 3.36 1.52 1.37
9 80:20 100:0 428 236 1.52
| 10 90:10 4.07 1.53 1.33
| 11 80:20 3.59 1.38 1.20
12 i 70:30 4.11 2.18 1.40
NUUINA: D) sinaaduamsaiiusundonnmsnanes 3 41
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53

ANNAINUNQUNYI 60 DIFUVAITa

- L:$(90:10)
=
N\ M L:5(85:15)
©
e [ L:s(80:20)

v \ i v o a 1 i b4
i’)ﬂi]iﬁHizﬂﬂdlt‘ﬂdﬁuﬁ]ﬂxﬂﬁ\‘iﬂi’)!!{h V1N

M 2anvuaannunmuvesHanisulssmuldlnideuiigamgil 60 ssmuaidua



54

v
~ a

ATTNAINUNYUTIHN 80 A TICTE

2.5

o L:5(90:10)
=
- M :5(85:15)
©
c [ L:s(80:20)

u 1 J vV o o 1 k4 Y
29 5mmsxmnuﬁauumﬂzmmeuﬂa&mﬁn

M 13 s nunanuvesHansulsemuldlinideuiigamigil 80 esrmisaidua



AI1UA

v
= a

AINUNQUHYI 100 DIAUTAITYE

a1 (1)

1:5(90:10)
B Ls85:15)

O Ls(80:20)

Ly 1 ' A o 1 b b4
'cms1mm:mNui’lwumﬂwmmuﬂdmmm

M 14 s NInINuve sHaNn SuY sz ldlnieungamigii 100 eam

=
Lyatyeser

55



A1519N 8

56

v v v
anuanuvesraunsulsemu ldnnutlaiudlzndwazudedradrlnidoun

a ot d A’ a o :
BUNNUANS mﬁlauazmammﬂumammnum

Treatment Factor na1(un)
No. L:S C R 60°C 80°C 100°C

1 90:10 100:0 225 115 104
2 90:10 207 102 97
3 80:20 201 84 73
4 70:30 191 75 64
5 85:15 100:0 213 9% 91
6 90:10 206 86 74
7 80:20 198 72 62
8 70:30 183 68 57
9 80:20 100:0 194 56 52
10 90:10 181 48 39
11 80:20 179 36 25
12 70:30 167 29 19
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3.7 ANNAHMUUTIAINA
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Factorial ) LAZASIVADUANUUANAINYDIAUNGY AT Duncan * s New Multiple Range
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= a' ‘3 Y 1 a L% o @ 1 9/ Y A ¢§’ v £
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Treatment Factor Physical and Chemical properties
No. L:S CR Tensile strength (kg/mmz)
1 90:10 100:0 0.5498"
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8 70:30 0.6392"
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10 90:10 13911°
11 80:20 1.7454"
12 70:30 1.0689'
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Source of variation d.f. SS MS F

Trt 1 1916x10° 1.742x10" 79.387
L:S 2 1.543x10° 771710 351.665%*
CR 3 2.759x10™ 9.196x10" 419.070%*
L:S,C:R 6 9.703x10° 1.617x10° 7.369%*
Error 24 5267x10° 2.194x10°

Total 35
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Source of variation d.f. SS MS F

Trt 11 3.126 0.284 2408.320
LS 2 2.185 1.093 9260.340%*
C:R 3 0.627 0.209 1772.570%*
L:S,C:R 6 0.313 0.052 442.170%*
Exror 12 1.416 1.180x10™

Total 23
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