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ABSTRACT

This research was conducted to study the physicochemical properties of
mung bean flour and the optimum processing for production of pregelatinized mung
bean flour by drum dryer and twin screw extruder. The temperature of drum was
operated at 100, 120, and 140 °C (DMF100, DMF120, and DMF140) and extrusion
condition was set at 3 levels of feed moisture including 46, 70 and 94 % (EMF46, EMF70,
and EMF94). The results showed that all pregelatinized mung bean flours caused a
signiﬁcant.increase in water absorption index (WAI), solubility and swelling power.
Pasting properties measured by Rapid Visco Analyzer (RVA) displayed a lower peak
viscosity and set back of pregelatinized flour compared to native flour. Thermal analysis
showed that gelatinization enthalpy of pregelatinized flour was lower than native flour.
The starch granules obtained by polarized light microscopy exhibited complete
gelatinization. The granular structure was disrupted and no birefringence was observed
under polarized light.

Dough rheological studies indicated that dough produced from pregelatized
flour addition had higher G' and G" than those produced from rice flour and native mung
bean flour and the level of G' and G" increased with increasing of pregelatinized flour

substitution. Gluten free bread was produced from rice flour substituted with



pregelatinized flour from drum dry and extrusion process at the level of 5, 10, and 15 %.
The results indicated that the volume and hardness of gluten free bread decreased as
the level of pregelatinized flour substituted increased. The bread replaced with 5% of
either DMF140 or EMF46 had higher bread volume, better gas cells distribution, and
lower crumb hardness .than other formulas.

Response surface methodology (RSM) analytical technique with central
~ composite design (CCD) were used to find the optimum parameters including water and
HMPC level for producing gluten-free bread made from pregelatinized flour (DMF140
and EMF46) substituted at the level of 5%. The results indicated that water content and
hydroxypropyl methylcellulose (HPMC) addition affected on weight and volume of the
gluten free bread with linear relationship. The linear equation was used to build three
dimension response surface plots between weight and volume in order to predict the
most suitable contents of water and HPMC for making the gluten free bread. It was found
that 100 mL of water and 1.5% of HPMC could yield the gluten free bread with the best
weight and volume characteristics.

During the 3 day storage, gluten free bread made from DMF140 and
EMF46 at 5% substitution had lower crumb hardness than bread made from rice flour
and bread without HPMC addition. The results showed that as storage time increased,
the hardness of OMDF140 bread was lower than OEMF46 bread. This result followed the
same trend of retrogradation properties measured by DSC which revealed that enthalpy
of ODMF140 bread was higher than OEMF46 bread. Overall, these studies showed the
promising results indicating that pregelatinized mung bean flour produced by drum
drying and extrusion process can be used to modify flour properties and can be applied

to the baking industries.
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n%ﬁmLi‘luﬁm'lé*?iéiﬁcmﬁmuﬁwmﬂmwﬁ’lwa fnanlgnifuviannnia vTv\z'luqq
wzlgnun@ viralgnuyudeundiggniaiu@esdng Wunnaougeannsduan st
i lulsuna uazdsaaniluvaliindiaduynt) Wil 2558 Uszmalnaanunsarlgndaden
Aadumanugj1A 98,360 siu (zﬁfnﬁmqummjﬁ@m?mms 2558) A enRiniy (ﬂfu 2)
tusauRanan 1l 2559 1eAlansuas 31 uaw (@auaunadininauazfewuglng, 2550)
mmmnmummﬁnmmmszgq ftfuoilusiiibanay 2024 f1/720104 Dietary fiber g
Lmzumsmuﬂwaﬂm: LU Flavonoids phenolic acids uag Polyphenol Mﬂuﬂﬁi‘ﬂmu
nssniay Mafadiesen wasH AW (Tang, et al., 2014) iadangnansatinhludn
Hiundadnusiemaslivainuans iy susman 1uiandn wasinldwd@miueni s
i Aaadamunisudnfuiu u'anmmfum@'lﬁwmLquu’l’JqﬁfnLﬁqquouéquﬁumﬂ%aﬁ?
lalnsaennaedifiumsiiunauvils uazinauasialuanmsing 7 @80 Faunluu,
2545) mmmnu.ﬂqmwmtﬂuuﬂmﬂmﬁmnnmmu mimuﬂqmmﬂqwuqmmmqmm?
wudnunmifilnaanngan enaifingnsmisemnsrasnuil Shmiadenmiteg
ErAtnATIwfinguy c’j*?';'ld'lfﬂqumw

s nngiaansandalilaalsngaumanaadin uikdinn amnie

udlends anaFaTuls LLﬂqmnm‘nummq I nasl¥udleannda i Whdamidas (Soy

flour) LLﬂQﬂ’JQfﬂ,ﬂ (Chick pea flour) uikasau (Carob flour) muamuuﬂqﬂmﬁmnnqmu

axtaenlfinlpaunminalszamdudaseauniussilaauias umu (Mifarro, et al.,

2012) mi{mnmsﬁnmma‘huﬂqmmam'lumamnmmuuﬂqwu 41 uikiawdad i
nsliAraseuasiiiaulnd Lipoxygenase Mwﬂ'?uﬂ@mmmwmﬂwuuﬂq Tsaiuluuile
n%mﬁquﬂwlum?ﬁnLﬁuﬁ”wuaz?“nmmﬁmmw‘luu’ﬂq Batter dog1lunslnasauile
huszwinaiifnafansuenea deliidnlaneg adwlaiinunslimnaieusudldaman
anainbilaulmigninans i Wil sfugoydalaseatna wardenasiaann LNl
A NNgIAU (Ribotta, et al., 2004) n1slddadaauananniiia AMAMNEIUIT Y

nlasnnguuudnBunuseceslnlaafifagqaludad ag a1aildaudaailfinige
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andRsuAuniinrasaunl Luﬂwmm?nnLnumwmuﬂq batter mmmmmnum?ﬂm
g ?.ywmLumamﬂnum‘lm"mwm?mmmmm‘lwm sittveserlulaaugananuiy
Tassiamtadena i Buasingy (YA faiTavads, 2541) adalsfinusi
‘lu‘lmum:‘ﬁnmmma‘mLqummmm'l‘n'lumwamuuﬂqﬂmﬁmnnqLmu Fenidserluate
i‘fﬂwvnﬂuwmumﬂmmuummuﬂqmmm mmum?m'lﬂlmLﬂw)mqmummummam
1NlMAlnngy mumﬁnmmmmuﬂmomﬂ'af-mn"ﬁ‘lmmm'm?ﬂu Nazdanasa
ANNIRI LN

maaaulsuile Lﬂum:mumswmuﬂqmtﬂaﬂuuﬂamuummqLﬂumﬂmqwﬁnd
AMNANAANNFaU el mﬂmmuwmqu Lw'a'lummvmmmum?m‘lﬂlﬂu
RAIUNTTUAINNTFI - Tmﬂm‘lﬂmmmuﬂmzuamoﬁﬂﬂmqmuuazzmﬂmw anzasild
'lun'w'fmuﬂmzﬂuaﬁiﬂauu‘ﬁLmzn'l?ﬁ'ﬂﬂlﬁ’luuamﬁmm'mmi (il Tuulue), 2549)

uwilan3aani ud (Pregelatinized flour) Lﬂuuﬂqﬁﬁmuﬂa‘mqmﬂmw Tnetfaanag
aonasan umvn'luumn']wamuﬂwumummmm‘lm m'mlmmmu.mmuannm (Drum
dryer) metﬂnmmmm (Extruder) mmmmmumuuuwudﬂﬂ (Spray dryer) Wlawaanm lusg
fdparusnansnnssaneialdluigy Tiaaamiialiviug qmum‘lmzsqmmmmm‘lﬂh
Whidounanlundndugiamns IHaginaililss LAnsnmsnnailaRin (g Famg UAADN
UALANLE, 2554, niin 13) u.ﬂxrwsmmm‘lwﬂmmm'lm'lumammummm?‘lmumwum v
Ta4 ua.,'ludounaumﬂwuuﬂumLifwﬂ (Ready to bake mixtures) nsliuthwhaaniludly
cmmnmfnmuuﬂum'ﬂoﬂtwummmmm‘lumsc;]mum dainiiuiTlusendnnisuay

nsmiinin uam‘mﬂmﬂmqmmwmmmmnmm (Schober, et al., 2005) utlawdiaaaalud

" anfamsznada gy & mmamwNammnmsmmn«nmmquulﬁmm‘[ﬂsﬁuqq faruanns

‘l.um?qunuml.wquu (Filli, et al., 2010) el lsfimunis@nyiaatunisndnutle
wmmm‘lummnmmmmLﬂuw‘muqammumnuqmmqnm

madinuihanuls i wllhwdiaanilug visalalnsreanassaiiaming ] 1
WTUUNUAN Uas HPMC wtlfulpqudaniRaesds uas 1untlisAannguan Curic,
et al., (2007b) ﬁnmmmamuuﬂqﬂmmfmnqmummmnmu A datwauanany uay
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FraTna muuﬂqﬁuﬁmmnﬁmiwmumnmuua:uﬂqrfqmﬁm fismardau 75:25 i
nezurunnendngiuiSnadn fadu luBuadenas 3 azffFunasuaniigauaydl
m?ﬂﬂufumqﬂ?:mwﬁuﬁaqszﬁqm

Lﬁmmnqwﬁuﬁqummuﬁm wiil 3 Aruasizal SUNBYNUAI SINTAUATEITH
‘la”n?'uﬁm?mm“?um?ﬂqnﬁo@m'lﬁmimnwmm et tannAndacenuan
In&iAee uﬂﬂ’ﬂ'lﬂﬂ’]i“ll’]ﬂ'lugﬂﬁ"')Iﬁlﬂ’mﬂI.Lf’ﬂ"lﬁﬂi‘zﬂﬂunﬂ?ﬁﬁﬁI.Lu')ﬁﬂ'luﬂﬁiﬁ'n%’]Lﬁﬂ"flﬂllﬂ?
plilundasiusianmnasing o AnfuntananutladaFen ullowdinanilufanndaden uax
AnranasiAnasin il dinteanmns mulldansdnaunlialmdanngmuannuilda
Lﬁméqun"uu.’ﬂqii'mf’éqﬁﬁnwwamu'in'luﬂumﬂ"l'hm siflunisednndnsueieilalu
wuﬂmmmqmm? uJumqmﬂnuuwmquﬁnﬂmﬂuim Celiac disease Lﬂumﬂwuqam

&
‘Il'ﬂ\m’ll.“llﬂ')LL@"LWNT']EI16]1HHULﬂﬂﬁl?ﬂ?ﬁdﬂ@ﬂﬂ’]I.‘Ili!’ﬂﬂﬂﬂ"/n\mu\'l "NI.‘IJNV]N’]‘II'E]N’TIA’J’QEM

NVNIEIBINTTAN N

Anmaaniaei wnrzanlunedaulsutlsdad@aaTaedz nswiinani lud
Tae ¥ asrinugia uuuzgnn?{q (Drum dryer) LLa:Lﬂ"a"‘mLaningm'ﬁ (Extruder) itayinan 4
umsudnauilalsdannguny uasAnmantFnraniitaznanmesadldadeniy
uazlilsanwls

LﬁﬂﬁnmszﬁumﬂmuﬁLt’ﬂqﬁqqLf’é'lﬁ'mu.’l’hn%Lﬁmm"mLLﬂ?‘[ﬂﬂ’iﬁm'fw?‘L@mﬁ’lu“i
AaduiFndTlalativedln uay ﬂmnﬁwmawuuﬁqﬂﬂﬂmnnqmu

3. ieAnmwaten i 1 uaz HPMC vnmmvaummwammuuﬂmmﬂmn

nqLmuuazﬁnmmiuJaﬂuu:ﬂmqmmwmmmuuﬂﬂuszudwmﬂﬁu:*nm
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19 Aanauynsuatusmiufina o (2525) wuaeda wAnTEINTNINUL)
W29A Gramineae ﬁmﬂuﬁryﬁmﬁﬂuﬁ"ﬂanu‘?‘fnﬂLﬂummwﬁn‘[mﬂmwwmmmﬁﬂ
Hluundsrasailulansm aursansylianlu wnauguuazianiau lnaidininign
uwinszaaeliinalan wiaily 2 4audn e #19131 (Non-glutinous rice) f3av4
nurAaniae Oryza sativa uazdinamilaa (Waxy rice) 401174348819 uu1913

(International Rice Research Institute; IRRI) THdunniinoniauuneslulas ANFINTIN 1

AN 1 NMsapuitmulEunueslulag

sziandng azlulag (Sasas) AnsusdiIgn

fiawilen - 0.5-5.0 wileannn
azlulaasun 5.1-12.0 Un-ntlen

. . lulaasin 12.1-20.0 Un-ntlen

fidn L
avlulaanany 20.1-25.0 Uu-ntlenn
arlulangs >25.0 Fauudia

d [
AN 0T PaLAS, 2537

1. Tassainrauantii
Luﬁmﬁwﬂ?znﬂuﬁmmuﬁﬁﬂﬁuLuﬁm’}m Funda unau (Hull vida Husk) uas
davzeailana (True fruit vite Caryopsis grain) dadousaauldanuasiiteluwdaiissnn
$aua 28 uaz 72 Tnsriwin augady dawlsplinaul@ensagnisindad diutinagns
fanzdourauiialumsn (Starchy endosperm) %qﬂa‘znﬂuﬁoﬂLﬁmam'a“nﬁﬁnumz
fimasnauna 2-10 Tuasau Auilunguuiu daullsiiuaziflueyniaiiidneuznax

1A 1-4 litasau unsnagiuidaamisiinszanadantirdasinniifialatuagluniton
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IndAsawdlnliuutieandililsiu (erausd dina, 2538) frdnmanazgnlilu
- o’ o’ o < A U Ql
nniEnadaantaegn doudiaininazgminldwlsgdhadliieaiwyaddi
'3 <t & e
2. asdsznaumataliraunantin
+ ,
aAlsznauntnailraniialuadatinadalugjasdsenanlidaaarilulames
Fazaz 90 Inenininudie doufivdessifiullsibenas 7 luhBanay 1.5 uaransenmnsa
n‘l o a} dr 1@ a« {
anfataz 1.5 neiwminuiic avAulamsefiiiluilawsa daulugjilugniigdeluians
savamigazsenaylulfionazinlag (Amylose) wazazlulaaiiu (Amylopectin) a:lataa
{hindwafidadu Mlszneudaanglagilszann 2,000 mise sefuilugreatdenauuyes
dhun@eauuy Helix deusaiufaswusy a-1,4-glucosidic bond uazdoutiaaiu a-1,6-
. e i a o« = o a o
glucosidic bond wanuziierlnlamaiuiuindmesidisuninglaa Ussnaudaadouimihy
Wiumseraanglaadansiaiufiaawusy a-1,4-glucosidic bond wardruiiufiedaugnan
sailulndwednglaaatdudendaiudoaiusy a-1,6-glucosidic bond unmezlulag
- 1 [P = « < 2 = 1 74 a
uazezhilamaiuaziveivaiinvasamia aamfrantamiealsnaudasesinlamnagiu
14 k4
inavimua dauanrfsandninfiBunaeslulasesludasenay 15-35 Taiwnin
Tuegjiuniufing (aseusd widna, 2538)
LEICED!
& =] -ddll a oy . L ] .
094981 (Mung bean) NMananAdniAa Vigna radiata L. ﬂg‘luqqﬁ Leguminosae
da’ ° a |sﬂ| a =l -l/ =t [T I 74 ° v ={ J = o
Nauniinagilszmatuay dodleadiufiedugn a1iuens lilausauminaqaiduieaiu
° v o o =l a [~ a = t ° v d‘ .
awu meananiniaiude feaaniianiuyyluiadaauuuesdniu uasilarsgente
° v A Ay o o8 Ay - - a « "o -
anwisaneniu danen dimdifieeniienn uaslinendadungs Mlaeda aenutls
= = < =l 1 P <y 2 ] o
Nnauaanilszam 10-25 ndu anildiins wites uazana aenuiy fnnadusugudnan
) ‘.’ ] A 1
Uszanod 1 iuims dndadendigylivnansn doutlaeeralieandntion dednurass
0” 1 S o ¥ o < 1 o [ d' = -3
dhanedausudiaimadin dvitenawauansineilianasing dnil - Hidmlssain

10-15 wdn (laen wiaguy, 2539)
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1.1 tdeasssuanidadidaaudadiu hotugndenindasanuaziuidn
santiedeludamingsntlssna
o = A e o o a e e °o o -~ o
1.2 thidandnawitadoanes dadaadailldnumzasu lu uazfnumilauiy
o o s v @ P -~ Iy o Ay A o  eolojal
OTETT RN T a0 Luam:uamamwm 'hl'lun’rm’muuLwaﬂ"m‘lmamnmwawm'a
13 dadanfiauy udadeafifwgafuguy qdarmune zdmiulgn
B Emannsn tummn'lmauangqLtavmzl‘lmmmm naasnalssnAlata @0
J L] - 1
1iall dadaafaduwiveanfidly aasriianindeesdinug de sinTiiadnuridendn
ej [ o 1 e g o Ll o’
azulasuiludsousauasdng aun WUFENET 1 AUNILEY 1 ATUWILAY 2 Taun 60
G 36 WAL N 1
14 Ga3e9Raen Hanuosandy i uaztnAf 80255 Tu AR TURNRY By
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lu uasiln wasiugiidnfuge uaznanean dnunddsliunnde waadsan Sauldinng

U
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o" d" b 24 dl %4 ‘ 74 24 = o = F 1
dneniasnsindasenitliavAaudindau uazidann wnefuninitng B W gnes 2
waziuoylan 2
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2. asasznaumaaiizasnntsg
< = & o o = e a
avdilsznaumaiizasndadadgaaziinonuandriwllaurinreg

didn mMawztgnuazanizlunnstydiuln dadieoasih Bunuaninssesiiiy Leucine
uaznsnasiiiy Lysine Wiffunouiige udszamnana sl ansdudiuesdilsnay iy

Methionine 1fnaunsaazihilunidadasiinsg - uaaslumnsa 2
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AT 2 ﬂQﬁﬂ‘ianUﬂ'\Qlﬁu‘nﬂQan'ﬂﬂq

' ' Aa
AuAMNINTwIMs ludounnule

avplsEnauniaail Wi .
100 nsy
AN g 9.05
WANY kcal 347
WANU kJ 1,452
Tusitu ' g 23.86
Tas¥ae g 1.15
W g 3.32
Afulawnsn g 62.62
Wl g 16.3
Wsanalaiu
naalaTuausn g 0.348
10:0 g 0.000
14:0 g 0.000
16:0 9 0.250
18:0 9 0.071
mm'lmﬁu‘lﬁ%luﬁq g 0.161
16:1 g 0.000
18:1 g 0.161
20:1 g 0.000
18:2 g 0.357
18:3 g 0.027
ARDLIALADIDA mg 0
namasas mg 23

fn: sauasann USDA National Nutrient Database for Standard Reference, Release

25. (2011)
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acsufaziifFuessesAdssnaumauaiinuansnaniy gaulugy

wand@eafuiluashlsiuiivesdlssnaundn aefdszneumnan Hluraundndaidan

WUHN9 7 uanslumiie 3

o =t G L o=~ o o1
AT 3 'ﬂQﬂﬂ‘iSﬂ’ﬂUV]'\\ﬂﬂN‘ﬂ’ﬂ\lLuﬂﬂﬂ'it‘llﬂ']quGI'N 9

& o v o s 8
anasznaumanil (Fasazlnaiwinui)

. ¢
aemug Ann3 Tulsiiu \EHaly W@ lasiu

@:Vlﬂ\i 1 46.36+0.83  27.99+0.41 3.92+0.00 13.94+0.07 0.49+0.15
AUNILAL 1 46.10+0.71 23.56+0.31 4484017  3.94+0.12 0.42+0.07
ANaLLEY 2 44.93+0.80 29.51+0.51 4.11+£0.13  3.95+0.05 0.36i0.02
FeUIN 60 44.51£0.97  30.02+0.19 3.70i0.38 3.81+0.00. 0.39+0.10
a1 44.66+1.18  28.49+0.31 4.05£0.33  3.99+0.04 0.51+0.04
FeUIN 36 44.26£1.13  27.63+0.07 4.10+£0.05  3.88+0.04 0.50+0.05

< o o
Man: qtlel TaAtisum uavanuy, 2543
-3 -l/ = = = 13 =
AN THLIs A TilA 11U WARLTEN AR naauss dand Twunade
uazunniliden tdenasiBunouisgunaden uazuaadougs (Meiners, et al,, 1976)

annusswlundadoniiasie uanslunisme 4

1919 4 UTainausag lundangiinsng o

Wsanniusane (RaAnu/100 nia)

n wrarden  Twundidan  wan  unnihi@en  wawee  Vdew
faaed 226 546 8.5 236 2.4 27.9
2@ 124 326 7.3 171 0.97 28
daaufia 69 293 4.8 94 0.66 40.1
dalfadia 260 410 5.8 195 0.95 15

P2} o .
N AAWLAIAIN Meiners, et al., 1976
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wiataeiinsing 7 dluungsemsfiifinnfugs Wud naaiu (Thiamine),
1sTuran3u (Riboflavin) uasluandy (Niacin) '[ma'lun%ﬁm%ﬁﬂ?mmwmuﬂ‘iiﬁu
(Catotene) 94 InTAsn11/100 n¥u, naniiu (Thiamine) 0.47 ulAzn1/100 nfu, lsTunandu
(Riboflavin) 0.27 IuTAsni4/100 n3u uaz luadu (Niacin) 2.3 Tulasnia/100 nfu waziile
Lﬁﬂmﬁﬂuﬁuﬁqmmﬁmwudﬁqﬁmﬁlﬁmmﬁmﬂuﬁqun nodmiulumiada

1AFN 7 uaalum919 5 (Fordham, et al., 1975)

< < b ) 1
A5 5 USanamAuluaiinnagfingng Y

Uanadaiiu (lulasnsaioo nd)

a &
THABI ualsiu nandiu lelunatdu Tuandu
o 94 0.47 0.27 23
daauiia 270 0.45 0.2 2.6
darlfausa 30 0.88 0.14 2.2
damias 426 0.73 0.39 3.2

#lan: sinwlasaan Fordham, et al., 1975

wikuazashilsznavuail

uils farflulawsnifiuesdlszneunanuasfasdsynendy wy Tsfiu Toafu
indaws luuandies uilwanas (Floun Lﬂuuﬂqwuammmmqmumummq 7 viu Sy
fmsznaci Tmﬂmmmmuﬂmommmumu.aV?ﬂumumzunqummmmqnu uithwans
"Iulﬂullﬂ\lﬂu’t’]\‘lﬂﬂﬁ‘vﬂ'ﬂUVl’NLﬂNWGMNﬂLﬂﬂ’ﬂﬂq dou uihan 5 (Starch) aztiluuileiis]
nsanindauges Tlsiu laad iuef eenaumaiansdangasanisa (NA1UTNA ATsan

d‘v a s

uazinana tazaanadty, 2546)

~ulflunedinafuninglaa ﬂsun'aumwmwmmmanqIﬂam
Feusiatudoaius: nglaBAn (Glucosidic linkage) AATFLAUAUMLST 1 14
ﬂmmmmﬂmﬁLu'a:?wﬁmi'manﬁaﬁﬁm;jLLﬂaﬁ'lam' (Aldehyde group) {141

UaneFRa34 (Reducing end group) u’ﬂqﬂ?xnﬂuﬁwmﬁmm“mmnz_]‘fﬂa 2 9l
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- [ 4 o’ 1 4 1 o
Aa azluladuazarlulawmwaRuaradalunuafatl uleanuuasisineiuass
o - e‘ ) [ 4 L o
ﬂqufzummﬂz‘lu‘iaaua:ﬂz‘lufmwmuwu.mnmmum'l.ﬁf]mauummmu’ﬂqﬁmm
WanFINgiu

¥ < J = or
(NAUA ATsam uazinana tevaanadty, 2546)

A9 6 AATANAAT yaasazlulaguasaslnlainaiu

ATMANIIR azlalas azlulamnaiu
anwaurinzaaing arslsenauvachmanglas danles nﬂummmmanq‘[ﬂa
el uguns Lmznutﬂummu
AUsY a-1,4 o-1,4 uas o -1,6
WA 200-2,000 Wiasl N9 10,000 wdael
o” v Y ]
NNTAZANEIN azanellfitiag avanelfin
ar o’ dl k74 b 73 Qy ¥ 1 o o’ & () [3
N3LIF Wa liimufauuasiels Tudausafuusinuga

ArAUANURALaTILELITS

ﬁm: Van Beynum and Roels, 1985

1. avddsznauvanangludiauile laun

1.1 avlulaa (Amylose) Hlunediuafanunsaaasinaa D-glucose Uszunay
200-2,000 wiiaeiFenrafudaeiusy o (1,4) glucosidic linkage ﬂﬂymﬁnTmaqﬂﬂivmm
6,500 714 160,000 Aa 61 'amq‘lsnmu'l.uﬁs'a‘ummfauwua"'luiaawumnfm'ﬂﬂmqum:wu
Tadaan ﬂ.,‘lu‘l?aa'luu.ﬂqLmavwm"umuun‘iumqawLtmnmqnuﬂﬂn‘lﬂ wazuilsusiazaiin
Haurnly Laqam’a?zmum?m ANDARINDT (Degree of polymerization, DP) 92482 lulag
funnsinariy wiliituanaseseslutasmaaasiinnHmemsiudmiiensfdiinns
s (Retrogradation) Anndnaslalaaanedu (NAUTNA AT5am uaztﬁyﬂqa Yeazaanwity,
2546)

1.2 aclulamaiu (Amylopectin) Lﬂuiutaqammﬁ’ﬂma D-glucose [daurariy

aGeanflugransauazanaldinaiussinalalas 2 wuw AadauMiluiuszanamnsa

Wuwuse a (1,4) glucosidic linkage Wa < dou*nLﬂumﬂifﬁfwmﬂumﬂmﬂwuﬁu
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o (1,6) glucosidic linkage aluTamaRuT ity wnadszunns 1,000 winaasaslulag
An sz 107 8 10° anadi arlulamaiuazignmnisausanilasaniilasadsioi
Wluaneld ma‘a:mﬂuﬂqﬁﬁiﬁmmﬂmﬂﬂﬂaLWﬂﬁuqqqz'lauazﬁﬂmuuﬁmqqtﬁﬂ‘lr’ﬂ'?u
Antau dadautasesinlaauazeslulamaiuazivagiusfiatasamsa Inaannizann

[ LA

fradnagiihunuesbilaaasfanas 15-35 Taeriwin quif?lyuﬂqnu uging dwivania
andiawfisnaslsznaufoneshilamaiuiewiome (esaud 1ieiAng, 2538)

1.3 #1909na (Intermediate material) #ssanatslifiedoutiasTuuil ung
4R mﬁﬂ?:nauifﬁi‘fﬂuﬁn‘mmqm’iaandm:‘luiaLWﬂ‘ﬁuLWi'mnvjnfhﬂz'luTaa (Rupp and
Schwartz, 1988) ';Ll??mmLLamem’i‘qwmmw‘i’fmmﬁvuwﬁumﬁﬂua:mqmﬂﬁmﬁ;m
w84#i (Guilbot and Mercier, 1985) 1Bunnuidadadiusasazlulas o lulamniu uazans
rﬁTonmq'luLﬁmLL'ﬂq'l:Jm*?'i?l”uagjﬁuamwm‘nw'\zﬂqn

1 =
2. dailsznavau 4 malwiiauily

doursznavauiiinaseansisiazanisninvaiauiladidrdty Mud Tusiu
Tasts 1Ein uaswaaneia SedliFnnuansiuluutlusazain
2.1 Wefiu naluuihasiidoulssnaveslisfiuagninitesns 1 Tnalilsfiu
(Y 4" = < v o ¥ o J a = v -~ '
azinnzaguinuiuiareddauil Mliinadssquunudadauils Anadenisnszans
raudauily Mliiuihiidnsnisgadunn nndanisnasia uazdnsnisiinaaiilud
wlasuwlashl vinliAndfisamaaiia (Maillard reaction) szmdnanasinilfizanaes
neaezlluininnainags i lia uazndusarasndniusiazuldsuuladh]
2.2 o Wik inadoulugjacfiasAtsznausacluivasindntesas 1 18l
o aal ] v) ] o - v L | = v = «
westuiuiileglunihilnasanuamiBaswil wu nasannumiinsedh lunnsdiased
any 1 4 o O LN o b4 o v o O o [
AanFvasuilainiinieiidnlesiuasnainuils lnaannsaafiiiazaeviteteadans
Taalfiaulad ludunisonagludauilazinasadnruzuasquantifecihingazan
t 4
o’ o’ a’ o L] J o 1
ANATNNTDIUNTNENAD N13RTane wasnsdusaiuinaaauil uananiinea laaiuly
tal o 4‘ 1 a J - < t Y o ¥ o al = 4‘ = Saan = o‘/
awstvegiiinuiuialiauilasinliifanauiv Wewnanifad jiueandindu
2.3 i1 uikineinllfiesflsznausesanseflundd du Tnden Thungdas
a o = a < 3y A 4 Ay v
wunlid@en uazuaadan anisodirssiliinaldsndauimasidatitaannmsining

Tneianysal
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2.4 vaavla¥a uildulunillasdlsznavaasaanaiaainanirfesas 0.1
WaavaFantaluuihegluginaamndaniumlansaniafinnfueusiumisn 3 uaz 6 7a
wiaeinglaa

3. wik11214
v v 174 = v v o =y k74 | = v b 74 =t e

wikdindn anunsondnldiann $199n sidatlatedine SEnsmanudleding § 353

1Hun A8 Tiudia 3500 usddslinan dwiuFanisTiinshdinisineu i luntsuaauliing

1 73 } c‘ - ac] [ 74 o v o ] N 3 o
wihinanudnamiaduiisinlalnaninidinundauuendalaauilusen aaniuizllus
Aaearasliasi@andluuile saudunzunsetaundl dmivasnislidlen nasnlaatin

(- 0” A' 74 5‘, v O’I 0" =] ¥ v
WandudAutn uanTan wanuileanannin niseaniiuinasildaudas gednalle
wazhlsiuaanunldnan dautlhaminliudis ualfiazi@an wastiunsunsesaun Seas iy
HAN AzFUANNITHIMARTauduauinadatunslditen arnduindadldeuiiass
dr 2 © [ %3 = ° ] ] [ ¥ Yy v d‘d

ANTUAY WAt ualiaziass wazinlildaudiuasunsesauullauwldulleiianony
az@anaiinaneii (11 aad, 2537) uilildiannisTiuisasdinunanem mwmzndn

b t ¥ ) | [ 0 I3 or % a a' = °
wihrauiinmeu &uRatluaggends argnisiivinmdu anduiiu uazgninataann
unaslidne (wian 29A1R, 2552)

wikinadazlidnsuziiueedann fawnseadauilh 3-5 luareu gudauiy
fvanemany guuugiinisiiniaatilud 70 asaisaidaa $1Buinesiladbenay 17-28
Taeninninuiia fBunnililsiiv i uazladifesas 7-8,0.5 waz 0.8 mNAIAY (NEUS9A

J - o’
Assan uavinana uzaanudny, 2546)

dnin AT usaniusigRaunaan (2529) Widmunanasgus@ansious
guavnssnuilingia Inauilvinaddenilumazian idumuiubau f8amidedann

] dal o v v 1=t ¢a' =4 o -1 LH’ A nl 12 l‘lﬂl

W Unausdsssuaifaacuileding Tdinauiu 4 wiiunlFen vitenadlaifed svaesau y

wazdsAan@sdaaniu anndunga-saaeeuil 5.0-7.0 filFuanaaituazesiulag

Tdtiaandnsauas 85 uas 15 Tneniwninuie musnsy Buiuauduuasdi bifbenas
13 uaz 0.5 Taginminuiia maNasu

wihdnadnaansawianBinusesesluiag eandh 4 435in (Juliano, 1984)

o

i

1. wilvdnalkaaanuilenfedlulaaniuan d3urueslulagdanas 02

Taeiinuinuiia Aauinun i lunmiauamuuasinass
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2. uilvlinaannutleitazlulaana fil3urmesinlantenas 920
Tneninninudie Ren ¥ hu@afosiamnsdiuiugin amsdinuazauatl

3. uilafradnanutlefifiezlulagrunane f1lnmeslulag 20-25
Tneniwinudiehslszneia e unsindnilfastimamin wazginseile

4. uiliinaranuiliifieslutaage Hftunezlulaagenintanay 25
Tneniinuwdie Semiun ¥ lunmsindiuiaodien

4. uwilvanden

Whdiden (Mung bean flour) anunsananliinelfda@aamgausi nsuan
Winl# 333 Aa A3 Niufie 330 uaslinay nesuABnisnanadafunimaautleing
wlsiadeafaaininudniiundndosfanmsiuiy Al d1vidu (asaved UtAna uay

Aunn wardkngn, 2536) NmsgrumARAMTignanssiuiladaden Amaliiutleda e

| Beefidunouamitedenaenidn Lifinausdenauiilifalrzad Usmaanieulandaey
fuadiudnamulan ponndulifubesas 13 wazArANEUNIA-AN 4.0-8.0

Prabhavat (1987) Anwauileanasranndaien (Mung bean starch) Wu41
Wauihdauluniglinailundg adautlazFon Saunlsvann 18-25 luaseu fhunm
Tustu lasfu Euazlnleanas 25.40 2.52 3.16 uax 1.01 Tneninminudie audns

an1Faiaideaii Degree of polymerization Uszuans 12-13 {guuginasiia
19an7 lud 54.6-60.2 avAta@ea (Kim, et al., 2007) 3N10uNAN (Relative crystallinity)
1838p 310 B A srinnBesay 29.0-31.7 Ann1Tagal larsaieealngannia
Tnelfmalladtiand-isdavusndu (xray diffraction) wudnisiaaniigasiilaseatranan
Wy C-type maimaqmmﬂﬂuiﬁaLwﬂﬁu'],uamaf‘nrfq@mmvhﬁu 260-289 x 10° g/mol
Wil (AH) Tunndaaaniluedy LL@:?Tmm?Lm‘fuwhﬁu 8.9-10.3 uAz 4.6-6.3 Jg”
AR (Kaur, et al., 2011) ullidad@eafiindaniswassauasAnrasangldreudingn
mqLﬂuuammmﬁmmﬂz‘luimﬁqq (Genaz 30-32) v lUdamaemsnassrraasinugle
Ltﬂqﬁotﬁﬂaﬁﬂmumﬁq@,qu.azﬁm'muﬁmﬂﬁ'mﬂﬁqﬁunnﬁuﬁf aunsndesfoniaulmel
alpha-amylase Waz glucoamylase 1A (4Tiel lafilsum uazaniz, 2543)

Chang, et al. (2006) Anw1uaaain1sldnsauanfnuas Steeping liquors
fsifurann NaoH, Na,SO0, kaztindu AflnaseaaiAniaaiinisnmassanadaden

¥ ] 2 ' = as = ] .l/ =
NIINITAN Nﬂﬂ’]‘i‘ﬁm:l"]W‘lJ')’lﬂ’]’a‘l‘l]ﬂ’]ﬁ‘ﬂ’]ﬂ‘ﬁﬂﬂﬂu‘iSNN@ﬂ’ﬂlﬁ“"lmﬂz‘lutﬂﬁ Tneiagisg
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flunsutnsauaninaciiaslulastanas 30.9 uazda@uafiud NaOH, Na,SO, uazinndis
=
il

Bunuazlulagtesas 30.9, 31.0 WAL 31.1 ANAISL

uilamuls
1. amlszasnlunsanuilsuik

wilAvudazalinaciguanifanizduazaradiiedsrindmiunis 1l
gadunssy uilwanafizauilanfasauils (Modified flour or modified starch) az il
nauhAunAsuwassnaaihienananin Lﬁﬂﬂ?"uﬂ;mmauu’ﬁmmuﬂqﬁu
Timuizandmfuninild W lugmanvnssuainis ulladnwals (Modified starch)
ANNAINUHEIRS AT IUNA A U gAAIMNTIY Nan. 1073-2535 Mg WARAaTLE
annastiuile (Starch) i uilafudatlends wlsdinatne uleaiuel s wileand nuldew
anlivnaail uazhizai@ndnifufosniniien weulnt uazsiiassafisiasg o del
wanzanfunsih b lugravnssuamnssia - %mmﬁnumztnmﬁuﬁqﬁw 1 12uiledin
wlsusaziszinnazdaaiullautiaivuaninsgrundnsiusignamnssnutledauls
dmFUgAAIINITNAIMT Nan.1073-2535 (NEmsed Aisan uazinans Tasaanady,
2546)

wilaAutnsvia R auRunalsznsiienalsi wazaNTUNTHaR luaAa NI .
i Hdaspumnilaiiuay dnvnzifedudalaii fammmsausdeulunssummsan

vsannuAmuRaan19zn a1 nedanlsuilazifluntslilsnuaniiuadssnng

{]
=

1auildn inalitliuilndignanidiimanzanseninith 1 lugpamnssiemns

e e

o o 4?’ o 1 = . . o = al «
lilanusiledulannau Amusiagniazmsk@aléa (Light, 1990) sinlinsRmasilud
’ 1 2
(Gelatinization) NITAUAD (Retrogradation) ua:mmrylﬂﬂuwmmaamm dAnuAea
[] (-3 Al 1 or 4}’ ddy ol ey
AaN1TLEUINaTNIIATanY (Freeze-thaw) INTU dniuztesilainandu danautii
maiflunaiingu Aauantifldseniy (Hydrophobic) Wiarmuatnsn N suaNiLRaA
AzaNEaY 7 1fiNA (Bemiller, 1997)
2. szianaaanilinnuils
Y] s ° o ¥ aad ¥ e = J = ar
uthavaensmindaulslfinaieds ndvsd disen uazifana Tavaauadty
(2546) 1AnBunadauiladnulseiingng - fsil
2.1 nsAaulamAll (Chemical modification) Whinisimlfiaiasiszudng

wllsfuansiafialinde ) lnadaiguugiidindrquugiluniniiaaanilud
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(45-60 avraiden) Tnamainlfrenasfafidunioreadadl nssaulndlomans
wivaaniilu

NsNRAYRULE (Derivertization)

2.1.1 mﬂmuﬁmﬂu‘l‘.maqaL?{ﬂwmu’i’.lq(Monostarch substitution)
Wi Ujfteneamefifiadu wu weuadnn (Starch acetate) Ui aeamefHiflindu
it wiklamsandiafia (Hydroxyethyl starch)

212 ma‘uwuﬁiuLaqaﬁﬁuﬁﬂqﬁfumnndﬁ 19y 1du uilasaadq
(Crosslinked starch)

n1zanaualaanauilalagnsa (Acid thinning) 1y uwilediasfaense
(Acid modified starch) e Thin-boiling starch

iandvisludu (Dextrinization) 1flunsanauiavtanlaauntsduimnigy
(Depolymerization/Transglycosytation) Ta e liaq1u%au vitaarnubauiunsa Wy Naals
N3 (Maltodextrin)

aandindis (Oxidation) Wumainliisenszudnadlaiuanseandind i
InRanlalilsnanled unaidanlatlsaaalsd nlifanmanduazanrunsasluiana
m@qu’ﬂﬂmﬂﬂﬁﬁ?m'ﬂﬂnmmfu (Bleaching wa e Depolymerization) i1 uilvaandlad
(Oxidized starch)

nastiaa@ang (Hydrolysis) Insiaulsfitansa adesasiawlaliy
| ﬁtlmaﬁmmaqmﬁn \w Enzymatically modified starch

Witczak, et al. (2012) 11n15An 18NN ava98 A1 5T A AU In191AS
(Aéetylated Distarch Adipate; ADA, Hydroxypropy! Distarch Phosphate; HDP) wa ¢ uilq
HraTwaazlulasge (HACS) ﬁﬁuaﬁiﬂauﬁﬁmﬁfafﬁua:auﬁﬁmqmm’éﬂumaﬂm
saamfainanauazaiuelfe souiunsifiwaRiuuasioiuannmmasaanudrtafidiuu e
fausazlfiaaiiildnw oy Weak gel A1 Storage modulus (G') quumﬁummﬁ
uazZA1 tan & = GYG" azulaewhiann 0.32 dlu 0.49 nssauladag HDP azflnafaduiia
fiu Viscoelastic 1841n Taauihdmulsazfiamniinadi aiscoelastic anat uazfiiiuase
Retardation time LA Zero shear viscosity n15 14 uilsdnuils (HDP waz ADA) 4145y

= 1=t o ey 2/ ! . . 4
n'mmﬂu'[mz‘luuuamzwunuﬂuummqmummuum (Pasting characteristics)
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2.2 nisanulan1an1anw (Physical modification) nsaauLlsnaenianw
o A ey [
Wlunaminliutlsuwldsuulasquanilna lianabeu audu arudu urdeu
{ - [ 24 1 o _ J J
Nfadtainarilifianalasuuladlassainamienianineeci nsuldauwlas
U J L Lod i L ) i 1 { ¢
wanilaziinailiuthdaulstlidanimdumiiiuazauamitnmnnisulaahlday
. 4 -
s Tanllugnamnssuamauazgnamnssua 7 (Auufia uwaago, 2554) 1iin
aaanranildsnenenin aun
- ." . . . < ¥ v ¥ 1 t’:
19877 Ut (Gelatinization)iflunasWinaatauuthautuiunauses
waurduudainuoiui wu wWhnifiaadlug (Pregelatinization starch)
E 13
wilvazanavinidiu (Granular cold water soluble starch) il un1sudegu
1 ;1 24 v []
alfuiliansoazaeliluingu Tnelifesuiuneunsfinaailudu
< £ o Y o v v &
nisanaunauilalngmaena naevinlidauilasninanianaazlgwia
wikavnadnnandng
N [ k24 E tdl 3 v ] = 0. '
Annealing iflunslitraaseulurnizdauilse sy luguugRandiqa
1Ra7 L
} %4 9 J . [ b 74 b 74
nsulsgilfagAnuFauTu (Heat moisture treatment) ifunaslfianabau
gandryaani uduwnuil luansiuildiannsdusia
3. wilwSiaanilud
wilwTiaariludvtauilantiaa (Pregelatinized flour) uuilesaudaanag
menw TnaliromFeuunuil inlfuilegniitaifinaanilug (Gelatinization) ndaaantiu
. L ‘v o L YO T 7 o ° E 4 o 2 a" 4' o 9
vl linludiesaenAsasinutie u LATANVULLILGNNGAS (Drum dryer) 1AT8IRLHN
wuuvivlatl (Spray dryer) vitaiAsaaandnginas (Extruden) wazunlfazidan 1Elasauls
dl ar 1% 0" (-1 L 74 ] v o (Y o [ ¥ o
awnsoazaneanszaada i luindu Wannunilal5ud wasliifnme wunsdwiuldng
H 1 J - o’
2 ke liaanaiEeu (ndused fisan wazinena tevaanydty, 2546)
3.1 mauanuilviTiaandlud
nmesanuilwiiaadludanusa il luvadhiuwasudmulmaaas
1iineine] Taetlewiuilsdansunduildon thiuueewdalsanasesay 42-44
] d’ o 2 t %4 4‘ o 2 o b %4 °v 3 ¥ v lﬂld
HIUATAINIUAN ANTRUAINLATEINULINAzR N s uaean Tl aaniuas B ulleis
ansrousiluuduuneufionfingnndauasdiaciinisasuguliivtliiasmaianaiie

Wildnandtusidqunmwiag
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dl o } 73 el' } 22 = v = =) « = o d' o 2
s I lunsudnuilawiiaanilud duataeiia wiaeniaudia-
Q’l <& add‘:\ -4 d‘l = o = 4 d' o ;73 Q’
wuugnnduiudzifisnnaniign WaIRINRARTININARTG teFasiufiaunugnnis
F 74 Qv d’ | qy 1 o 0 % 3 =, a =
(Drum dryer) Usznavsiragnndaiaen ragnnasy dninfeamanilaanaiin falaunialy
naavlfifuaautauaindaulu doa'lats wialwia quunluasdagnnasazlszunm
120-170 avAaldag arnsauazinliiilafananilud amaiuiivazindauRagnnaa
dhuiduunegniaaeningluila %\m:z(uﬁaﬁuﬁamﬂqqnnaaﬂmmﬁqmu'an"auﬁgnnaq
ar :/’ 9 Ad (% [~ ' o o d'd '
ENYUATLITAY naAniuamnswiiansusiiuukiuug azgminlius tadefitinase
}
Auinmasaiilawiiaanilud Wiun dasnismpuuazsrazinesgnnas (Powell, 1967)
o’ [ =3 o’ r-Jd v dl o 1 74 Qy L 74 oY 1 ¥ 1 o -:' ]
paataNARA TN AT et Lmuqnnm'lummumeummq'] 15un el Fauein
a oo el o 3 & y ‘a o '
HansTuTi lignuaaanstyie naniiana giluite nazifanaliiunsaida Wn lane Tsiiu

PNUN

'
o

< . . @ P 74
NI¥UIUNITENGngdu (Extrusion processing) lunseuaunasfisinisls
Y, < & - - -
AINTAU NTUIA N171RBU UaEN13Tus iATevlandngine s (Extruder) #1390
L 4
Winowauldtia 200 asptaiFes nnelfiauduuazldisseandu edadunssuaunis
niqunyfiqaiaandu (High temperature short time) n1snAnuilantaariludéosn
wravandngiaef illunszuounisfinaunauiussinaranauazusidan lusening
nssdnaniTnaRadlud lnanmsulasunlasesdnnfhariaendngmesasiuan
0” [ %4 < a ) d; :i' ar = . d' g [ 8 4“ ¥
wasinsguaamitlussuitinisedeniivasinnaunglidsaiendngines Wedig
tnaitlun@audadnfaazgniludn lidagnsaniuGunanuuazgrydalasasia
< 2 . J’ = [ A. dv o ' L4 2 [
AAITIUNEN  qaiiazliANAANTY nawUunaazunsnszareinliluianateanni
uanaan uazlunszuaunisasiiusBauioutunslaadawiniamfafiansaanilud
(Gelatinization) an1aelflunazusunsiandngdu azinlifaanu@emeaiuidagand
[ t 4 U 4
baBnaduans1eiu dawaliinaaanansnlunisgaduineainanfifiadumuanioy
A unszuaunsilin@n (Mariott, et al., 2013)
3.2 \a R i (Gelatinization) Ta9uile
= o‘/ 4 a dy 44' 0” v v o E 4

ward adusesdluisiudleiruilaldfuacaseu Ty wananaglu

wiauilazifiansulaauulas wusslalaseululianaasgninans argveseziulas
a o o L < 0” 74 dv = o’ . < t 1

uazazlnlamniu asesiaaninligatuiliuiniu fanswead (Swelling) saaisiauls

iedauihfiniswesiatnaiuiasin gy dodnynliibaaud Taeniednsuy
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nsdnFaviraslanameluinaniaataisziloy dqqqmuquwuﬂqummﬂm uae

ue

=

VGRLLEY Lﬁ'ﬂnﬁqumuquum Gelatinization temperature M3itaszimsRaratd luirdy
raadiauihannmlfirtesdieunnmmmssenlivansin

Lﬂ?l‘ﬂx'l Differential Scanning Calorimeter (DSC) Lﬂum“}mﬁwﬁmuﬁq
ﬁﬁﬂulﬁﬁLﬂm"ﬁmﬂhmmuqﬁmﬂﬁmmﬂfamﬁ‘lum‘fummu’fh HARINNNTIATIEAE
TR DSC m‘lmmﬂmuquL?ummms‘wmm'lulmu (Onset temperature, To) qmuqu
waqummﬁmﬂumm mmm‘lwnqqqa (Peak temperature, Tp) qmuqmgmmﬂmms‘n
tan17iaai lud (Conclusion temperature, Tc) lumiagasAga@ea LazATNRI91Y
ieunatlrasmsiaanilud (Enthalpy, AH) Luﬂ'l.um'lm'aunumLLﬂq‘lmus.,muuumum‘lu
mmuﬂqqmumuauwmm mLnmn'mﬂaﬂuuﬂawmm'}wummmuﬂmtmmmm
'qnmquwLmtﬂaﬂuuﬂmmmuummm'm Pasting temperature A wuilnazfinduauia
Aunilngedn (Peak viscosity) Antiuanaananideasiiauiuntlusiaseiin 32nmada
Amilagansain i ne 1iAIee3iA s s iR A LLL 98 5 (Rapid Visco Analyzer,
RVA) iThuedasiedmiuinaauvilnansilinanasan aflmml.ﬂ?:'ﬂuuﬂmqquﬁmm
e lussndnanisiinmel WueiasiieidinmsilietauiuiuazsanBosmaga
ATIAsaLANHMENTulAsuulasAuviln (Pasting curve) 16 luszszinandu Weaating
lunsdiarsiBunadiee iasaaniinalnnisdiiunnbeuiia Ewsd dsen
wamflana Tuzaenudty, 2546)

3.3 AuantRreuilwiian@lud

uilwisiaandludannsnazatsuas n:rvmﬂm‘lm‘luml.ﬂumﬂwamqum
Lidadluaasnnsogaduialiuanndutiiy Wiluansdanslugmslsennils
Lﬁfﬂﬁqa’fnmﬂfnuﬁu%ruuazﬁuﬂtﬂuuﬁmﬁm% '1°”n’luwﬁmﬁm‘ﬁ°numﬁnLﬁﬂﬂqzﬂums@,mﬁuﬁ"’]
uazifuWesen AL

Curic, et al. (2007a) Anwraniazi mmzau’lun')ﬂ’ﬁm?:mmn*ﬁwgmm‘

= -\

unsudndirawauanequ (Commeal) Lﬁ"ﬂﬁﬂﬂlﬁLﬂuffmqmuluuamﬁm% LNES 111N
noaslatwlsdugumgiveiiasdl 111-159 asaaaifg BunuaraiulugaFenay
12.10-24.77 uaz Screw speed 160-460 38UAAUNT MN1THATIZTAIAINTY Expansion
Index (El), Water Absorption Index (WAI) 9849 cornmeal uarArpIuninaauilaana

uazuilegnannay Commeal ANNRANIINARBINUIIA N1z IMNzaNR 1 lun1su R
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=i =

Ad ey =4 d' J’ L 74 = dl

Cornmeal NUAMUANUANINANNIENINAR AzlipnuTuiesas 21.21; quuglaaaiaATes
Wil 145 avAgaidaa uaz Screw speed Wiy 263.5 sausauaf n15idiy Commeal
] ] L k4
frwATasendnginefazdaaiinnsgadutiuazarnii TnAuarursalunisgads
Aziniulagungiifiugedu uazacuaimnsalunisgaduitasiiaoudniugiv

P dl < « d' ] 2 0” e« O L o
Araviiaiiasandagaiandeme lussuinanssuaunisazgadaituaznasion 1fiin

A a' d" a' o 0” ' ° o
AMHNUAINNTIRLA Az TR NA N INNTa TUNsA U Tus e N TRa N tasninTa

» . R
Tailupmuaniang lunmsaanaunle

U1l _
- [ a’ - o’ Al J’
1t (Bread) uanmavanasaing lsluazilanuilaniudsenuinuni
Tulszndlng Inaiidounanvan fe wiland wazi Waniiularduaniuinasinfaia
nfianwuztavey luazudnanisinis Sadazuldauimnaliiluinaan fusulneanlsd
L4 ¥ d' o o o ° ¥ [ 1 o as (3 ° £
ngiuaziutiai lunsiniiufing doain liinadulaseinseesa@dnioed wasin el

1By msna

w oo

1. Angaulumsevinaunil

o

ANTUT UANINE Uazasaued 1UaAna (2541) TEnanntedmaauildlunisa

9 9
= or 's [ d‘l
WNARN TN AT

= °

1.4 uihara uihaaminauiladudliillsiuge Geass 12-14) wleas

J 1 & oy H
d1v9ura Hacwndubifiutenss 14 faunsagatuniilfi Geuas 60-65) niinfiaeq

]
o <4 1

v/ = ) . o <| 1 = e = < =
uthandlugunily Aadlulardistesndnioet Waniunimuanasiimiugranien 1
< [ ¢ = ' y | L dl _a ' s ¥ o v 1
Bandulil Gundn nquau Sanguandusadufinsifinszudnaniminls drliiladuy
A o o 3 ° gy a '
e leunguavazaenesmszgnactauin iialass e

1.2 11 dluasilsznaundniddny uniminsuni Suasednruzaasds
Tagmse nszihavimiimuldasuanmaestlsiulunihbidugamy dasazansinde
o’l dl tdl e v t ol' =2 ~ ]
Wma uazdounanau 1 iazaneliliinssansethainta doamuquanmnfizasiauasdat
AANAMNMLATETR

=«

1.3 Had iWiqduvitdidaunadn dadazinliiBanismin wasuiinnali
< (1.4 [ ¥ ¢ o J al i = o g i o :/‘
{hifingafueulaeentas inliaunilduy WinAusaiifiaaanmin Sasfilivnauaii
Baranuazdaduic uwinflanldunn Ae BaduirlinnedrGagfsamnsonansandutle

avuin Wigaunroaananlunisuau
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1.4 Jﬂma Winauman Windusa daslidunndniost uaslfiluanuis
wsilaflurwinanszioumewin thaneiiidtiensiin Bud thamanmenng dhmanmaun
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Tnaidmiilupa Storage modulus (G'), Loss modulus (G") uae Loss tangent (tan 8) (U13a0
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frAten (Strain) ssdv¥anay 0.1 axinlfiAn Storage modulus (G') 189A8tNanAY

4 ) 4” ¢ﬂl ‘al o = @) v Yy o : t %
WATAT G azanaauindu aiuszalaAuessailuiasay 1 uanaifiudnlaredsg
raslnaunihesgninaefiassduanantaniuganniu

<4 ' o .
5. maulaauulssszuiansiiuinmn (Staling)
= dl 1 @ o o - [ ¥ a
nunthiinzulasuwlasluszndnnnfuinginlinsaaniuresiistng
ana Taeifiansgydanmunmmnieszamduda u goydanausa vila nenignan

] J 4” =| b 73 ] = =
gudsanaaiianunt Wankaziauui uazdoy TnenlnFauniasiigounin
eidell o AJ ° o 4‘ (3 ¥ <
nangavavaniuiaanatninnavlsuam 2-3 falusuasiilafuauniclB3acifia

) “ 1 °II JI
msulaeunlasaasnlfanauuia (Crust) Tnadanswdaufitaraaitanitagesrunti

(Crumb) lfaul@anuan (Czuchajowska and Pomeranz, 1989; Ribotta and Le Bail, 2007)



W'/ARU 0 L LW
LT 16815

munnam,m
&
vinlfulAanuanfinuazmilendy 'Nn'mﬂaﬂuuﬁmutnmmumuq‘lﬂnun’n‘?:mmumnaum

4
ﬂﬂnzjmﬂu'ﬂnnﬂuﬂuuﬁq (Eliasson and Larson, 1993) n’mﬂaﬂuuﬂawmmmuuﬂq
. a d" a = oy = o
(Crumb staling) anainavINNsgy Besudunasiinamlfiamiaai iy finnnsiusn
. e & . o &
(Retrogradation) 1994m15% (HaaunilNasldneousi wiaznIHinetiy (He and Hoseney,
ar 9/ L= ] 4 |
1991) Tudasusnaasmaifuineinisaudaasiinaneslulag Wavannlaraiwifluans
hd L 74 o “ [v4 1 = dy v ! =3 d' [-3 ar
m‘qqzm'lun'mummﬂwuﬁ:‘la'l'mmuszmwfuLaqammmu’lmﬂmqmmm Wamnuinm

[ 4" “ e o - o %4 = o J
Lﬂu‘l‘zﬂzl’)ﬂ’]uﬁu‘ﬂu’izLﬂﬂﬂ’]ﬁ‘ﬂUﬂ’Jﬂﬂ‘ll’ﬂQﬁ"lﬂT‘ﬁ’ﬂ:1NTﬁ tWARU wﬂmuuﬁmanwmuuﬂ

or 4 < &
Auianudaaiu

TsAusingLau

nquin ifudaulsznavaaslisiiuiingludhand $noled uaziinmnfing Seileald
{ludaulsznantasndniusiauney nquaudn Lﬂumm?ﬁﬁﬂqﬁuﬁ (Food allergen)
'l.uﬂ%uumqmmwwﬂ"lmﬂuwmmgﬂfmmLﬂu’i‘m \Wa9aINN7UTing AU (Celiac disease)

<

ifuduauuniu Tmﬂmmmwnqmuwmnummﬂuuu qﬂoﬂmﬂu‘i?ﬂm"umuun
fianas e fiasnu tanties fieedn iaawmns aduld 211aay Junavwaaluln
Uaendszamaniau nazmaadaulvanhislszauiu Tafinanq iNan1zdiyAsen ufiedne
] 1 4 b 4
nezgnngu Uamnszgnuaziiesia i AuABamis faran wusae antsfangeeaiinguly
3 = = A A A > o - o Wy o a
fheftaninfeniefiaduunieniunaigenis srvgiieeanan ldidndauumda
n1sanLaL (Mendoza, 2005; Wieser and Koehler, 2008)
ar Ad' < 29 o v =t t:l. . dl © E 73

mainmlsaidinannisuiingiaudaunsoinldiagniswanidesemisfiananali
b= t 24 dy o ey o o d! t - ey o v o '
nAnTun uananimsatiadulsadeanlszauifiasainaudaulug) asitadadaadaieedn
wharusiinaininana lauiinguuilanmgainitesniaatagifiumues inlidn
AAnLUNAYaEn 1S szuuntsgaduemeaziinung i liliaunsntihansaimn sl
UsTandll avmmiRasnmsuiidiain hlsarfiv (Prolamins) Fadlululsinaiianih wuly
} 74 o ¥ o i I's a ey N < } ¢
Hiand $ralsd uaviinaunfiad quani@aes Prolamins Aasunsnazang ¥ luaniuea
Fataz 40-70 Tlsarfiuluinnandasiidadanianizdn nansiy (Gliadins) (Gallagher,
2004; Mendoza, 2005) ftefinlsznuamanfingunudinhl ssuugiAuiasainansiun
slasuivahiviranadouiliigainatsa sl léidn i emegaiuansamding
nazuanan |l (Pruessner, 1998) amsiilsAainnguan Tdaaslingumuiiiu 20 ppm

(Gallagher, 2004)



26

sunilulsAannngiau

sunilalmdanngiau uauntled lifnarliullsanaludaunasy uialiull
anstyaeiingunaun iy wediedi whiinatna wlafume visagaFaiud1Llevad
dubiu Tagufleiinafrazifuudliifinaith unn sl adadusdnfusamas
Unasnnguinniniign asmnutlindLifd bifndu uassand s linelidn
nnmﬁmm‘l‘rﬁmuLﬁ'ﬂﬁﬂ‘lﬂuﬁmLﬂuuamﬁmvﬁluuﬂqﬂmﬂmnnqmu Nl AW
A Sanuauzsng adia weendufilivimala vﬁii‘ﬂﬁmmnmmnqmu aflutssiu
'7‘;:‘1doud'm'lunmﬁﬂimaéﬁwmN‘ﬁmﬁ:wﬁ nsiivlalnsnreaaasdvizalisfuadlianansa
datinliunlpannunmaassdaiae A iuue sl fnsas Ind Aestusdatasianudand
Taqiiufinendnsunifalmaainngaunianiséa Inalidngaunadaeila Mariot, et al.
(2013) innswanrunleanuilaiain taelduiliiain 2 98in fia Dehulled buckwheat
flour (DBF) uag Puffed buckwheat flour (PBF) uarAnmnaseanisld HPMC !ﬂ"ﬂﬂm.ﬂ’\w
reaunil Anniavaassud lunsinaunilsansnsodsutliman lugaslfuntssesas
40 n1514 HPMC azdasannisunsvasii LL@Zﬂﬂn"l’a‘EjfyLaﬂﬁ"’l‘ﬂ'ﬂ\ilﬁy’ﬂ‘ﬂuuﬂﬁ nasnuily
ﬁﬂﬁmzﬂﬂqaﬂs”uﬂ;wiaﬁnmuzti{@ﬁuﬁaLmzqmmmqtmmmfmﬂwuuﬁqﬂﬁﬂmnn@,mu

Nishita and Bean (1979) lfi#dnuam antiinauafintanwsesuiledinaa
ﬁiqqﬁuiﬁﬁmﬁiﬂqmn’mmﬂwuuﬂqﬁuammnLtﬂqﬁmﬁ'] nudaird R
'az’luiaaﬁimazﬁqmmﬁLLﬂqzﬁn (Gelatinization temperature) fin Aie Hazluladfingnda
%aaz 20 uazguunnRniafinadludionds 65 esdgaden Warhuinanmalagli-
WAm T iladbiciana

NMYNIA 9394077 (2541) Ananasliuilelinadaniamsinneanauaiiuas

] t
o

@ v ¥ v = = Y | o 24 Q" = o } 4 [y
HNap LL'].]\!‘II’]’JL’Q’]Wﬁ‘L’iﬂ’]ﬂ‘lWﬁﬂ’Jﬂlﬂﬁ‘ﬂ\iWﬂm\‘iI,I.‘U‘LIQﬂﬂ@\i L‘LE‘EI‘]J Waununisldiendnsd

9

=i

fazdunraiduraaih 3 syau iaunuiiinainedalunmerdnmanluasiddallsiy
iafingun el Taelilsiudamiesainionfillsiuling @ naaeamiil
Fradadnoutle whaanilud wianduudsBunanirlugasmmia wodhyitaanilud
ﬁ’lﬁmnm’?"mmnefwgmzf Fezaumuiusdiindtasas 14.5 Ltwuﬁuﬂﬁwﬁfl'luqm
%80z 20 Auisauaz 100 uaziin E4M Satas 2.0 wz‘lﬁi”un'lmﬂu?umnﬁqm QRGN

Tsiulununilaanuildinadawudanas i siudamdeainfesas 5 saurullsiy



27

andinain $eaas 10 wnunuildndadlusssufmunzan el Bunonindesas 110
dl v = d’l ] = <y [ TN} E % 1=t

nuahlfaciidia iy wilen nlfanuiiiou uazheusunlifiseaunn
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) n‘ o H - o’ !
1unile annrmaasanudr ininianuiledina iy HPMC asiinanuasafi 500 BU
unndrlafinisnuilanad uantsnaaaunidilaladuaqlngaeds Oscillation tests LS
Creep tests uaaaliuindnianniaanuiliniiin HPMC Rszdvbanas 1.5 uay 3.0 azi]
e ar A ° . N ] ° o

qmauummﬂuauumﬁmnu‘[mwmmnu’ﬂqm‘z’w‘u.azmmzaumammﬂﬂmmuuﬂqmnu’ﬂq
@ v
g4

Curic, et al. (2007b) Anmnsednsunilvsdanngauaindngau Ae Fatna
' L A o, 4 . . \ d -
uaveunazuildamassiidiuaTedlandngmad aannimmaaeanudrruntiiinas

[ = al' 1 -ﬂl a0 ' =t -a' 4” = = [ 2
MNIROALNEUATRENTZIRa Tzl FuaTRnTuwazl B allsiuninndt$esas 10
ﬁ' =l o o ] L= ¥ 74 o 4 el' = v
Wamaunusiaageauay Ae wikitauazaniiadinaine wazaunilaindnanidaaing
v -'/ = a’ dl 1 q oll d‘d - o/ o
uaneLLasLiNdamaee ansdau 75:25 Nelunszuounisiandngduiiinandiu fafu
H s o A
TZwliuinéanay 3 @:ﬁlﬁmmmnﬁqmu,azﬁmm’amummizmwﬁmazngqm AagauNia
UsAanngiau azndnandngaunilanfiulamenduesdlsznaunan lussnd e fifiuinm
-] ] a I o . 4 o = dy o dl”
AWIEAANITNANITAUAY (Retrogradation) N17AUAIA IR ATUA U Wle lueeuntl
ngaziintunelulindainsmudsanauauns (Kim and D’Appolonia, 1977) animgfin
o o« ¥ o a = nl/ s <4 dl ar
nN3AnGmlandiezaLliana asnsinsaivaase sl lamniuienisdeaniuase
A o = ] o/ .

auazlulaafeanuianuinaniie e dudnsoisuuunan (Crystalline) daualfiaunil

N A o = or , i i
Hpmauduilafiniu Anauiduued Demirkesen, et al. (2014) AN n1sdsuudlataes
aunllsAannguauinansaauilndanauduuileianga lusswsraniniusnm
1- 96 F9T19 WuTIAIAMNL T2 UN TR AR NTUAREATEHLIIAINIIFR LN LAAYEY
nestnansnduiinaniudiedlindsaniunisaaalasaadandnuaniy (Santos, et al.,

2008) AsdaaliiAaunialiraanisifarnainaadu (Retrogradation enthalpy) iaiiu



28

lalnsnannann

lalnrreanesdifluarnlsznaulszianindudnalad Maannadwailuiana

waansiany inliluanadsuaug uasliqusuiReauin (Hydrophilic) Wetinllazane
= ° 24 o 0” p 74 dlel ! = (5 v

wrainWinszanadalwharlfarsarananfiauniingeuaziiaiaa lalasneaasudieni

Hlugrainanavilauaziinpaouasiatuaimssing o ([@aen faunluw, 2545)

latnameanandannsaliduasfinusialugnsauali qaulszadiie 1 il
Aunaasrunil TnainisAnsnaslilalnsneasand du MMAaudaswn wiuuwnuiy
wadilnavmauuun avfuendwfiaragiag (Carboxymethyl cellulose; CMC) WA
lansandinsiawmiiaigagiag (Hydroxypropyl methycellulose; HPMC) Tunasil$uilga
ATUNINABI TN '

latasaeanasd afnliainita amia wazideqauitd WiluansWiasuneia
Wimauiiunila MnlMAaR S (Fim-forming) lwgnannssna1us (Sharma, 1981)
andfveslalnsneanand Alilugrammnssuammsuandly nse 7

L4 = o o« s d' 24 E 4 o 0"
Tunasinadainsiaunlalsaainngiau aswudalailiannisuaautlaiingy
1=l s 1 1 o v v 1 o o
azhiimandavgu lunisszudranismdninlnsaieaasfaulnlad aunsaifiufing
afuaulaeanlaminlinuuhnda liiannwiaandraunddiiianuilend desun
| % & - o - ° . ¢ '
TuU Wi wazide vanaaniu auifadsauasfiBunnsduwas (Specific volume) Arnd
wazilddandnauuilealuilianddiuasdlssnauman (Gujral, et al., 2004; Gallagher, et al.,
2003) lalnsAaasatsfanunsonun ¥lumsiulsnuninaesauiilmasnngls
lalnsnaaaasfitanld Thurd Arsnduuu wruunuin TaAasRtiuin fafn uazayWufaes
eraglas 9liun Methyicellulose (MC), CMC way HPMC lugiu’

Hydroxypropyl methycellulose (HPMC) ifluwadinainedaasizisanan
wauaanlas (Polysaccharide) agjlunguayiufaasitaglaa (Cellulose Derivatives)
fizninnlflugaamnssuamas HanwusmananimihsdaasviBanagiauil diald

& ) o Wy dl <y =i ] @ v
avluily azifianiswassalfiasazanenlavidaanaiidguidniian
HPMC firaidindiuanludasenas 1-10 asfiauiRlasaqungi Taefigumniian
' ad ' .
arianuzifluansazans waziflegungliingeluasulaauaniuzanarsazaaifluiag
nalnnalaguainarazanghldfluaafiaannsinl jisaniusesdauiliseuinly
~ Tuiana (numjunuiiiiu Methoxy) Tnefiguugiianasfineazansfinashidaljisen

seninagnanedines usiilaguuu)iitiugadu luanated



29

[ %

. k74

wadaiarFugydaluanatiaenlyl iliidalfiTaniussndnaiiou
4 ] o } 4 o o | ] [ o v IS J .
fhizauirdianimesniaiuiiulaseinitng sinlidanumilagedu (Ruel-Gariepy
& Leroux, 2004)

Lazaridou, et al. (2007) 1iAnmnavaslalasraanatiranuiuiiuainunila

A = [y

wazAgnun naassuNlalsdannguuinananuilhinaiiauas anfadinalng lalas

o‘AJ ) = < -
paanassn 1 lunisdne Turd waiu arfuandwiaaglag aznilsa Ansauun uas
wiinnguan Tnaiinadhilugaesas 1 usy 2 (ww) sasiwinuilindi annimases

J o ;2] < <4 ] ' v A [
wudnlalasnaaaatdinliladiaoudangu nudanis@azlannusanalés Tnafisyay
= o/ i A 1

madnlalasnaaassdfatas 2 unwunuinaslinanismasaciinfign sasasunldiud cMc
AR avnlsd uasiwfinguan INA"AL

McCarthy, et al. (2005) Anwnisuanaunilalsaainnguuiignsiiugiu
As uilvdinalfquazuileafuel5o%enas 50 ua e 50 AMNAIAY N1auNnGREaS 10
v k4 b 4
uniuiefenas 6 damianas 6 UAnaTanas 5 Lazinaesasas 2 (amiminuil) uaz
AnmamaniRsasaunillanld RSM Tnafinnsulsszan HPMC udadfesas 0.5-2.5 uay
Fuauinagay 70-95 a1nn1IMAaeanLdNIZa L HPMC waztinfimunzduaeienas 2.2

WAL 79 AINAAL

A5 7 gutnaaslalnsnaaasanlunaniumainig

Wi AABENNRARN TN
Adhesive Bakery glaze

Binding agent Sausages

Calorie control agent Dietetic foods
Crystallization inhibitor Ice cream, sugar syrups
Clarifying agent Beer, wine

Cloud agent Fruit juice

Coating agent Confectionery
Emulsifier Salad dressing
Encapsulating agent Powdered flavors

Film former Sausage casing, protective coatings




30

A3 7 (Aia)

2 ol o ' a o o
numn ATAENNRANTUN
Flocculating agent Wine

Foam stabilizer

Gelling agent

Molding

Protective colloid

Stabilizer

Suspending agent

Swelling agent

Tﬁickening

Water binding (prevents syneresis)

Whipping agent

Whipped topping, beer
Pudding, desserts, aspics
Gum drops, jelly candies
Flavor emulsifiers

Beer, mayonnaise
Chocolate milk
Processed meats

Jams, pie fillings, sauces
Cheese, frozen foods

Topping, icings

37 Sharma, 1981
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Luﬂﬂﬂqmlﬂ')"\']ﬂﬁll‘nuuquuzﬂ']ul?EN nYn 3 AMUAANTUY ﬂfllﬂﬂ‘ﬁullﬁ\l

AanriauasdassA iuifigadaameuwgAIneuy 2557

2.

3
4
5
6.
7
8
9

¥
S o

1.\84.57 a1

o <

¥ ¥ | 4 = 10” b = o %4 k4 =
uthinaRnaiia ity asdraweiausesls (ajudau oanids anrn)

o’

wihandiiavinaunth aemedane (5 ghudiananiad aada waw)

. U mealauiia s (Ui Wawiies TalawlauiivniW aais, Safueud)

. Barf Aruedida (U5 uesdatiar A1in, asnsasqulszaidn)

WIANA ATINATHA (LT WAaNATHA A910R)

\nae Aslgeaing 13 anvmuiya SR (unw)

v t ;7
. wiudawaes Asagu (W5 waiuiglne S7ia (uvnTw)

. lansendinsAainiaitaglag (Hydroxypropyl methylcellulose; HPMC) (L3t

as

f)

aunsanldlun1sian

1.

© N 2 ¢~ LN

witasiuinualil (HR2068, Philips, Thailand)
Lﬂ‘i"‘mﬁmﬁumuqnnﬁ? (JM-T, John-Millder)
'Lﬂ‘i'a‘mmniw,qtm'a‘ELLuuangﬁj (CTE-D25L32, Chareon Tut, Thailand)
fauALANRIUMAR (1375 FX, Shellab, USA)

Fauaxsau (KPO-700, Kitipoom equipment, Thailand)
ATUWNTITAUTUIA 100 LT

lﬂd‘al‘ﬂ\mﬂu (KSM150PSOB Artisan, Kitchen aid, USA)

c‘ld' 3 o = s
fgunsalau 1 i 19019 nszTeu 0a wasneavltazgRiiay

gunsainldlunmsinsziqmnimmand

1.
2.

IAaaRATzitTunoslasiu (E-812 SOX, Buchi, Switzerland)

rasalATeFunoilusiv (B-323, Buchi, Switzerland)
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3. wsevitanoiBunadels (Fibertec system M8, Tecator, Denmark)
A =3 L } 74

4. 1ATBNIATISULFNIULEAN (10-650-126, Fisher, United Kingdom)

5. gansdaszvildinnuuil (Total starch kit, Megazyme international Ireland,
Ireland)

6. AFavfumen (350R, MPW, Poland)

7. hAANgIUMGR (WNB 29, Memmert, Germany)

8. irasdanaiian 4 Arumiia (BSA 3202S-CW, Sartorius, Germany)

9. anmm’mﬁyu (Desiccator)

10. irasufiauazgunsolau q 1iu waaanaaes finnes wmadsuuns 1ngu

' . <
TUY NTCUBNAIN moisture can WRZAU I

asLAinldAAszimaa

1. AzazAdaaniauuuidia (K2S04: CuSO4.5H20 (9:1)), RCI Labscan,
Thailand
naadaWdin (Sulfuric Acid, H2504), RCI Labscan, Thailand
nIALEIN (Boric acid, H3BO3), RCI Labscan, Thailand
lalnsaasin (Hydrochloric acid, HCI), RCI Labscan, Thailand
Tnranlaasanlas (Sodium Hydroxide, NaOH), RCI Labscan, Thailand

tinsiaen@wmas (Petroleum Ether), RCI Labscan, Thailand

NS o~ 0N

Tnunadenlansanlas (Potassium Hydroxide, KOH), RCI Labscan, Thaitand

qﬂnsrﬁﬁ’l‘i’lumﬁmﬂxﬁqmmwvmmﬂmw

1. \A389TAd (EZ 45008, Hunter Lab, USA)

2. wiaeimiileduia (QTS 25, Brookfield, England) Ta et ldWadauuuna
TA 11/1000 mnmdusiuguinas 25.4 Tadins (Brookfield, USA)

3. Lﬂ'?‘m?) IziAUnilanuusaaLia (Rapid Visco Analyzer, RVA) (4500,
Perten Instruments, Australia)

4, Lﬂd‘a':ﬂ ¥ Differential Scanning Calorimeter (DSC) (DSC 1 Star System, Mettler
Toledo, Finland)
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5. 1AT849 Rheometer (Bohlin Gemini 200 HR Nano, Malvern Instruments, United
Kingdom) Miviadauuiul parallel plates sunmdiusinuguenans 25 Dadwns
6. Polarized light microscope (MX4300H, Meiji, Japan)

7. 1Asavinaailunsasng (FiveEasy Plus, Mettler Toledo, Switzerland)

LAsanlsataNanIAdA

1. Lﬂ'?‘a:mﬂﬂuﬁmm'a%ouuﬂﬂa |

2. TdsunsudniFagu SPSS for windows version 17.0 (SPSS Inc., Chicago,
Illinois, USA)

3. Tsunsudagyl Design expert version DX7 trial (Stat-Ease, Inc.)

o o

< P a o
TUABULALIBANTUIIUIEY
= o JG = b7 = = 6 olz =
Rsaiilunas@nwnisnaauilawiwaniludaindaden vazAnwianias
| o Y .’: =\ o/ .54 J
anmnzanlunmati U Wlunssdnuilalseannnguau Inefidunaunisdadil
] 4 a ' o & - v & o ~ al o
AauN 1 ngAsaNmAlIat1aniaaudganazuilnndgawiaatilud waz
AnwasAdsznaunaail ngmw
= ar ] v ol/ =
1. pswsaNsatinauiloa@an
8 Jur "\ a v o o Y ad | & o o &
widauneanwilan@an aredsnsiidlan (naw 1) Tnadida@aoudluin
& T4 P ° G o o & v v & o
£a1m19a1 8 TaTug ivausnilaanean vwaadanuanuldaan wdalduatirlusnsadau
v 4 v A P e o Y Y a
1:1 udouanianan Inaldiatesuyuinieg anduinaznauuilllauuinquugd
D . & »
50 aNATAITA UU 24 FaTuariFaaundiasianuduandesas 14 aaniuunlliaziaes
udninluseurinunzunsaauna 100 we Wiufaetad g @anmu (NMF) T1g2 Polypropylene
(PP) thuiklhiufigumgii 4-5 ssdnga@aanauiinimasasdusely
2. sawdsihda@enlnedinwiwaniluduazAnmiaedlsenauniamil nnanaw
asuiwinanfludandaden dnilda@aaursnudstaesiwiaatilud (neisaag
Soison, et al. (2014)
2.1 anwlsudhinaAsasinulisuntgnnia
or 1 D.’ ! (-1 -] 0” A o
wirauAaetuiiidBunaesudGanas 10 il iEunautia
} 74 -ﬂ' o 9 A" [ ar ] ) A” :: [ oY “a
ArtATaIWLLLgNNAA TnendFuszasvnesendnagnnaivaaaily 0.05 Tadiuns

AMNISITALINGNNG 5 sausauil ulsgumgRARoutingnnaa 3 susufe 100, 120 was
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140 e IaiEaa (DMF 100, DMF 120 kas DMF 140) aamiuthusului Wt iaanilud
.l' | ‘ﬂ' v o Y v 4‘ o k73 A" } 73 4‘ = ]
mnmmﬂfm‘lmmnwmmmﬂmemu.muuuqnnm‘lﬂummaLﬂ?muma:mﬂm uasiau
HURZUNTIINA 100 T ustqldgs PP inlUfuTigaungil 45 asrngadaa (nw 2)
=] or ] v .‘r =t - ey ar J’
mawirausaatwuihi@iaafiu $3ansal

1
-3 or

ARt

!

utiraranm (8 dala) uiquanulaanaan

}

uanu ludmsdau 1:1

}

wenireaningliATamaumie

!

DLW (50 avALTaied 1w 24 aTu)

!

'LlﬂLLﬂ:ﬁT'ﬂuLl:ﬂQBj’lulﬂml.ﬂ‘a\ﬁ]u'm 100 tug

!

Whaadaamu (NMF)

0y

= =y

ussqld PP iiugaumnil 4-5 asdiraidea

AN 1 mMaesauuilanadgafiu
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« 1 o Q“ -~ J
masaulsuikiaeaiasinuaunignnis fnssuaunisdei

’
o

;74
wwihaadien WBunaesudGanas 10)
[} d‘ o 1’/ Q”
HATaMLILILIgNNGRY
- ISHIIIMINGNNANYIREANY 0.05 Nadluns
v
- ANNIFITRLYENGNNAS 5 TavsiaunT
Ad‘ﬂ ;73 Q” o’
- uﬂs'qmnquwmv_imqnnm 3 7up

(100, 120 uaz 140 a9 Ltadeas)
unuaziauuiluazunsaun 100 e
uila DMF100, DMF120 uaz DMF140
us3q1dq PP (ufigoangi 45 aemuaideg
DN 2 nezuqunqsﬁ'ﬂuﬂsuﬂﬁmﬂm?'aw‘i'mﬁmuugnnﬁta

2.2 ﬁmLLﬂm’i’JqﬁfJﬂm‘?‘;mmniwgmm‘ Wiange

m::mumm“mLLﬂ?LL’l’JquﬂﬁmLﬂ?;mmn“iwgmﬁﬁm?ﬁmtﬂ?ﬁamw 3
Tasguuunisdniiesang (10719 8 uaznm 3) Hhaws@nsiosilainaad (Non expanded
product) NﬁqummmLﬂ?'mLﬂn'fw?m'a‘?@vuﬂqm?muquﬂmuqmo’i 7424 49471 1, 2 uax
3 azAruANgum)RTAT 30, 40 uaz 80 2T FaanNaAL uazArANgIMgTiae
Uisadaail 47 ‘lqwﬂmmummnuﬂ@w 90 avALTAEd Aauanalun1I1e 9 susedy
ﬂ'z'm’ilrummqmqmumﬂlumwa (Feed moisture) 3 sxeiv liiun $auay 46, 70 uaz 94
nuau Yaudaetauilaiandne (Feed rate) 10 Alansusiadalig ANITITRLIANG
(Screw speed) 200 saufaUT uaslduiinulau (Die) mqnauwmmmLaumuquﬂnmq
Paantitudau (Dle diameter) 10 HaALNAT
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Screw element type

MUY (%"u)

CB 37.5/37.5R (1) 7
CB 25/25R (2) 4
CB 12.5/37.5R (3) 1
KB 37.5/5/90 deg N (5) 1
CB25/25R(2) 1
KB 37.5/5/45deg N (4) 1
BL 15/2 (7) 1
CB 25/25R (2) 1
CB 37.5/37.5R (1) 3
CB 25/25 R (2) 1
CB 12.5/37.5 R (3) 1
KB 37.5/5/45deg N (4) 1
CB 12.5/37.5R (3) 1
P19 9 NSAUNDRUBILNTR
IRIER - AN (agAtaLIed)
1 30
2 40
3 80
4 90
5 90
6 90
7 90
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UNIA 1 ; UINSR 2 'Ll'\l'iﬂ3§ UNGA 4 E s[5 ; UNSA 6 ; UNsa 7 ;
811115111222§235§2472§1112:t343§
C W77 7 7 7 7 AR AR 27 27 27 27 A

b - ¥

Feed material Feed liquid Vant/Vacuum port

a3 slununsaniEeeans

aniheandneiuil endnging) Tlauuieigumgil 50 asdntades
© o . 4" e J o o o
w24 daluevizaauuiluiia uasiianudiuganinaindnsesas 13 Ineniwindlan vzl
1 4 4 -l ! [} o ] v =l a a
UARYEIATINLARLIREA WAZTARAUAZILNTIIUIA 100 I UssqatnuilmFiaatslud
anndadaailaanniazadandngines %9 3 faatne (EMF46, EMF70 uaz EMF94) ldgq PP
i lifuigouugil 4-5 asAnaaidea (nw 4)

o | .y q L cr
nazurunsanulsuihinadasesasiandngined {3sn1sael

Wildaiden
!
chul,ﬂ"'aimmnsiwgl.mﬂ%
- AYNEaTaLANg 200 Tausiaui
- pnuFareuilausandnautlidinesna 10 Alanfusedati
- mmﬂLﬁudﬂuquﬁnmwmuﬁmﬂau 10 HadwAs
- Ltﬂ?ﬂé’mzﬁuﬂfmuﬁvum'am“mqﬁumﬂ'lumLia (Feed moisture)
3 7¢AL Aa SataY 46, 70 UAY 94
}

auuNgMYI 50 asATaidag u 24 daluq

ar <
N4 ﬂ‘iﬁﬂ')uﬂ'l‘iﬂﬂltﬂ‘illﬂx‘ltﬂﬂf;{']ﬂLﬂ?ﬂ\itﬂﬂ‘fiﬂglﬂﬂ‘:‘
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vnauazFaulitiuazNIaIUIA 100 WY

!

uile EMF46, EMF70 uay EMF94
us3qldne PP iiuflgaumni 4-5 avrnaden
2N 4 (Aa)

3. Anmantiiniaad moamsesihdadeoiu wildadaanhaailug uaz
wilsdinaidmnanasin
3.1 moammmauﬁﬁmmﬁ

311 AwmsiniBunaesdlsznaumiand 1Eud aonadu Tlsiu Tt
ilele 1 (AOAC, 2000)

312 Wuanuilafanuaineda Amyloglucosidase amylase method
(Total starch kit, Megazyme international Ireland, Ireland)

313 Usuanazlulaalnads Amperometric titration with potassium
iodate solution AALlLaIaTN Takeda, et al. (1987) uax Gibson, et al. (1997)

3.2 praaeuAnaNAnInanan 1Hun

3:2.1 1As1 oA saaiaatinedanAtaq Hunter Lab (EZ 45008, Hunter
Lab, USA) lilsunsy Universal Auasesidn LY, a*, b*

323 diinrazaneituazaaiinisgaduiir Water Absorption Index:
WAI and Water Solubility Index; WSI) ANNATIDY Anderson, et al. (1969)

3.24 N18IN1TNBNAINATNITALATE (Swelling power and Solubility)
A1NABN57189 Schoch (1964)

325 auautiAnteasneulasldiAies DSC (Model DSC 1. Star
System, Mettler Toledo, Switzerland) A1:AE184 Li, et al. (2011)

326 AuaNtiAiIuAamiin lnaldieias RVA (Model 4500, Perten
Instruments Australia Pty Ltd. s., Australia) R385 015124 Newport Scientific Method 1
(1997)
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3.27 mndaananaaslisiu (Protein denaturation) Tnedd Nitrogen
Solubility Index (NSI) A1M31184 Shaheen, et al. (2012)

328 mwilareniudlyiaadludandaden fauladaan Kim,
etal. (2012) ﬁ’lﬂl.ﬂ"'a:m Rheometer (Bohlin Gemini 200 HR Nano, Malvern Instruments,
United Kingdom)

329 manlAmunladlangiehBvaaud seasiaule foautas Polarized
light microscope (MX4300H, Meiji, Japan) _

paudl 2 AnsnBunauilwdieadludantadsfimanzandeguania
redlnuazpaimnaasuniiaialinfnruaialnannnguaugasnasgu

1. AnwBunutliaaniludaindad@an uasinnisdadanssdunisun
fmnzay anniswneilidlieana luinaunudliiinadnlulBunnsatas 5, 10 uag 15
angasrunil fr1e 10 Tneduneunsuaniunm 5 ARIABNEATHIATIIUANALANLIR
NIAN NENN uazAusNiRvedln sdnuuntangasnasgy uazflaunlfinanann

wikanauazuileiinadnilusnatinaaounu

M99 10 daundarataunilalsAainngiau

) I o w Wy
ANUNRN sa84az (199 nunuilananun)
wildinadn 100
AN 10
fiasudia 3
UIANR 5
\NAa 1

0" o
UL UNT 2

1 90




40

o’: a o o J
Tnadunaunsu@eruntia Baal

°y < °y ¥ & o
avantnmanazinag i Widiniu

!

saudrunanwidinsaeny 4 ulnsunuiaadniunas

!

wdanidhninaslyl nanfasainEaseay 3 Wunan 5 uai

!

.0 A ¥ o 1] e‘ =
Wdaunanldoneuilainiweeald wadainliiug 40 asdngadss haaan 20 i

!

4 -
auluNIig 180-200 v Ltaliad W 25 uh

!

AN L
AN 5 TURAUANTHARUNLTY

2. Anmanunmasssuniilmasinngia Tnedirsed
21 tlmdnauni
2.2 nmsneihlagWnsunmfidanudac (NATFIUARIMNTTH, 2524)
23 Anmeiiledudasacilarunile #auladds ann Hera, et al. (2013)
" Aareilagnis i isesdaitia ducia (QTS 25, Brookfield, England) ld#adauuung auim
Wueiniguingne 25.4 Hadwng Faedsn1siauL Texture Profile Analysis (TPA)
2.4 ?JLm'\:ﬁﬁmﬂ«i{muuﬂquazLﬂﬁ'ﬂnuﬂn HaellAvaq Hunter Lab (EZ 45008,
Hunter Lab, USA) 14lusunsy Universal 31asnevian L, a* b*
25 AnwrquautiRdinElaladuecln (Dough rheology) Anuilasdgann
Sciarini, et al. (2012) # 2 & Lﬂd‘g"ﬂ 4 Rheometer (Bohlin Gemini 200 HR Nano, Malvern
Instruments, United Kingdom) #11 Viscoelastic linear range I.‘Wl'awl‘ﬂfm Viscoelastic linear
range Taainanum Strain sweep 41N 0.1-100%, Constant frequency 1 Hz Ltazqmvlqﬁ 25

ANATALTEA
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11 Frequency sweeps test 1A ine 14 Strain 199 Viscoelastic linear range
@lAandinediv Inaimuassasinrendraiadn 2000 Tuiaswins 4a9aanud 0.1-10 Esad
WAZANIATEA (Strain) 0.05%

< s P> -
aauf 3 Anml3urainuas HPMC Mmunzanililunanaunilalsidann

ngLAY
2 day o
Anwuatanfinuiinaz HPMC liEnTugarrunlalmAnnguaunnegiu

eﬁ e aj e; o v =l [=Y dl' o | 74
NARLABNNIRINNITVNIARDIADUN 2 (VlﬂﬂLﬂ’ﬂﬂ’ﬂ'mlLﬂ\lW?Lﬂa’]ﬂ‘lui’i'mLﬂi‘ﬂ\'m’ll.l.ﬂ\il.l.‘ij‘l_l

qnnavq Lmzuﬂqu’ﬂqw"émmﬁ'luimnLﬂ"%mmnfwgmﬂ%ﬂﬂ'\m: 1 fratin AReuTRmNIzax
m'ﬂmwamuuﬂ'qﬂﬂﬂmnnqLmumnﬁqm) Taaaz 1% Response Surface Methodology
(RSM) 279UHUN1IMARBIULI Central Composite Design (CCD) fauilsBaszazgnidinaia
Wingludaeszauga (1) UAZTEALIAN (1) TmﬂﬁLtﬂﬁﬁuqmﬁmfﬂwﬁoﬁﬂﬂaz 90-110 UazAN
HPMC Tutadbenas 0.5-1.5 weainninuileiania fafudnlsiigniinsia Taafmuali
f-‘i’]uquﬂ‘a‘gwmqmquﬁnmqm?wmamwhn"u 5azlfi 13 gan1Inaaas AR5 11 1Inng
yagavdn 3 A W1 datihammaaes udathAR iR nesie
mnsAnaunmaastunilmaannguniagiased

1. gl

2. Bunasrunthing M suniifonndam (ansgngasmnes, 2524)

3. Apsiiedudareilosunils dauladd a1n Hera, et al. (2013) fiaszyl
Thanis W isestaiiedua (QTS 25, Brookfield, England) 1ddadauuuna aunaidusinu
AuEnans 25.4 HadLes AoedtnisdnuLy Texture Profile Analysis (TPA)

4. Anmoiduaaiietunilanazuldenuan Aasiateq Hunter Lab (EZ 45008,

Hunter Lab, USA) 1¥Tusunsu Universal tasnevien L, a*, b*
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1919 11 MeEazidsarasaulsnldlunseanuuunisnaaas

Coded Levels®

danas -

1 HPMC
1 -1 -1
2 +1 -1
3 -1 +1
4 +1 +1
5 -1.414 0
6 +1.414 0
7 0 -1.414
8 0 +1.414
9 0 0
10 0 0
1 0 0
12 0 0
13 0 0

naneue): ° szausauls Gasaclagimninuik)
11:-1.414 = 85.86 ,—1=90,0 =10.0.00, +1=110.00, +1.414 = 114.14
HPMC: -1.414 = 0.29, -1 = 0.50, 0 =1.00, +1 = 1.50, +1.414 = 1.71

& - . o

nauil 4 Anrmsulasulasgumwluszuiamaiiusnenausiialsdain

ngLau
L)
A ) (-3 <3 o o’ i

Annsulasunlasguinanaasaunlssuinnisfiudlunat 3 3u (i o, 1
uaz 3) Tneinauinu aunillugananadngiia PP itlaniinaiin iiunguugRdias
el 3 34 uhsuisuiuusiianuilend susilaanuiinadaussauntiilsmdann

nquaLKARNgasnas§ U liEnaEN HPMC Taemsaaasy
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1. AauAvasanant (AOAC, 2000)

2. AUANTRENNANEEU WadAnsnsdamainsadussninaniafuinm
TneWiAtae DSC (Mode! DSC 1. Star System, Mettler Toledo, Switzerland) Antlas3iaag
Li, et al. (2011) uaz Leodn, et al. (2006)

3. Ammoiidladuiaveuileuul Anuladds ann Hera, et al. (2013) 31AT1eH
Tnansrtasiniladuda (QTS 25, Brookfield, England) Madnuuunsa aunaéiuniu
AUENAN 25.4 HaRIes fatiEn1sdanLy Texture Profile Analysis (TPA)

4. MINABUAIANITAINWNAWE THun

41 {1U uqﬁuw?ﬁﬁ%uum ATNATI09 Bacteriological analytical manual
* Online, 2001 ._Chapter 3, Aerobic plate count. USFDA.

4.2 A uuiiafuass A8 Bacteriological Analytical Manual Online,
2001. Chapter 18, Yeasts, Molds and Mycotoxins. USFDA.

Aaufl 5 MSIATIZARANIEDA

AnsBunaudhwiiaaiiludanda@ae fuanzaslunsednmniiomdean
nquugasuiazgL drifiuganiuuansiesesdads faatlsunsud1§agl spss
version 17.0 (SPSS Inc., Chicago, lllinois, USA) Gta1ziiAuuils1ls91 (ANOVA) 219ueiu
UHUNTIINAABIMLUGNARBA (CRD) NARBLAHNWANGNIENINNAIBH19K83E Duncan's
Multiple Test Rszsitniadndny 0.05

AnmnateaRnoniua HPMC Manlugmanunilalsdanngauninsgin
Tneld RSM 219unun1snaaasuuy CCD Inellsunsudni3ag1l Design expert version
DX7 trial (Stat-Ease, Inc.)
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anmsAnsnsuanulihaaiiludanda@ealasdidteiufisuuugnnae
(Drum dryer) uamn"&lmmn‘iﬂgmm‘(Extruder) AaguAraulefimunzanlun1nin U
lunrseanauniialaAannguan IneAnmszdumlwiaaniludaindadan tunoni
uazifinaslalnsaeasandfivenyanseniaan w’é'amquﬁnmqmmwwwuuﬂqmmmn

nguniluszudnniaiuinegm

=4 o ] & a 3/ »
pauy 1 nisAnsaflsznaumaail manwreswilinandsafiu wilednadanig
g [ < al A
MeA1 uazuwilaandgandianilug
& o o day oo & s o o 3 = P
want g 1d lunudsaiilunaadad@aaanguanlinuus1uEes wyi 3

AMIANENY BUNAYUUAY AandAUATATTA TaALINEATI9lRaUNGAANIEY 2557

'
@ =

Frataudndadasasgniiunguvgil 4 asdgaidea dawiaasibanduwidaden

1

<} =

Taeld3 sl idleon wldadeaiBuneyluladsasay 32,44 uaziBurauleianan
%araz 78.00 wlainadaiiiunney ilaatenay 2848  wasFunnulaianuawingy
Satay 78.67

N9 12 udaasdlssnaumaaizetuleiingdn uleda@aoiu wazwleda@an
yiwanAludanmssausiaaiAsasiudi u.uuzgnnﬁyqmzm‘%mmniwgmmf AMNNITANEN
wusnuledadnauiiaanuienas 541 Nlsfusanas 2.60 oy fely uasinbenas
0.35, 0.96 uaz 0.86 (Taeninninudia) mudndl wledinadmnansindaaidenas 9.78
Tusthibesas 4.34 latu Hely uasitivfasa 0.10, 0.14 uaz 0.78 AT wiidaFen
whaailudannisdaulsiinmaanadu Wsiu o egsswindtenas 4.58-6.4,

2.16-2.85 WAz 0.29-0.32 (Inenimwinuiia) ANasu
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A9 12 adAlgznaumataiiael wilaadsifunazuliaadgandiaailud
ar » A ° g =)
AnnisaaulsnlELATaiuLRILIUgNNALAsIATAlandngIAas
(Fagazlamiminum)

A28t AINAY Tlstiu Tnafu™
NMF 5.41+0.12° 2.60+0.02° 0.35+0.06
NRF 9.78+0.18° 4,350.16 0.100.03
DMF100 6.14+0.05" 2.70+0.07° 0.30:0.03
DMF120 . 4.87+0.11% 2.71+0.04™ 0.29+0.03
DMF140 ' 4.58+0.13° 2.85+0.04 0.3240.12
EMF46 5.05+0.21° 2.61+0.19° 0.310.05
EMF70 6.01+0.33" 2.43+0.05° 0.30+0.06
EMF94 5.44+0.31° 2.83+0.08™ 0.32+0.01

wanewg: fadnesuanaiuluiusmLansaNuansniet i Ay neatia
(p<0.05) Uaz " et liuanssiuatnslladAgynnadi (p<0.05)
NMF #a uiledoidisamu
NRF Ag wiladinadn
g 1 &
DMF100 Aa wida@sariiaaii ufanidrasinuiauugnnasiaagumni
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Howtignnas 100 avA g AT
2 - 4 i -
DMF120 fia wlda@eawdiaaitudaaniirasinuiiauiugnn@e foagmumgi
Hantignnag 120 avAgalTes
) ] v
DMF140 An wlda@aawdiaaitufanuidasinuianiugnnas fasgamgi
Rantignnas 140 avAntades
EMF46 Aia ulda@eaviinailudanidsaiendngine iulfussiunanadu
183IngALAE IULTATRLAL 46
0" a) Ly § a [ 3 H [ o’ J
EMF70 A uilsia@aowiinani udaniATasiendngine iulfussduaanady
1aeingauneluugs Seusy 70
- o o = ak o - . cd (e o
uaz EMF94 A ulvda@aaniiaaniludannidiaaendngined fufussi

‘J’ o a 3
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A5 N 13 Ariin1sazated ATtinigaaduil nAINITNAIRILAZNNITASATL 1A
b =4 - b -4 <t l o el L d d Ld
wladginuuazulanandaaniiaaialudainnsanuilsfaniaiasin
a <4
WlLLgNNAILASIATAIANTNgIADS

. . A A MAINTNAFY  MTazANe
PR nsazanein n9gn Furin (Fauaz) (5asaz)
NMF 3.0410.07° 2.2420.01° 11.91£0.19° 9.5110.49°
DMF100 9.01+0.47° 8.52+0.59° 15.4310.07° 22.22+0.18°
DMF120 6.60+0.98° 10.10+1.07° 18.82+0.29" 23.05£0.34°
DMF140 1.11£0.31° 12.35+0.17° 21.13+0.30° 24.68+1.86"
EMF46 11.05:+0.05° 3.93+0.03° 16.62+0.09° 31.7540.25°
EMF70 6.08+0.19° 3.31+0.04° 12.69+0.06° 18.51+0.06"
EMF94 6.25+0.05° 3.26+0.02° 12.13+0.05° 17.3520.13"

winewg: fdansuansaiu iyl AansauuansiuagaitidAnmneatia

(p<0.05)

Ariinnzavanein Aafinnsgadinin Adensmesda uaznisazazaulaiag

Y - ] a

wldadendu uazulia@enwhnailudannisdaulsiondasg 7 uaasanisa 13
o = 0" 1 dl « ddd 1 0”
pritntsarasnl iuAnisilasunlasesdlsznaumianilininasanirazateinees
- o (3 J = a el 1 o = 0” ] olf =
HaRAn AnsanianaaasnLIwTRanF ludiladrinisazatsingandudedaidian
=y ] v © o’ aa o‘: J d as
AuatitEd AN aTA (0<0.05) velanaillesanseduatniun@n (Degree  of
P ¢ 24 < o 1 b %4 L %4
crystallinity) - anasuazianairaudaufigninanalusendinanszuosunisiiianisbeu

(Majzoobi, et al., 2010)
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o

Ding, et al. (2005) nd'n'i'lqmuqﬁmL?au.axm'1u:i?vum‘”nlun‘a‘zmumﬂfanﬁwgmu
finasaninifiniaaiiudrasaniia Tnassiunisiaaainludasdnnitacanaila feed
moisture content qﬁyu uaz@zﬁﬁﬂLﬁuqqi‘TuLﬁﬂﬁmmmsﬂﬂu (Feed rate) Anau gnan 5
fiazaeild (Soluble starch) AxfFmnoumnniu eguuivanriasendngineigein

WAas Feed moisture content aA/Y
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wagumalisaanszusunsiaudsulaingsdu (Mercier and Feillet, 1975)
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= ) ot ala a 19 o o c'/ = ' < )
W‘J‘L’Qﬁ’]Gﬂ‘ﬂ“ﬁ@\i“ﬂﬂﬁWﬂﬁlﬂﬂﬂﬁ\iﬂ'ﬁW’ﬂ\lGI’)‘II'BQLL‘]I\IG'JL‘HEI’J mnm‘mmamwumLtﬂawmmm‘lu‘n

H 2
aala £ 74 =

| o a’l o < a‘ 4"
AnATaviniisuugnnas nsdanatiludasawlifiniv AN UUANARIMUIGNNGY
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(p<0.05) ludonansulensiaaniludanniasaiandngines wudaiileaouduiinuiniy
o o’ ar 1 o/ o o’ = :” J { Ql ar
NIAINITHAAIALANAIRE1NITHANATUNNATA (p<0.05) YiaTlilasnainnasinseay
AINILIReIRgALNE UL AzdanalfitandngianilgungRaniias ule EMFo4
HAMIuIassaedaigendn Wiaufazgniinanaluseudanazuaunisiendngdutiasnda
mliidauliiinaswassanindga

Jambrak, et al. (2010) nandimanasnisinganiiaananiitiioing quugh

- J - o/ o/ Q. ! o
vavamfrinalnaguiunusziumasauiingaiu doalilasaiadnsesudgninans
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Luanssaviiasainnsaldaiwiusslalasauiumglanseniedasvanserlulaguas
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azluTamniu iliidnswasiafiugedu
< d‘ o ° | 74 < 1

il @emeannszusumadaunininsazaneraadaulgadu asnmmeass
wuiulwiraadludanmandnaiededs fansacanaganduladadizpusasudedinii
ad 9 iTed1AYn19adiA (p<0.05) AnisazarsaesuTantiaanitudainiAteninudic
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L) b - b a\l ar
A19N 14 AR (L% a* bY) tawlanmadisiuuazulnadsanwiiaailudanmsaaudls
d o L 4 Qy ‘l
mrtATaviWRLIgNNRuAtIATaandngians

AaENY L* a* b*

NMF 86.84+0.05° -1.03%0.05 7.52+0.03°
DMF100 82.6620.04° -1.04£0.03™ 9.64+0.08°
DMF120 83.69+0.06° -1.140.05° 9.43+0.08°
DMF140 84.590.01° -1.02+0.03° 8.50£0.05°
EMF46 82.82+0.02° -1,09+0.02% 9.93+0.04°
EMF70 82.51+0.02' -0.99+0.03" 9.25+0.02°
EMF94 81.58+0.09° -0.32+0.01* 8.03+0.05'

WHEILYIG): rfT':'a“nmﬁumnwfwﬁu’luuuwﬁmmr-muumnmaﬁuﬂthqﬁﬁﬂéﬁﬁﬁymmﬁﬁ

(p<0.05)

ANAEN 14 UaneAg (L%, a* b4 sesuladadaniy wlilinadh wasutledades
w‘%mmﬁ’lwfmnm?ﬁmLLﬂ?ﬁfJﬂLﬂ?mﬁmﬁquuuqnnaquazm?‘mLﬂnﬁwgmﬂ% AINKNA
mamanasnudliniiaailudaanniseanisaesdi iaauadesand e desy

o

1 = o o’ = ey = ) rdl = 4' ° £ 73 a”e; ar
atliid Ay eadtia (p<0.05) uﬂqmmmm‘lwnmammnmemumLmuqnnmm:mu
?qmuqﬁﬁqmm:ﬁu flAamadne (L ganduly EMF46, EMF70 uas EMFo4

] v

A1 b* Addutnuasstieanuiiudivasg wlwirand ludanmsnanieaesss

1 1 ‘./ - - a A o« a t
azildn  b*  gandruledadanny uazulaniziaadludaniaTeciandnginefasilen
< dl as 4" o = ‘al 4” E 7 dl } 24
mﬂmﬂuamamammmm:mumﬂmu'ﬂﬂmmqﬂumﬂ'lumLmeu‘uu ANTaun 14
’luni:mumiﬁmLLﬂ?vam"i‘%ﬁNaﬁq‘lﬁmwadqwmuﬂmmmLmthmqmﬁuamﬁm
o .’/l d” a Ao I'd . . o
$oiu (MM 6) WallmadiaandfiBenuaaisa (Maillard reaction) sitan1slaigdy

. N d a o A o ¢ a & ' o =

(Caramelization) (Cheftel,  1986) FaillufnFenfiAnTuRadursudntinnacsod
(Reducing sugar) funsmazilu Tsiu viieansdsznavlulnsiauiy 1 Inafinantau

Lﬂ‘l&ﬁ?’%iﬂﬂﬁﬁ?ﬂ’l (Menegassi, et al., 2011; Gutkoski and El-Dash, 1999)
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[nnIsRnuLlsfiagATesinuiuLLgNNAsLAzIATRdENdNIIAGT HotllATae DSC Tnenai 1
- o - v ado
azuanstivgmuuglunisGunisifinaaiiluidis (Onset temperature, To) gouunRina1i
- o - - g
ManUasuuLaegeqn (Peak temperature, Tp) guunigavinglunnaifinlaam b
. 1 @ | =) a a 5 uI/
(Conclusion temperature, Tc) uarAIwaNUMTalaunaT lunisifiaaans ludigdi
(Enthalpy, AH)
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Differential Scanning Calorimeter (DSC)

AINANTNAREY WL g Bitiamsulaauulagegn (Tp) saswldadenau
(7324  asangadag) dAnganduladadisoniasifludainnisudnieaaddd
(59.44-61.28 a4ANALTE4) NTAASITAIgUYRIUNTAALAAIA BT UI0IaRn 51

{ -~ - o/ A -\

analtlesnanulafnatd ludananinslunisdaulsulsilsznaufongungligauas
usaideu desaliillitanalasairenitundiidun@n (Crystalline) uasdauadug
(Amorphous) ne lulsiaule

wliademauinasulunmsifaaam sduwingy 3.09 Jg” douudaiiaana tud
NnAIRtng avildmasulunisiaeatfbugduasindiulidadofulaslaagsenin
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= a P L a

A9 15 wamsAnensulfsunlaanginssunisaanuniinaantedadaoniu
L P a o s [ P ° (Y g
uazllﬂ\iﬂqlﬁlﬂqwelqa'\m‘luqquﬂnq'iﬂﬂuﬂ‘iﬂ']ﬂlﬂ?’ﬂ\iﬂ"lltﬂ\illﬂﬂi&nnﬂ\’

| (A ¢ A a o <4 a o P
uazmimmn'ﬂwgtmas LHBAIATIZUAIELATRAIAILATIZUAITNNUA

WULSIALF (Rapid Visco Analyzer, RVA)

Pasting
- Peak viscosity Breakdown Final viscosity Setback
AIBEN temperature
(cP) (cP) (cP) (cP)
(Oc)
NMF 2,504.67+26.50° 597.67+11.02° 3,119.67+#43.78°  1,212.67£30.35°  75.45:0.4"
DMF100  1,527.00£55.08° 247.00£56.35° 2,286.33+184.18° 1,006.33+105.97" 53.58+5.82"
DMF120 1 ,432.00165.64d 94.00+43.31¢” 2,609.00i63.15b_ 1,271.00426.06°  53.00+4.81"
DMF140 1,751.00£34.60°  279.00+26.00° 2,445.33169.53°  973.33124.85" 50.05+0.00"
EMF46 778.33+16.80° 247.67+10.12°  861.33+15.95° 330.67+12.01° 62.45+0.30°
EMF70 1,239.33+4.04° 127.00£12,17°  1,562.33+21.22°  450.00+14.00° 66.78+0.03%
EMF94 926.33+14.64' 46.335.77° 1,218.00+1 9.08' 338.00+7.55" 70.000.48"

° o

wanemeg: ssnisuanseitluuusugasa ARt Aty neatia

4

(p<0.05)

n=il = < nlf = o
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§ = « { i A '
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218N"7IRAAMNVLR (Pasting temperature) ANNUIIAGAGA (Peak viscosity) AMNUANGNY
189ANMIAGIGA LaZAMNUTIARNGR (Preak down) Anumilagading (Final viscosity)
LAZANIIAUAA (Setback viscosity)

founniFusuIaINIsIinA Uil (Pasting temperature) aaqulada@anAuiiaAn
agfil 75.45 svmimaidea uazdiasausulaiiaaaninzsing q asinlfiguunfiGusiureanis
= A = A::llol < =l < dl
aAnunlialiAinae nranssrasaaniiailunasnannstitBunadauniin@aws
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(Hagenimana, et al, 2008) annuanimvaaauanslfiviudiuledadaonTiaaniludil
aansalumaiinaumiiafingomaninindinguugiinafiaaasewldadeesu
ANNNTIRGIRA (Peak viscosity) uaasiaAdN@INsntesualuntsdufaiuta
uazusansiadlilunnsnaidandun A1 Peak viscosity 1aeutiadnilieniiy (2,504.67 cP ) fiAn
] =l o ¢ n’/’ aa = - o« 4 o E n"
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¥ i 4 U
Waanilnaliilasaiaaadawludama whanisogaduiiwaziinpananilalaiug
(Glicksman, 1969; Doublier, et al., 1986; Nakorn, Tongdang, and Sirivongpaisal, 2009)
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' = L o’ ] a‘d '
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aaamlailaiiunislianuben wasn v aannimaasanudiwiedad@eanian - Final
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viscosity gandnwlaia@aaniiaand ludaniAzasinuisuuugnnaswasulandiaaialud
‘J a ] : )y
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aniasiuiuuugnnas Weneudeuiuuldlnanfaniaimeei wudiul DMF140
wazutle EMF46  fAanasAumaandautantiaaniludiaau nsruaunnsdnulsurs
faediniiaanilud nliifanisgudalaseainnialudaud (Granule  disruption)
Wassnndiaulelifuateuanidasduazus@anluszninenisuan dunalianeld
sasazlnTaauavarilamaiunduanaiaiusslalanaulmiliindutiu Fennsusa
gasgeazlulamaiuasiinuduiusiuAAuwiuiiara s (Purhagen, et al.,
2012)

ArnuanITNAaedsanaauans liiudnanimsuacuvilavequtedaiden
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AN Pasting temperature, Peak viscosity, Break down, Final viscosity Wag Setback -
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Shear thinning #8AARAINLINIUIAEIIAY Rohaya, et al., 2013; Dogan, et al., 2005; Xue and
. | a o a a
Ngadi, 2006 fidnwgAnasunisinazesls Batter amnuwiledinadniidnudeniiaanalud
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wlvdnandnazaunilsainuiledinaidniidn Hardness 365.83 g uax 3,062.83 g AINATAL
nmsunuiuladinainmaauTedadeadunazulsiadaanwiaann ludiesas 5 aznaliauula
fiAn Hardness Aandausifaiaanudedinaidn TaafiAa Hardness agludaq
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wiradiandnginad ariiAn Gumminess AndnaunalmAsinnguauindnannuileiinaidn
TunszAunisunui

ANNIINNZANUER9RIMT  (Adhesiveness) LaAITNNAIURA M luAsuanusa
= 1 o dﬂv = e‘l s 1] ndl -
AagATENINa I TIURURANANTE  aannimaaasnudinunillsAanngiauiaan
anuleiingidn azilan Adhesiveness gandnaunilsannuilaand uazilAnintwiladinsunui
wliinlusziuingedn

ANAMNAINITOINISTINAINY (Cohesiveness)  WAAIDNAINIRIININTRINUTY
neluaaginaa s annanismaaasnudsuntlilmaannguunumuuldinaidnfon
wldataouazsilain@aonwdiaanilud Hdn Cohesiveness AndnauuialsAsnngiau
d =) H A ﬂf/ —y
nednanuledinndn (0.83) Inaauuifalmaanngeudiwnunulsinoii faautedadansiu
(0.63-0.78)  uazaunllsrAaanngauiuuisoswlwiiaanfludainiAsasiaui
WULQNNAY (0.66-0.79) azilAn Cohesiveness gandnauuilalsAainngauiunuidog
wlwdaadludanisesiandngiand (0.60-0.64)

1 ] J % = dl 2 J ] o 1

ANNITNUAANITIALA (Chewiness)  wananaugan ldlun1sAgavdauafaating
aunseindegl  aunilalsasnnguauiaanainuiledinaidinaziian Chewiness
(10,479.19 gmm) ganarauniiainuilesdnagna (1,060.37 gmm) adrefidadrAunieada
(p<0.05) uazilafnuleindasuasudedadaaniaania udad lunuiwliing ¥ ezl
1 N dll dl ¥ ¥ v .I/ =} = = =) Ly d’
A1 Chewiness ana aunuiuliinaldfasuldad@amnuuazmlawiiaaniludanniaias
AuiuLgnnasesaT 5 waz 10 azildn Chewiness Andnaunilailadann ngauingn

' H H H ] . ‘4”

anulidinadn uidlawnuiniesas 15 untiliaziiAn Chewiness gaunniiu douunile
A nngiauiiununfeeudaniiaaniludainiasasiandniines ynsvduasiian
Chewiness anasiiauBauiiauiuauwnlalsaan nquuiindaatnudedinndi

1 I ] Y N 4 o = (% ] A ] e“a d" d.

AANNEAEU (Springiness) A dRsNsAUsIatNEanguifadulianauus
= (% ' . . o ] = . 1 d’ = d‘ 1 4 ¥ o
fludaaan A1 Springiness 1avynsatialiuualiinasaalialinisunuiwledinaidinluszau
d 2 Ly ood a ' v .
93U 1unlanulvinodasiifiadudanuds nnsunuiulsiinadfaaudadiaatilud
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Sauar 5 qz'lﬁmuuﬂqﬁﬁti‘fﬂﬁuﬁaﬁﬁqm WeuReufaunmiludazgas wodrauniann
ule DMF140 uaz EMF46 fiszumsunuiindedinidsasas 5 asfidnunizaaciasainis
(Gas cell) arlaueausi u.azﬁLﬂﬂﬁuﬁaﬁndwuuﬂqqmﬁ'm (N 12)

A9 17 meﬂ'ﬁmmNamﬁm«ﬁwuﬂqqmmmquﬁuﬁm’muﬂqﬁmmﬁu,a:
qnuladingidan wazaunilailsmdannngiau funufiudeiragafesundedadonuuas
ulad@anwiaei iufrunsiauwmiaeds Binadatas 5,10 UaL 15 NNMARES
wudwdenuansssnufanuldinnaaiidvdaseninie dunldenuentesuuils
UsAsnngmuaziidang veilenaitasnanuleiiodnih B nllsfutiaandalu i
Tuuthedingnd i ibifmlfisemadaddmaitldifaodiasiueuled (Non enzymatic
browning reaction) virafjieiuaanin (Maillard reaction) luszninanisaufinaannufan
43 (Matos and Rosell, 2011)

AMNNNTAATITIAIAINGTN (L) wazABinaes (bY) wfauﬂ'z’mnuﬂnuazti‘fﬂ'lu
aaeauntls nudrArANgITesldeanuanunianuleiineand (L = 56.84) axdiAn
waAnFneag N HE & ATYNINAGH (p<0.05) AurunllsAanNgaw (L* = 63.64-80.74)
Tnan@enuentesnuniiannuieinogidazainnanuadnainiign aenadeetinuddaan
Alvarenga, et al. (2011) iAnsAdauAnANTasAnELIzIa LN ARINngIAY
qnudedinatng wldinaiauezwletudnlongs Auaunileainuledinoand uaswudn
Auwldanuantasaunilaladainngiauiiaiarinadiegandiaundaanudedinoand
dhesannlifilsunguaniiannsoinlgUiTanuaaia (Maillard reaction)

ﬂ"]ﬁm'ﬁﬂwmLﬂ%fanu'anmuuﬂqﬂﬂﬂmnnql.muﬁtmuﬁuﬂﬁ'mLﬁflé’w
uledrdsaruuasudidadaawiinaniidainnnsdmulsdagiaiasiufiauugnnas
uastAsevandngiaef SAdmAacegludas 9.84-13.98 uaz 11.89-30.30 AINAIAY
anEaNIMAREIAINaINUAtdssldenauntlmaainngiauaziiarasgludaning

uasdunltinlidamu Wassanulaanauniliianwusilianndue
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J‘ 1 ) 1 U )
Adlalunsilenanutelitngnd fannuadng (L9 Aduss (%) uazAndmans (b9
Wiy 57.33-1.20 UAL 6.76 ANA1AY Taunnsaiuattaivadrdnyn1aada (p<0.05)
o , 4?’ H = n'/ al I'd
MurunlalmAanngau ditlalusuntalmasnnguuinarannuiidadaowitaanilud
= J 1 < ' v ¥ ﬂ;d 4}!1
A ugdnazAr B imdasninndrruniainulditaduasaunteiinasunuiigos
0‘/ - ‘J J o 1o o = A ©
wldadanay WesnAdeessunlasivagiudngiuiimnld (Ozola, et al, 2012)
TaduiuiiuAAuaduazAdmaacalownanilud uasileunmuloiaanilug
2 . : o
Fnanniu azdealiidiannuadesassuntaindu
e o" =l = Py s -./ = o
annsAnaniiuldadeaaziliwiiaaniludainda doouazAnmsedu
il o ps
maunuhnunzasanmisdiitldiaad luiaunuuteinadlubuadesas 5, 10
waz 16 vatminuliiinndn sdeqguauiifvesdanaranininaesruniluie Wednauu
UnAanngangasunsgiu lnadndangasuinsgiuainandniiniiail nanw
oy 1 d' v L 7 7 = = T olf = L
wazAnanfvasln wudnrsunuiuleinadnfaawliwiaaniludaandaducsenas 5
qxrﬂmzﬁummwuﬁﬁmmmum"aqmmuu‘ﬁmm‘lﬁmu.azﬂmmwmﬂwuuﬁqﬂmﬁmnnqLmu
nasRwds DMF140  FaduwlewiiaaniludanniaTasiiuiauuugnnds uas
wilewdiaanilud EMF46 annissaaiandngine? axdaenlilpanninnaasdauazdneoenng
menmasssuNalmAanngeulstiga
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gasunilailiannimaaesiuneuiiaslfiflugasiimsguitedn i lunsAnm

rarefunaniuarlalnsaeaaesflusuniialmaanngiau Wneld Rsm sely

4 :’ d 1 o~
paun 3 mMsAnslTnmiiue: HPMC fvanzaudanisuanauadalamaainguau
a4 a 3 1y L o o A
nudnanuldiariuazwlaidaawdiaanslud
1unlalsAsInnganindnfangasuinsgruiliarnnindunledadan
= £ ¥ 3 o = o d‘ 12 d' o 3 a o
wramilufaclhiu deasfidnsoenunanmilifvinfiaes seiunsdinlalnsreanass
a1ad28lun il auninsessuniladsdannngiay atdelsfinunisii
lalasranaaufasliludaundy azinlfianunilataslnifiniu doiudesniudasiinis
wilsszAiinfunann il luges
dv ar < i 1 =
manaaasiiaziinisld HPMC  lueyiusamafrasaglaaiiivngdines 2 ailn
kd k 4
luanaluiana Aa -OCH,CH(OH)CH, uaz -OCH, RquaniAazarelilumindu gavinlis
Uiarazargidaunila la uaziilou 1iaaald aurfeu (50-85 asdAnaaidaa)

(assoun  maefty, 2549) HPMC ulalnsrasasadiiauinun i lunisuanaumileann
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uiladinadn WarndANduIsa lungaduasiianludl duung 7 i usgndnenas
v S £ % (v -3 (2 dﬂl =y 4’ ] ar 941 < £ %4
win avdalilaanisadnifuRiaiiiaiulusendanssuaunisnin gy Suals
TaregirantalusunhFamilaunaziinnnssaadadnreniddsingus (3381 q1
AVAR, 2554; Gujral and Rosell, 2004; Barcenas and Rosell, 2005)
Jo 0" H 1 -
lunsaassiiianisdnsiFunatituas HPMC AmurzanmanIsuanaunle
A L) "’ - Y
Unasnnguauindaainuliiinaidnuazuleda@aontiaamluding 433 RSM  219uaw
NINARBIUUL CCD (A3 18) 2unils ODMF140 azudmannwlandiaaniilud DMF140
d - ; ,
wazaunily OEMF46 Mudnannuils EMF46 danaunuuleinaidnluBunadesas 5 vnis
-y I‘O” o ! L e 1 ": J
aasziumin Wues Seduda uaziasziand vedauileluuazudenuanyaauntl
saudstaszazgniditaialiieg ludasseiuge (1) wazszausin (1) wirFuranihegludag
90-110 {adABAT WAZLAN HPMC lutasanas 0.5-1.5 sauiwmtinuleines fvuals
1 AR INImaned aziidruanaiiresqaquinatanimasewindu 5 azlivannn
13 gAN1TNAABY AAITIN 19
4 o a e - ot a3
AMNNANITNARBINBUNTDYAINNITNARINN AT TN NN TN NASIRAY AR ST 1S
1 b
afungAMNANNUSIsndTadeRAnE AetBuraniiuas HPMC N19ILATIEEAINANRUS

vd‘

mﬂqﬁqwﬂﬁmm?ﬁnmn“uﬂ"]mmauaummmﬂfﬁﬂmmmﬁmﬂzu"[mﬂ'lﬁ UULRIABINST

| & e o o o ol oy =y )
annaanIcAlUtdIAty a = 0.05 WHLAMIRBINHAIULNNC AN R2WANTUIRINAN

p-value #11ia8Ng1 0.0001 (p<0.0001) lack of fit FNANNI 0.05 (p>0.05) uay

AdNLlszAnBanduiug (R) filan1ng 1 unaansiiufioneuduas

AT 18 WaunaNTavIuNiNgasnTgIu

[] *» :’ o 5
AAIUNAN sagasaavdndnul s
wiledingidn 95
wlwsiaans ludanndade 5
UNEN 10
fidsudia 3
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fayaguamild azinlidipssimanuduiusinusunisnanasiugnsues
=y A o @ v .I/ ) =l a g
an1aznisndnaunilalsAannguauindaainuiiinnduaswledad@sondiaanslud
Flaunannisraafiuinsresaunly  AusaIAL Ban1sdiassivagluutannisuand
AuduRUSIa TN (X)) uas HPMC (X,)  sietRuiassasnunta () Agduny
ANANRUS T nITRdEnUATRs uduaravTadtlugNNITOA DAL AIRNGIG 20 LAY 21
AMNN1TRAITUNANNITOADB 1891 T NIATIR9 RN T9A s LiNIn AT NIRTIRauNITe
} 24
alfsuandnaainBunanituay HPMC Tnsiiaanuduiusuuuduniaidunse Inesuans
’ ta' d" 1 0” A‘ ; : o’ = o
gasaunTazifindy (HaFurneeiinay HPMC Wuly Tedanafaaiueuise
J . - 2
989 McCarthy, et al. (2005; Gallagher, et al., 2003) N151881U9N915N HPMC uang iy
¥ | [l = v e o 0” -al o/ 0“ Ay k73 ’
Aiiuviin wylaasanda 199 HPMC azidinduiuinfiinisgaduiiuindu daualiinonmg
™ a 4 ' =i - a o v Yy a o
wiaeslaiuay uivnladaouninuninulddeaalilneenasalfan nasdntnazdas
Uil liipouuiinaaslaiiin HPMC  anad e liilaaannsnaeadalusendig

o o o a
mswinld asiBuinsrasunlRafudiu

A9 19 dnisuazsiaraldunainnas HPMC Tl lunisaanaunilalsAann
NGLAUANNITAANULLNITNAADIAE RSM 719UHUNITNAREIULLLY CCD

annaz - i 2 f: t' PMC
U HPMC (Haaams) (92882)
1 -1 -1 90.00 0.50
2 + 4 110.00 0.50
3 -1 o #H ’ . 90.00 1.50
4 +1 +1 110.00 1.50
5 -1.414 0 85.86 1.00
6 +1.414 0 114.14 1.00
7 0 -1.414 100.00 0.29
8 0 +1.414 100.00 1.71
9 0 0 100.00 1.00
10 0 0 100.00 1.00
1" 0 0 100.00 1.00
12 0 0 100.00 1.00
13 0 0 100.00 1.00
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[ o :’ <) [ ]
ATN 20 wuudramdquMndInsumManlFunaniiuas HPMC - Muanzdusa
nmsuanuuNilnlsrAaINngLaw ODMF140

ANAUNTN Model Prob (PP¥ >

Model Lack-of-Fit R
H’mﬁmluuﬂq Linear < 0.0001 p>0.05 (0.8890) 0.90
MERREER TGS Linear < 0.0001 p>0.05 (0.1344) 0.88
hardness Quadratic < 0.0001 p>0.05 (0.7599) 0.98
Gumminess Linear < 0.0001 p>0.05 (0.5339) 0.85
chohesiveness Linear 0.0648 - p>0.05 (0.3318) 0.54
chewiness Linear < 0.0001 p>0.05 (0.5098) 0.87
springiness ‘Linear 0.0706 p>0.05 (0.3079) 0.41

waneue: 2unly ODMF140 Ais aunthilfiainniseanuuunimanessios RSM NKas

Anelutle DMF140 11 110 Hadansias HPMC 5asay 1.5 aasiawinulaianun

o ar :’ A 1 e
AN 21 uuuAIaaspunndnsumsnlEnaiua: HPMC Mivinsansansnan
aualalsiAannguau OEMF46

ATAN N Model sk iliai >
. Model Lack-of-Fit R
vl Linear <0.0001 p>0.05 (0.1141) 0.88
1BumssuNils Linear < 0.0001 p>0.05 (0.3833) 0.87
hardness Quadratic < 0.0001 P<0.05 (6.0035) 0.96
Gumminess Quadratic 0.0006 P<0.05 (0.0171) 0.93
chohesiveness Linear 0.0003 p>0.05 (0.6738) 0.81
chewiness Quadratic 0.0007 P<0.05 (0.0368) 0.93
springiness Linear - P<0.05 (0.0100) 0

' 4 o
winawe: 2unth OEMF46 Ae auntlitliannisaanuuunismaaaddiag RSM NnaRGan

wile EMF46, 111 110 3adansuas HPMC $esas 1.5 saariminulaianun
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nmmassafienmnefunsesrunialmaannguaude faiwnaiansw
muﬁr?mmﬁvuﬁqmmumGimfﬂuﬁnu.amﬁmmmﬂwuuﬁmmﬁmnnqmu AANIN 13
LAz 14 aananwudiunaniues HPMC Amnzay (Optimization) AiantsxAnauNtlsAn
qmﬁlﬁmf’] 110 Ta@anT was HPMC 3agas 1.5 tastiwminuleianun (@an1nz 4) Tnaldi
ﬁquﬁnua:aﬁmmﬂﬂwuuﬂqmnﬁqm

mnm?wmamﬁ”ﬁLﬁ‘ﬂﬁuffumﬁLﬂi'\:ﬁ"n’ﬂqaﬁ')ﬂﬁ’fﬁ'ﬁw‘?{ﬂqmuaum Tneldigms
authiilEarnnireenuuunimaasedag RSM (aunile ODMF140  way OEMF46)
nBeuFenfunnlannnmeaaasfietudiung wdraitfarnnnlssuaanaannauns
ﬁlﬁﬁqmﬂmwuuﬂa ODMF140 uaz1unily OEMF46 Simiinwing 191.43 uag 190.17 niu
uazEi3anng 468.67 La 459.95 fadans aaAdy Taildn IndAeeiuiwminuazBunas
gasaunilaiilFannnismaasduduna Inafidiauinaasaunila ODMF140  wazausifa
OEMF46 1vin1 189.37 wa 191.48 niu wazfunnswvinay 461.67 LAz 470.00 Nadans
ANTHANALI

AMNANTN 20 UAY 21 meLmuﬁqamqrumwﬁw?unwmmqu‘fimm:aumm
unilalsAsinngia ODMF140  uas OEMF46 Lﬂ'ﬂﬂﬁﬂgmqnmiwmammzﬁwLﬁu
AUNNINNATIAANENFE T AR U a A AR LT e AN AeTFuNasiauae
HPMC #nnsAn@enianiyannisfiin p-value fitiaeindn 0.0001 (p<0.0001), lack of fit
fianndn 0.05 (p>0.05) nazAduLls AV auduiug (RD) Rt lng 1 NE31aN I HALEN

AaLALeY TelAundunsrauiminuaziBuinsaataunila Insndnaainisaanise 22

AT 22 dunigrasiindnuaziFainsrasaunilailsidainnainy ODMF140 uae
OEMF46 aInN152aniuunsnaAaaInlg RSM

ARt ATATININ fqums R?

ODMF140  viwnin Y= 148.24+6.71X,+0.48X, 0.90
Bums Y =60.1885 + 3.6752X, + 2.8036X, 0.88

OEMF46 ﬁ'ﬂmfﬂ Y= 182.98+7.28X,-0.082X, 0.88
Fums Y =158.6034 + 2.2446 X, + 36.2970X, 0.87

MR X, wnedl sy (aaans)
¥ 3
X, et 1o HPMC ($asazaasininulaianun)



75

LOAF WEIGHT
I 193 803
17414
X1=A WATER
X2 = B: HPMC

LOAF WEIGHT

LOAF WEIGHT
| 194.903

172 587
X1=A WATER
X2 =B: HPMC

LOAF WEIGHT

105

A: WATER

(2)

MW 13 newmuiiirasiuinausuasiaiminaamunilnismaanngueau
TnsuanspnudnRufssniaBananiuas HPMC MAlumsuanuuuils
UsAnnngiauinananuilsinadussudnadaawiiaanalud;

(n) aunilalsiAainngiay ODMF140, (1) punilailsiAannainu OEMF46
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LOAF VOLUME
I491 667
373.333
X1=A WATER
X2 = B:HPMC

LOAF VOLUME
I470

375
X1=A WATER
X2 =B HPMC

-y J _\ 1
NN 14 nsqﬂmuummwummauﬂummaﬂ?mmmawuuﬂaﬂmﬁmnngmu

InauansANNANNUEszndna B unniuas HPMC fldlunsudnuunils

&4 a 9/ 2/ & = -~ ) (A
ﬂﬁ"lﬂ'Q'lﬂﬂ'Q LAUNNR mmnu,ﬂwwlmmeuﬂqmwmwewmm"lw;

(n) aunilalsrmannnginu ODMF140, (1) aunileilsiAannnguay OEMF46

A a v 1 4 k4
2unilslsAaINngau ODMF140 uas OEMF46 gasnn@nsoauiieinafiuay

wadnTeandiaanAm ldnseauntsununiasas 5 nRn151410 110 JadamAT waz HPMC

v 0” o c’; = dd" 1 a: 1 a
saaaz 1.5 1avuninudeianus @:uQmmwmmumwuuﬂqqmmmigﬂuw1uunﬁswm

lalnsmeaaass i UiNinsresrunTauiudy wasdanrusaasnasa N AdnLazdsLane

nszaneiaiauduaunils (A 15) uaasliiiudanisadnaunidsaaanngiauboogns
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DMF140

ODMF140

AN 15 n.l‘%zmLﬁﬂumuuﬁqﬂmﬁmnngmugmmmsgﬁu (DMF140 waz EMF486) uas
auntlafilaannmsaanuuunisnaaasdag RSM (ODMF140 uwaz OEMF46)

pauil 4 aadnunisilagunladluszuinemaifiuinunaunilalsiaainnginu
annismaaeslumeud 3 ”l,E-iﬁﬁmsﬁ’mLﬁﬂnqmsﬁ'l"ﬁﬁu'\mﬁyma: HPMC Tvsnzan
panTsuanTuNNLsAINNgIAL "lﬁurizgmﬁlﬁuﬂuq 110 Ha@an7 uazlin HPMC $a8ay 1.5
gaaimdnudeniaunn Taaliule DMFI40 uazuile EMF46 Seuas 5 uadnma
nsulazuutlaslussudnenisifuinem Tagmanisiiuineauntlelugeananaminatin PP
Allandinaiin Wiufgnmniives et 3 5ulud 5ufl 0, 1 uax 3 Wiaufeufuauu
anuleand muuﬁqmnuﬂﬁmLf’i'}LLamuuﬂmmﬂmnn@JLmunﬁmmnqmuﬁm‘rgﬂuﬁwﬁ

NIFLAN HPMC



78

3500.00
3000.00 — A Wheat
5 2500.00 NRE
(7]
§ 2000.00 DME140
2 1500.00
T —% —e—EMF30
1000.00 —§— ;
—O—ODMF140
500.00 —%
e e = —[—OEMF30
0.00
0 1 2 3

sreiznILSNEA (W)

d 1] i)
MmN 16 nsidasgunilasuaann Hardness -n'awuuihﬂﬂﬁmnngmuszmqqmﬂﬁu
5n¥1 0, 1 WAL 3 U

NN 16 wansnsilasuuilataesdn Hardness 1aetuniiilsAsnnguaussnng
] - v o ¢ a 4 A & o
anMsnAaaInLIn Tunliilannuudiiiavieanuudafivdy Waiuinwulussazinan
Wi isianaiaanms@en@sNFandn anfa (Staling) Gellanvauiann 2 11adn Aa
& A 'Y = d b~ H i i
B aasunTuianisiaaaudine lddefianlaenuanaasauuil (Baik and Chinachot,
2000) wazan AT MsINIAdY (Cauvain, 1998) aNATANEN189 Seyhun, et al. (2005)
1 o . 3 t 1 1 J’

WUINTANEANTT (recrystallization)  1298AN5T AvdepanariALiuiiateq e
= AI Ay -
Y TG

uiun 0 seeniniuinmsuslea nudednaidiasiia Hardness  dnfige

J o -y y ar H 3 ar U
(1,115.33 g) WaufFauifeuturunlaiagu uazludui 3 saanafiuine A1 Hardness
b %4 ¥ a‘ ! [] al o o [ %4 - e, ol o A' !
gavruNiianulsdinidtasiinaiuat lladAynatia (p<0.05) uasiidnsnisaiiniu
194971 Hardness  4a0iga Asuanslunn 15 auntilsmAsainngiau  ODMF140  waz
U 1] J e’ ql 'S 1 0' ]

OEMF46 azfiAnAnnuutiuilanaridnsiniaifinduaedsn Hardness anndnaustaannuls
} 74 v -~ F 7] = ) i Al e o °y dv
firadn dullngulfdrulaniiasailudiidaudaaiinanuanansalunisduimininiu
anelduas HPMC azidinliasaiuseivananedesracul denaliidnaanenisiusnees

wl dnfunrainudendiaardludaandadaauss HPMC  dinlilugmsnunilalsdann

ngiAU azaNsndaetzaanisiinamalil (Barcenas and Rosell, 2005)



79

- - I P A

munindnngauiinsasuilsspnsduiiniuainanniuGuiviensy

1-2 (Liuamsdiaya) luszndranisifivine wulatninizedfldanuanyassuuis
= I oy o 1 4! } 24 0" J’ [ <

dullrgwdnlaidindnmainnisiedeuiitsreaitanilasssruallldanldanuen
anvsqanaasnatin PP dasiuntsfurivsedlaihlia AadunaliinliiAenuenyassum
thauuasin

J o |

WaraunlilsAsnngmu ODMF140 uay OEMF46 lildnmiAnieuniatiaes
nsdeTnsinaad nudmunlalsAanngiau ODMF140 (0.49 Jg™) asiidiauniaiiues
nmafsrinansadugendnaunilalsdainnguu OEMF46 (0.21 Jg') Fesennferiusn

Hardness NMn13Ans

~ S

AN 23 RinnqduvisdnavanuazFaaisdsremusilnladannngau

[] -\ f & .|
. . IUIURUNTLNINNA (cfulg) fnduazs (cfulg)
AIDEI —13 o = 3 - 3 - = - 3
AIUN 0 AUN 1 AQAUnN 3 AUnN 0 IUN 1 AUN 3

Wheat <10 250x10° 240x10° <100 <100  5.00x10°
NRF <10 146x10° 440x10" <100 <100  2.30x10°
DMF140 <10 3.20x10° 3.08x10° <100 <100  9.00 x 10°
EMF46 <10 1.10x 10" 150x10" . <100 <100 270x10°
ODMF140 <10 163x10° 520x10° <100 <100 2.62x10°
OEMF46 <10 1.34x10° 360x10" <100 <100  .1.89x10%

wanewe: *<10 < 100 Asaaliny (lusratwiideasmgn)

m1374 23 memnﬂﬁiﬂuuﬂmﬁmmfﬁuﬁ MammuazBaunndafmueuny
UsAnnguausEndnansfivine o, 1 uas 3 5u mnm:‘wmamwudnﬁmmﬁ”ﬂfﬁuﬁﬂ
mﬂqmuuﬁqﬂmﬂmnnqLmuu.awuuﬂqam?muﬂuﬁﬂ‘smmtﬁumnﬁ?uﬁmzﬂmm'lumﬂﬁu
iy Lﬁ"atLI?‘ﬂuLﬁﬂuuam?wmamﬁumnw?mmﬁqumﬁmﬁmﬁ‘qmudﬂﬁw g
wunileleud (un.747/2548) fiszririnuanqdunitdianuadadliiu 1x10* Talailse

(%

9E1e 1 nd wuhaudwiEin s lugndedwasifiunasinn g
4 o 3 1 o i o L 1 o’ i
nfvual Addun 1 wer 3 sasnafivinm WBuadafiarsazaabinuluiug o



80

uaz 1 seamaiivinm wiszamaninBunndadiazsniundinosiinasgunansioet
guauluiui 3 sasnaifivinm TaesnasguniniusiguauiunsnBunadafuas
i ) o/ ] o’ “" J i - f.’: [y
fastiaandd 100 Talailsiasaating 1 nfu ialinnsBunugdwirdionuauasBunosdiasdn
I A=) ' rA o
1avuNinlmAanngeuazsunligaraiuguiARundnusiinmualussazioan

a = «

< o 4 . o’: d' s 1 = %’ tal A;l L 74
nsinuinnduiiu 'a'mLummnmuuﬂqlunnmﬂmqum'\u WARNAYU depaliiqaunae

A

- ¥ 1
1wy lAundiu



unag

< Pd P v & o - v v I
naun 1 n1sAnmasAdsznauniaall nanwaewiledadgeny ulledaidn
2 v & o P al &
nanmgmuaswilhoadigandiaanm lud
v =l a e o|' =) a;v | 2 d" o k%% Q” dl' g
wilhwsiaanfm ludanndaidsag nanulsTaelfirraminuiisuiugnnde uaziAsaaend
e =~ L. | (% o“ o ar o -=: d” Aﬂl = o ¥ "/
NZMaT HAIATUNIAATLNN NaINITnadsaLaznsazas inauian Baudausudlads
=l = " e 0 a' 1 dl o = - = « v d” 2 = < ‘e
WEIAL WazANNAAzIiNTuNaszALNnanTaaE ludusutlegeiu wlawhaanalud
o - ) = & A' dy 0 o =3 “ c./ v
NANAINATNEAAY LaZHlANAMABANg Y Anasnlunisiiomani luedureeudle
wWilaA g ferdndiuildaidaafiu Peak viscosity Uas Set back A3iAszEoeAiaq
RVA favs‘fwi'mﬂmLﬁ'aL'Lﬁﬂmﬁﬂuﬁuu’ﬂqﬁqﬁmﬁu Insuils DMF140 uazuile EMF46 fipn
mmummmflLLﬂawmmm‘lwzjﬂu I AuangtAR iRty nssaulsuilaTne ¥ baariaudi

Lmugnnaqua memnmmtmm 'avw']'lw.umuﬂmmL‘Eﬂ’ﬂ‘immmua"zgrytﬁﬂanum"
Tiiwsalaud

<3 = al 4 = ' aan
aud 2 msAnslfnanilmiaailudanaadaimanzausiepudanineasda
] a
wazqumwasruniluielindamualnlnannnguaugasnasgu
uile DMF140 uay EMF46 fiszaunnsunuiiuiledinaid3eeas 5 aqunzatiang

Wannthaunilsmaannguauiiiaoinam fldnsurasaasenid (Gas cel) dsiiane
vsudiu wazilitleadudannirauaiiignsdu uazaunileannuilh EMF46 asilfFumsgenan
J o 1 1 1
1uNTeanuil DMF140 auntlanuildinadnacfifledudaiudaasiiefinsunud
24 2 = = g ° L T < d{l Al o dl ’
ArguilawTirandtudazinlidranuudaessunianas Wamnsedunisunuiises
LL’ﬂqw?*mmﬁ‘luﬁmnﬁumuuﬂwzﬁlﬁmmammu,azﬁﬂ"lmﬂuuﬁwﬂwuuﬁqqﬁu
1unilalnAsnngauaziidianuadeiudanuentesaunthannndiaunls
v - g - g ) vy v Py
nuiland uaziiaindmdesteailaruniannndisuntanutledinaduasaudeis
dly v alz = - < o g o U J 1 <
nrununacguihda@anay InadanuduiusiBauaniuriaouadnuasAdivaes

E 4 i al rd‘d J :\. d" d' ] o
‘1]?3\1LL‘]J\1V4‘J‘H@’\M1WDV]N ATWNIUNBRUNTZUAURNT AR UL S



82

<} & <y . a

paun 3 n1sAnsdFTaimdiuas HPMC NMinnizduaanisndnaunilalsidann

& a v w 2 & o < LA
ngiaunadannuiliaduasuihaandsoniaamludg

annisdszynsld RSM inanBuamunuaslalnsaanasadnmuizausa
masdnrunilmaannguunkananuilinnduazsuihia@aawiiaailud wudingld
1 24 v v
11 110 FadanT wazr HPMC $aaz 1.5 sasiaminuileianun lugas avinliauuiled

v ’
hminuasFunesresunthuiniign

4 < . o
mauh 4 uadnunisulfeuudadduszudtensiivineaunilnladannguau
< J al g AI ! t-ﬂ' & e < JJ =
AMNLINTRaaIuNT AT HAWNTY WafuEnEiuszeznauIlg NinknnIs
A B £ pAD - S
Masnainsindutesaniis aunidatfin HPMC azgsaanisiiaiinsinsiaduls
\ < eI '
sunth ODMF140 uaz OEMF46 avilAnauudgasausihiinndisuntainuiliinedn
wazanihilidinisidn HPMC
Lﬁmmﬁyfaﬁgﬁuw‘%ﬁmmmuuﬂmmﬁmnnqmuuazwuﬂqqmmu ANHUTNN

Aal dv nﬂl & e 1 y o
Wuunluidaszaznan lun L uIuy Tmﬂmuuﬂwztﬁ'ﬂuLﬁﬂmﬂ'l.u?zﬂ:nm 3






UTTUIUNTH

v
P

NEUNA ATTam Lmztﬁrﬂqa Tazanudty. (2546). malulatiuil (RuWATIR 3). ngamwe;
AWNNUANINEREINATANART.

anity padd. (2537). Ananmwuginnlnagnswlsgyl. W msssguidzntzunianedt
inasArans aed 32 aruamgaamnssinees Anenwdalnahianlug
AARIMNTIN (U. 5-17). NPUNWE: ALLYARMNTTHINLAT
UNAINENALLNHATANART.

A3 mm”aa‘r. (2554). nnuadawsian i glasaeames uazlansandinsfiaumia
iaglaasaqnnwaelauazaunil. 2. WenAraaTingaz. 42(2 Fid),

ANBUN UANINN UATEIBNA EANA. (2541). wingimaluladifioi (Ruipfd 5)
NN ANINANRNMAINENSNBATAIERT.,

laen wiegu. (2539). fuaziimaquiy. gnasanfh: udinatuladiedenn.

A 1WIAGRE, BNNET LAUIA, LASNALN E”uiqﬁfmi”‘mﬁ. (2554). nadFudlgennunw
sasuildnaulnedan1swiaana ud. 217a953nenadnsyswn, 161), 12-21.

NS BUANWLE, (2545). tanansulsznauAngeutadien, Feadlvs: nnedgritals
AUZINHATANGAT dvnanenaendesiud,

fiBen FaunLhiui, (2545). tallamns. ngann: 1a Lad YR ind.

3an guua. (2550). vawmmm"muﬂ:‘m”ofif?%'mw?ﬂu%'yuﬁiﬂﬂuu‘ﬁnw?‘fﬂTﬂﬁuﬁxmﬂﬁm
nanaadiusacaniadraiiiiiunoes ulaguansiteii (neniinBgon
WMNUTIR). AWAT: N INENAESITRIUATUNS.

wiian Tuuluny. (2549). Na'ﬂmm:‘m?v)uﬂfﬁaﬂ?%'n'r?'Zﬁ’mw%’au%um’mmauu‘ﬁmqui'ﬂf
912141 AnentdnuiiBoyoyrmndude). ngamne: ananardedaling.

Wilnn 2R, (2552). msmmaansanuthinadfiasangluingy Greniing
Byaumingia). AUE1TAIN: ANINEIRENUNEITAN.

nacl Autlge. (2540). msldutloiad@eananluutoard lusdadosfiusey (Greuns

331). ngamwe: aniumaluladinszaanind mszunsila.



85

mMyna fizesais. (2541). sazauihdradmdinari luduazmsndsullsiusaannm
revauneanuihdradr EnantinuiifFoyoynmiingna). ngamws:
AMINLREINHATANARST.

MIIUAREAONU. (2525). WAUIYNTNRULTITUNAALANI WA, 2525, NFANNY: SNT
(RToYviFl.

Anmdad Tnsnuu, (2550). msdautlsamnirdradaingants iaonsaudusauny
Aamemaall AnentinuiiByoamninda). ngamwy: annenda@aslng.

aufia unsagal. (2554). msimuiewngdtgauuaznis s Tamiuiausglu
mm??zﬂzﬁ:uﬁuﬁ’mi"uﬂmqngnmﬂu (Clarias macrocephalus x Clarias
gariepinus) (ANENTNUFLIFY Y INVNIINA). NI I INESBNERTANART,

aIT0UN GlABATY. (2549). tadamsgasailulaman. namne: Aninfiniivieqinasnsal
UMINLIALL.

3l Raane. (2545). malulagnizutlsgrlonns (Rarafadi 2). npamver: Tedieualas.

annantjganantinalng. (2559). uualluuaziiannisdeaandalng huil 2559, uku
27 &9mAN 2559, AN http://fic.nfi.or.th/foodsectordatabank-detail. php?id=9

anauwad i Tnanassgne. (2559). dad@ea. Aubiu 27 Ramnax 2559, 41N
http://iwww.thaimaizeandproduce.org/thaimaize/botany-green-bean

aninyd AUNSIWENINS. (2551). Aruandanislaladueslauasrdninsiamaida
AnFagLl. npumws: WAanenaunERsAARS.

Aninaunasgdninsianamnesi. (2529). N1A79IUNAAAITIRARMNIIN
uilNg1997 N8N.638-2529. NPANNYL AMNUNIATT AR UTRAAIUNTIN,

dinaunasgundaitusignaminesi. (2535). vmsgundadniutlsinulsdinsy
gAAMNITNAIMIT Nen. 1073-2535. NN Annaninnsgu
HARATUTIGARMNITA.

dinanuAssgRamans. (2567). daidina. Aukuiile 27 Ranaw 2559. 41n
www.oae.go.th/download/document_tendency/journalofecon2558

qid Wdtlsum, Mla wwinunda, Wa alsua, wasndiusd disen. (1-4 quatwus
2543). saniAniandiafiveaihdrdaaiatnaamiugineunlulssmeing, lu
MIUrE N NITINITYRINNIINEGENNHATAIGAT psil 38 grTaAansINANARS

UATAIIIARIMNTININEAL. NI ANTNNRIMNAINENREINYATANARS.



86

[9BWA UEANG. (2550). $12: Inenmaniuazinalulad (ﬁuﬁﬂ%«"fi 2). NPUNNY:
AninRuNIMINENREINERTAART.

25AUIA 1UEANA, UATAUAY WIANEN. (2536). aWmsdnAINSty TR, 2978179A8MNTIN
inms, 4(3), 5-14.

2IRWIA UEANG. (2538). LANNNSTYQY M7, ngamwe: madtanenAanfuazinatulad
N78INNT ADLCYAATUNTTUINTAT UMK BATAERS.

Alvarenga, N. B., Cebola Lidon, F., Belga, E., Motrena, P., Guerreiro, S., & Carvalho, M.
J. (2011). Characterization of gluten-free bread prepared from maize, rice and
tapioca flours using the hydrocolloid seaweed agar-agar. Recent Research in
Science and Technélogy, 3, 64-68.

Amemiya, J., & Menijivar, J. (1992). Comparison of small and large deformation
measurements to characterize the rheology of wheat flour doughs. Journal of
Food Engineering, 16(1), 91-108.

Anderson, R., Conway, H., Pfeifer, V., & Giriffin, E. (1969). Gelatinization of corn grits by
roll and extrusion cooking. Cereal Science Today, 14(1), 4-12.

AOAC. (2000). Official method of analysis of AOAC international (17th ed.). Virginia:
The association of official analytical chemists.

Bacteriological Analytical Manual Online. (2001). Food and drug administation, USA
Chapter 18, Yeasts, Molds and Mycotoxins. USFDA. Retrieved Ma_y 10, 2016,
from http://www.fda.gov/Food/ScienceResearch/LaboratoryMethdds/
BacteriologicalAnalyticalManualBAM/ucm063346.htm

Bacteriological analytical manual Online. (2001). Food and drug administation, USA
Chapter 3, Aerobic plate count. USFDA. Retrieved May 10, 2016, from
hitp://www.fda.gov/Food/ScienceResearch/LaboratoryMethods/BacteriologicalA
nalyticalManualBAM/ucm063346.htm

Barcenas, M. E., & Rosell, C. M. (2005). Effect of HPMC addition on the microstructure,
quality and aging of wheat bread. Food hydrocolloids, 19(6), 1037-1043.

Bemiller, J. N. (1997). Starch modification: challenges and prospects. Starch-Stérke,
49(4), 127-131.



87

Beynum, G.M.A., & Roels J.A. (1985). Starch Conversion Technology. New York:
Academic Press:

Chang, Y. H., Lin, C. L., & Chen, J. C. (2006). Characteristics of mung bean starch
isolated by using lactic acid fermentation solution as the steeping liquor. Food
Chemistry, 99(4), 794-802.

Chartrand, L. J., Russo, P. A., Duhaime, A. G., & Seidman, E. G. (1997). Wheat starch
intolerance in patients with Celiac disease. Journal of the American Dietetic
Association, 97(6), 612-618.

Cheftel, J. C. (1986). Nutritional effects of extrusion-cooking. Fodd Chemistry, '20(4),
263-283.

Chiu, C. w., & Solarek, D. (2009). Modification of starches. Starch: Chemiszfry and
technology (3rd ed.). New York: Academic Press is an imprint of Elsevier.

Curic, D., Novotni, D., Bauman, 1., Kricka, T., & Dugum, J. (2007a). Optimization of
extrusion cooking of cornmeal as raw material for bakery products. Journal of
Food process engineering, 32(2), 294-317.

Curic, D., Novotni, D., Tusak, D., Bauman, l., & Gabric, D. (2007b). Gluten-free bread
production by the corn meal and soybean flour extruded blend usage.
Agriculturae Conspectus Scientificus (ACS), 72(3), 227-232.

Czuchajowska, Z., & Pomeranz, Y. (1989). in Crumb Center and Near-Crust Zones of
Bread During Storage. Cereal Chemistry, 66(4), 305-309. .

De la Hera, E., Martinez, M., & Gomez, M. (2013). influence of fiour particle size on
quality of gluten-free rice bread. LWT-Food Science and Technology, 54(1),
199-206.

Demirkesen, 1., Campanella, O. H., Sumnu, G., Sahin, S., & Hamaker, B. R. (2014). A
study on staling characteristics of gluten-free breads prepared with chestnut
and rice flours. Food and bioprocess technology, 7(3), 806-820.

Ding, Q.-B., Ainsworth, P., Tucker, G., & Marson, H. (2005). The effect of extrusion
conditions on the physicochemical properties and sensory characteristics of

rice-based expanded snacks. Journal of Food Engineering, 66(3), 283-289.



88

Dobraszczyk, B., & Morgenstern, M. (2003). Rheology and the breadmaking process.
Journal of Cereal Science, 38(3), 229-245.

Dogan, S. F., Sahin, S., & Sumnu, G. (2005). Effects of soy and rice flour addition on
batter rheology and quality of deep-fat fried chicken nuggets. Journal of Food
Engineering, 71(1), 127-132.

Doublier, J., Colonna, P., & Mercier, C. (1986). Extrusion cooking and drum drying of
wheat starch. li. Rheological characterization of starch pastes. Cereal
Chemistry, 63(3), 240-246.

Eliasson, A., & Larsson, K. (1993). Physicéchemical behavior of the components of
wheat flour: Cereals in Breadmaking. New York: Marcel Dekker.

Filli, K., Nkama, |., Abubakar, U., & Jideani, V. (2010). Influence of of extrusion variables
on some functional properties of extruded millet-soybean for the manufacture of
fura: A Nigerian traditional food. African Journal of Food Science,

4(6), 342-352.

Fordham, J., Wells, C., & Chen, L. (1975). Sprouting of seeds and nutrient composition
of seeds and sprouts. Journal of Food Science, 40(3), 552-556.

French, D. (1984). Organization of starch granules. Starch: Chemistry and technology
(2nd ed.). New York: Academic Press.

_ Gallagher, E., Gormley, T., & Arendt, E. (2003). Crust and crumb characteristics of gluten
free breads. Journal of Food Engineering, 56(2), 153-161.

Gailagher, E., Gdrmley, T., & Arendt, E. (2004). Recent advances in the formulation of
gluten-free cereal-based products. Trends in Food Science and Technology,
15(3), 143-152.

Gibson, T., Solah, V., & McCleary, B. (1997). A procedure to measure amylose in cereal
starches and flours with concanavalin A. Journal of Cereal Science,

25(2), 111-119.

Gill, S., Vasanthan, T., Ooraikul, B., & Rossnagel, B. (2002). Wheat bread quality as

influenced by the substitution of waxy and regular barley flours in their native

and extruded forms. Journal of Cereal Science, 36(2), 219-237.



89

Glicksman, M. (1969). Gum Technology in Food Industry. New York: Academic Press.

Guilbot, A., & Mercier, C. (1985). Starch. The polysaccharides (3rd ed.). New York:
Academic Press.

Gujral, H. S., & Rosell, C. M. (2004). Functionality of rice flour modified with a microbial
transglutaminase. Journal of Ceréal Science, 39(2), 225-230.

Gujral, H. S., Haros, M., & Rosell, C. M. (2004). Improving the texture and delaying
staling in rice flour chapati with hydrocolloids and a-amylase. Journal of Food
Engineering, 65(1), 89-94.

Gutkdski, L., & El-Dash, A. (1999). Effect of extrusion process variables on physical and
chemical properties of extruded oat products. Plant Foods for Human Nutrition,
54(4), 315-325.

Hagenimana, A., Ding, X., & Fang, T. (2006). Evaluation of rice flour modiﬁed by
extrusion cooking. Journal of Cereal Science, 43(1), 38-46.

He, H., & Hoseney, R. (1991). Gas retention in bread dough during baking. Journal of
Cereal chemistry, 68(4), 334-336

Hsu, S., Lu, S, & Huang,-C. (2000). Viscoelastic changes of rice starch suspensions
during gelatinization. Journal of Food Science, 65(2), 215-220.

Jambrak, A. R., Herceg, Z., Subari¢, D., Babié, J., Bréié, M., Bréié, S. R,, ... Gelo, J.
(20_10) Ultrasound effect on physical properties of corn starch. Carbohydrate
Polymers, 79(1), 91-100.

Juliano, B. (1984}. Rice starch: production, properties and uses. Starch: Chemistry and
technology (2nd ed.). N.P.: Academic Press: Imprint.

Kaur, M., Sandhu, K. S,, Singh, N., & Lim, S. T. (2011). Amylose content, molecular
structure, physicochemical properties and in vitro digestibility of starches from
different mung bean (Vigna radiata L.) cultivars. Starch Stérke, 63(11), 709-716.

Kim, S. H., Lee, B. H., Baik, M. Y., Joo, M. H., & Yoo, S. H. (2007). Chemical structure
and physical properties of mung bean starches isolated from 5 domestic

cultivars. Journal of Food Science, 72(9), C471-C477.



90

Kim, S., & D'appolonia, B. (1977). Bread staling studies, llI: Effect of pentosans on
dough, bread, and bread staling rate. Cereal Chemistry, 54, 225-229.

Lazaridou, A., Duta, D., Papageorgiou, M., Belc, N., & Biliaderis, C. (2007). Effects of
hydrocolloids on dough rheology and bread quality parameters in gluten-free
formulations. Journal of Food Engineering, 79(3), 1033-1047.

Ledn, A. E., Barrera, G. N., Pérez, G. T., Ribotta, P. D., & Rosell, C. M. (2006). Effect of
damaged starch levels on flour-thermal behaviour and bread staling. European
Food Research and Technology, 224(2), 187-192.

Li, S., Ward, R., & Gao, Q. (2011). Effect of heat-moisture treatment on the formation and
physicochemical properties of resistant starch from mung bean (Phaseolus
radiatus) starch. Food hydrocolloids, 25(7), 1702-1709.

Light, J. M. (1990). Modified food starches: why, what, where, and how. Cereal Foods
World, 35(11), 1081-1092.

Majzoobi, M., Radi, M., Farahnaky, A., Jamalian, J., Tongtang, T., & Mesbahi, G. (2010).
Physicochemical properties of pre-gelatinized wheat starch produced by a twin
drum dryer. Journal of Agricultural Science and Technology, 13, 193-202.

Mariotti, M., Pagani, M. A., & Lucisano, M. (2013). The role of buckwheat and HPMC on
the breadmaking properties of some commercial gluten-free bread mixtures.
Food hydrocollo_ids, 30(1), 393-400.

McCarthy, D., Gallagher, E., Gormley, T., Schober, T., & Arendt, E. (2005). Application of
response surface meihodology in the development of giuien-free bread. Cereal
Chemistry, 82(5), 609-615.

Meiners, C. R,, Derise, N. L., Lau, H. C., Crews, M. G,, Ritchey, S., & Murphy, E. W.
(1976). The content of nine mineral elements in raw and cooked mature dry
legumes. Journal of Agricultural and Food Chemistry, 24(6), 1126-1130.

Mendoza, N. (2005). Coeliac disease: an overview of the diagnosis, treatment and

management. Nutrition Bulletin, 30(3), 231-236.



91

Menegassi, B., Pilosof, A. M., & Areas, J. A. (2011). Comparison of properties of native
and extruded amaranth (Amaranthus cruentus L. — BRS Alegria) flour. LWT
Food Science and Technology, 44(9), 1915-1921.

Mercier, C., & Feillet, P. (1975). Modification of carbohydrate components by extrusion-
cooking of céreal products [Wheat, rice, corn]. Cereal Chemistry, 52, 283-297.

Minarro, B., Albanell, E., Aguilar, N., Guamis, B., & Capellas, M. (2012). Effect of legume
flours on baking characteristics of gluten-free bread. Journal of Cereal Science,
56(2), 476-481.

Morris, E. (1995). Polysaccharide rheology and in-mouth perception. In Stephen, A.M.
(Ed.), Food polysaccharides and their applications, New York:

Academic Press. .

Nakorn, K. N., Tongdang, T., & Sirivongpaisal, P. (2009). Crystallinity and rheological
properties of pregelatinized rice starches differing in amylose content. Starch-
Stérke, 61(2), 101-108.

Nishita, K., & Bean, M. (1979). Physicochemical properties of rice in relation to rice
bread. Cereal Chemistry, 56(3), 185-189.

Ozola, L., Straumite, E., Galoburda, R., & Klava, D. (2012). Application of extruded maize
flour in gluten-free bread formulations. World Academy of Science, Engineering
and Technology, 64, 883-888.

Powell, E. L. (1967). Production and use of preéelatinized starch. In Whistler, R. L. and
Pasxhall, E. F. (Eds.). Starch: Chemistry and technology Vol. il. New York:
Academic Press:

Prabhavat, S. (1987). Seminar on mung bean at Ambassador Hotel, Bangkok, 16-20
November 1987. Bangkok: Ministry of Agriculture and and Cooperative,
Kasetsart University, and Asian Vegetable Research and Development Centre.

Pruessner, H. T. (1998). Detecting celiac disease in your patients. Journal of American

family physicians, 57(5), 1023-1044.



92

Purhagen, J. K., §jod, M. E., & Eliasson, A. C. (2012). The anti-staling effect of pre-
gelatinized flour and emulsifier in gluten-free bread. European Food Research
and Technology, 235(2), 265-276.

Ribotta, P. D., & Le Bail, A. (2007). Thermo-physical assessment of bread during staling.
LWT-Food Science and Technology, 40(5), 879-884

Ribotta, P. D., Ausar, S. F., Morcillo, M. H., Pérez, G. T., Beltramo, D. M., & Le6n, A. E.
(2004). Production of gluten-free bread using soybean flour. Journal of the
Science of Food and Agriculture, 84(14), 1969-1974,

Rohaya, M., Maskat_, M. Y., & Ma'aruf, A. (2013). Rheological properties of different

' ‘degree of pregelatinized rice flour batter. Sains Malaysiana, 42(12), 1707-1714.

Ruel-Gariepy, E., & Leroux, J.-C. (2004). In situ-forming hydrogels—review of
temperature-sensitive systems. European Journal of Pharmaceutics and
Biopharmaceutics, 58(2), 409-426.

Rupp, P. C., & Schwartz, S. (1988). Characterization of the action of Bacillus subtilus
alpha-amylase on sweet potato starch, amylose and amylopectin. Journal of
Food Biochemistry, 12(3), 191-204.

Santos, E., Rosell, C., & Collar, C. (2008). Gelatinization and retrogradation kinetics of
high-fiber wheat flour blends: a calorimetric approach. Cereal Chemistry, 85(4),
455-463.

Schober, T. J., Messerschmidt, M., Bean, S. R., Park, S.-H.; & Arendt, E. K. (2005).
Gluten-free bread from sorghum: quality differences arﬁong hybrids. Cereal
Chemistry, 82(4), 394-404.

Schoch, T. (1964). Swelling power and solubility of granular starches. In Whistler, R. L.
(Ed.). Methods in Carbohydrate chemistry, Vol. IV. New York: Academic Press.

Sciarini, L., Ribotta, P., Leon, A., & Pérez, G. (2012). Incorporation of several additives
into gluten free breads: Effect on dough properties and bread quality. Journal of
Food Engineering, 111(4), 590-597.

Segura, M. E. M., & Rosell, C. M. (2011). Chemical composition and starch digestibility of
different gluten-free breads. Plant Foods for Human Nutrition, 66(3), 224-230.



93

Shaheen, S., Harun, N., Khan, F., Hussain, R. A., Ramzan, S., Rani, S., Khalid, Z,, ...
Zafar, M. (2012). Comparative nutritional analysis between Vigna radiata and
Vigna mungo of Pakistan. African Journal of Biotechnology, 11(25), 6694-6702.

Sharma, S. (1981). Gums and hydrocolloids in oil-water emulsions. Food Technology,
35(1), 59-67.

Singh, H., Chang, Y. H., Lin, J.-H., Singh, N., & Singh, N. (2011). Influence of heat—
moisture treatment and annealing on functional properties of sorghum starch.
Food research international, 44(9), 2949-2954.

Sivaramakrishnan, H. P., Senge, B., & Chattopadhyay,'P. (2004). Rhéological properties
of rice dough for making rice bread. Journal of Food Engineering, 62(1), 37-45.

Soison, B., Jangchud, K., Jangchud, A., Harnsilawat, T., Piyachomkwan, K., Charunuch,
C., & Prinyawiwatkul, W. (2014). Physico-functional and antioxidant properties of
purple flesh sweet potato flours as affected by extrusion and drum drying
treatments. International Journal of Food Science and Technology, 49(9), 2067-
2075.

Steffe, J.F. (1996). Rheological Method in Food Process Engineering (2nd ed.). N.P.:
East Lansing, Freeman Press,

Takeda, Y., Hizukuri, S., & Juliano, B. O. (1987). Structures of rice amylopectins with low
and high affinities for iodine. Carbohydrate Research, 168(1), 79-88.

Tang, D., Dong, Y., Ren, H., Li, L., & He, C. (2014). A review of phytochemistry,
metabolite changes, and medicinal uses of the common food mung bean and
its sprouts (Vigna radiata). Chemistry Central Journal, 8(1), 1.

Upadhyay, R., Ghosal, D., & Mehra, A. (2012). Characterizétion of bread dough:
Rheological properties and microstructure. Journal of Food Engineering,

109(1), 104-113.



94

USDA National Nutrient Database for Standard Reference, Release 25. (2011). Nutrient
data for 16080, Mung beans, mature seeds. Retrieved September 20, 2016,
fromhttps://ndb.nal.usda.gov/ndb/foods/show/4694?fg=andman=andlfacet=and

" count=andmax=25andsort=andglookup=mung+beanandoffset=andformat=Full
andnew=,

Wieser, H., & Koehler, P. (2008). The biochemical basis of Celiac disease. Cereal
Chemistry, 85(1), 1-13.

Witczak, M., Juszczak, L., Ziobro, R., & Korus, J. (2012). Influence of modified starches
on propeﬁies of gluten-free dough and bread. Part I: Rheological and thermal
properties of gluten-free dough. Food hydrocolloids, 28(2), 353-360.

Xu, J., Bietz, J. A., & Carriere, C. J. (2007). Viscoelastic properties of wheat gliadin and
glutenin suspensions. Food Chemistry, 101(3), 1025-1030.

Xue, J., & Ngadi, M. (2006). Rheological properties of batter systems formulated using
different flour combinations. Journal of Food Engineering, 77(2), 334-341.



MANUIN




L L4 o -]
nsaAsIzadalsznaunaail
1. AN U FAsEinNAa AOAC (2000)

1.1 aumauzdmiimeanadulufeusiFauiigoumnil 105 awraaides

1 2-3 Falus ﬁ'manmnﬁﬂu'l.d‘lf”:'lu'f.nQmmwuﬁuuﬁamnﬁuﬁaﬁmﬁn
nI/ o 1 [ a s Aﬂl ] O” o A

1.2 dasanatinawl 2 nfu aslunauzesgiitleniidhunisauauwitnninah
waztiufinuiniuduen

1.3 ihhlevlugausbaunguuungil 105 asrnaaded Uszanod 5-6 42l

< 0” o di A" v & 4" 1 4 .Iz 0” s

vraautiminaa ieldululogeanamy uaadaiwin

AU

(umiinAastnnauau-minAaataMAIaL)
X 100

¥ & ¥
Sanavan il (Insdwninidlen) = —————
umingandwriauey

v g & .
SasazAanyaulnsiwminden
x 100

¥ ¥ g A
FRHATANINTU (Tmﬂu'mumﬁﬂn) F - p S
(“ OO-TﬂHﬂZﬂQﬂué’uTﬂﬂu’munlﬂﬂﬂ)

2. danallshu Fias1eiamuas AOAC (2000)

21 Famadaauls 1 nfu Buaznzdafaaniauuiia 4u0u 2 Wia uaz
nandavfinudiaiiu (Gaeias 98) 1hunns 25 faaans ldlumaandmiudas

22 ilidenneliAtesdaslsiuluganaiu desausizazaiafidinla
Whalifld fafiliauduiigumniies "

2.3 ndrsazanansauainiiinduieaas 2 1unns 60 Nadans 1dluaan
siliny (Erlenmeyer flask) 21U 125 adan7 uatiAnBuAAmas 3 vaa e lidiniuy

24 thdndendu Tlfdulansresgunsimuniuiuasussazananse

25 tarrazargldinmendunsalalasaaednidindu 0.1 uafuaa auld

ANsavANE @Yy Uasn1 Blank iWuiRgaiusanging



97

AU

[(V, =V, )(M)(1.4007)(5.71)]
w

Yauavaaalilsiu =

Fums (Naddang) m'aqmsazmﬂmmgqunm‘la‘imﬂaﬂ?nﬁlﬁ

V1
Tnmsanuslatine
das

vV, = s (NadanT) *Mmmiazmﬂmmgﬂunm‘la‘l‘mﬂaﬂ?nw'lm

sy Blank

M = aodindiu (wand) aevansazanesinsgiunsalalasaadin
W = damineratraduiiadniy
5.71 = Conversion factor 484072

3. Wsaadlasiu Siasrziaads AOAC (2000)

3.1 &1 Extraction cup ufaumauiiqmni 105 asrnirales w1 g
theanangauldEliulogaannadumdenniudninnindaiwin

3.2 dadadn 5 niu Wdaslumaaadmivildaangng (Thimble)

3.3 tmaeasantinaldidinlillu Extraction Unit iingnsiainazateinandan
awmaf aelu Extraction cup AauLfi

34 Vienwawinnsainluiuainsetiamalsyainn 3-4 dala

35 nawanillasddmasaanannlaii v Extraction cup wasladuliley
ﬁfqmuqﬁ 105 sernTadug win 1 fali whadaiwin

AU

dminluiulusnatne (n5)

Zasazaadladu = x 100

UminFene (NFN)

4. Banandals Hirszinaidd AOAC (2000)
4.1 F95natine 1 nsu Mdasluiininafaunm 600 NadaRT AN Sulfuric acid

0.128 M 151A7 150 Aaaans WAaAN n-Octanol 2-3 vaia sinliRanlunan 30 u



98

42 nsesstnattausiulioansaquuuuiia (Fiter crucible) Enefaetia
auaunsziaiinmumanuiunge

43 dranandlEluiinmnesludndninunadenlaasanlamBEun
200 Nadans fulifmamdunar 30 uh

4.4 nravreTsautnutqansaswuLwia (Filter crucible) SuAngnaFaningau
aunszitdamaiusng

45 vifiatngad (Fiter  crucible) leuliudivlufeuauseufiguugi
130 aeATa AU 2 Folus mmfuﬁ'ﬂﬂLm'lulm'auﬁfqmuqﬁ 525 aeATAIT A
v 3l ﬂwm'lzﬂuinqmﬂfnué{u Rel5Wiu udndainnin |

AN

W, =)

; (
Yasazaaafialy = X100
W= mingaeteEuRY (nF)
w, = 1Rnaudialaftindsainisau

w, = Bunantialanlinaaainismn

5. WBanandiale Sinszriniana AOAC (2000)
5.1 111 Porcelain crucible Tl luinmnguungfitlszanns 500 asAaadea
w1 daT ﬁyq'lﬁtﬁu’l.u‘[nqmmm’h‘”uuz’iqaf\ufwﬁn
" 52 desratin 2 nfi Wl Porcelain crucible Fnsuiwiinuda tirluinuy
Hot plate  Auldfiaduarudaduindaadalalumiinnguungfidszunn 500-550
avATaidea
53 wfaataunseialEiinde1e (@1autuie 6 4aluq) Faldifiulu

anmﬂmu{uuﬁoiaﬁwﬁn



99

AU

A—B
Sauazaaadn = ( )x100

W
A = wwmindoy + fin
B = twindog

E

W = uuinsinasinanauln

6. AanIsATAIdT (WS)) uazaTinmegaguul (WAI)
AatinsavanatuazATiinigadln (Water Absorption Index ; WA and

o ]

Water Solubility Index: WSI) a1/334184 Anderson, et al. (1969) Faantiulla 2.6 niu 14
mathaullslumaanuitsauindiuiguinans 2.5 WiuRmAsTnsLtinin @arhindu 30
fiaddns wanlidini uaziagdmng 5 Wik e 30 Wi il At eamuwieed
2,200 sauAe dunan 15 it mdailaaslufanargiidandinsamiwin dlileuudie
fgaumnil 105 asAEaidaa w3 daluniaaundimeisazudiainuaziiinina

° J’ A” -1 ol/ oy ar .l; o’l [ i
inlidutilulngaacoudi Adliifuudadaimin uazdaiminaznauulluvaanmie

AU

0“ o o/ [ d‘ 9”
o » wminFaatnduiaraeln
ATUNITACANEIUN = e —— x 100

UINUNAIDLIUTHAU

4 H i 4 . H
o oy WIMINUABAMKUIIEINFENAZNEY - WIINUABAMI WAL
ATUNITIRATUUN =

tminsasinadus

7. MAIMSNAIRNARENITAzAE (Swelling power and solubility)

Tnedasinatinanls 0.5 nin Wsredulunasawiasauadutirguinans

k4 U ;4 [
25 WuAWAT WNwnauEung 15 fadans thldudludnatiiacuanguungiin 9s
asreIadag wiu 30 wi v lUfuwdsefaniaas Centrifuge ANIE25AL 2,200 TaLIAR

¥ Wunan 15 i antumdaulasiuuuldluntgue (Moisture can) insusinmiin



100

ey lHiusingomgil 105 avasadea w3 daluaitaaundviadnazuiaiinuasi
0” o i L4 g 4" A’l s" 0" o | o "/
wminad dnliliiulElulogaacedu - Halfidundadaiomin douinnaznauitunda

wmin IaNIATUIERTINNTNANA
AU

£ 24 ] }
. wmindaunazanain
TRUATIBIMINTANY = —p———————— x 100
dminAaasieGufiy

0” o d‘ o
dandnuileninasin

o’

SRBATNIAINIINANGI =

O” o’ o ] sa' b 73 0” o o 1 Aa‘ b 74
UMUNFRENLTHAY X (100 - UINUNAIDEINNLTNAL)

8. AMANLANIAMNGAU
Tt lfiAiaq DSC (Model DSC 1. Star System, Mettler Toledo, Switzerland).
ARABYd Li, et al. (2011) dnmaurzasmaifanaIiiud Alassilanidtes DSC witen
inatinnglddaadnauls 7 Jadniu a9l DSC aluminium pan [Faiangu 15 HaRans
avliusrasing Tnchliatin anifuinhiniiguvgiitesiune 24 falie Wersuiaan
AvhwdareianiEnsfmaatiluedy Tnsduangumgd 30 81 150 asAaTadas
ﬁ'ﬁmqmﬂﬁ'ummqmuqﬁ 10 asraaidaanawl Taeld Pan 1lan iy reference Aaszsf
ﬁﬂqmuﬁﬁﬁ"ﬂﬁu (Onset temperature, To) gruunigIqn (Peak temperature, Tp) GOUMNH
Qmﬁw (Conclusion temperature, Tc) wasAUNGAL (Enthalpy, AH)
9. ANANIAAIUANUNLA
Tmﬂ‘l"ﬁm‘?‘m RVA (Model 4500, Perten Instruments Australia Pty Ltd. s.,
Australia) mMN38n19189 Newport Scientific Method 1 (1997) Tnaisidandangne 3 n¥u

. . ~ O’I olf =y -~ LY o o J
1414 Aluminum RVA sample canister RutNaUBNNAT 25 RaRARTUATINIATIZTAIT



101

A

\Ian Uszinn AUNYN
0:00:00 qomni 50 B9ALTALTeY
0:00:00 AL 960 TaLABNNT
0:00:10 ATNIEATRY 160 78UABUH
0:01:00 gomni 50 avATaIdaa
0:04:42 omai 95 avANTaLTaa
0:07:12 famal 95 asAngadea
0:11:00 QLRI 50 a9ATA LT

U
<4

TufinArg oA Bufutaniafinaiumila (Pasting temperature) AMAMMULlA
qegn (Peak  viscosity)  ANARNMUANATNTBIAITAgugALazAmMilARNqA (Break
down) AR NNTAgATing (Final viscosity) uazAnsAusa (Setback viscosity)

10. nsidgdnwaadlilsiu (Protein denaturation) 1meAE Nitrogen Solubility

index (NSI) su3Guas Shaheen, et al., (2012)

Taenfaninnau 200 fadans lusaadaautds 0.5 nfu wanlidriuiuoan
45N 150 pH - lfiiay 7 udalAutianauanliiBunns 250 Haaans wanlidingu
amAninangiuans 40 Hadans hituwiadaatrie Centrifuge A2MN3938Y 1,500
sauseund flunan 10 wai wannznavuuazdiulanananniulngnseedaulasauuy
rungzansnsaali i iunns 25 Tadans deinlUdinssiliualulnnauion’a
wanYa (Kjeldahl method)

AU

. » Amaululasiauludiuseanaamilansnay
5RLAZNITATANENN = - - x 100
Aaululasiaulusoatinauls




102

'3 al 4 ar o .
1. aaniaraitulindiasdludainaaidias anudasdsann Kim,
et al. (2012)
fntilAzadRheometer (Bohlin Gemini 200 HR Nano, Malvern Instruments,
United Kingdom) AtasnzAraanuvilazaqutle (Steady shear viscosity) Saldiviadn
iilauuuniaGay (Parallel plates) manadueiuguinad 40 HafinT svazinersnIn
¥asn 1000 llAsims n1aandn 25 addTalded NOnsRaU (Shear rate) M3
0.001-1000 s™
2 n )
12. nsulaguuiladlaseaiialuvsaaudaaasiauls AatAsae Polarized
light microscope MX4300H, Meiji, Japan)
=l 0” b 73 | 73 74 ﬂy o ' ﬂ” o/ oy
wrgninTaaudindviasay 0.5 (Tnstianinaatiinin ueauiuleasuu
ueludlas 1-2 ven wazilafasnszaniaalasnisinaudinan ladonsuuunaaniifinuasses
v < :: o’ o 73 ) 3 v L
nRe3qaNITALl aniuliuanuandanasnInidadranndauienae liuasiwantsd
2 v
13. Usansaunilalngldnisununsoaiuanan (W1ATIIURAFINNTTH.,
2524)
nsmsasauA i Tneds Rapeseed displacement Miwdnslumsunui
AaudasmudTuag wan. 374-2534 n13dnanFunnmnlnadnlFunnsaanigus AaannsiRN
waa ldunaus tandmEuansaaananai ldluniaue InamaaenosnssuanaNnian
wdaBunms  ldaunileiidunioaslunigusinsuFuansraauana nNWana i
1 3 v v } 74 o | (-3 d' v oa 3
dasinriadnuaatinsuasiruuuaasnaus dmbBuinsredndnan ifuadllioun

AU

1Bunasaunl = 1BunsanGudiu - Buinsamdununaeuul

14. madszifiuandniRnNanHUsANAE 1T texture analysis ARWLIASAE
1N Hera, et al. (2013)

Arnsianmslfirreedniiaduds (QTS 25, Brookfield, England) 14#ain
wuuna mnaduruAugnan 25.4 Tadwns faedEn1sdaunn Texture Profile Analysis
(TPA) un1s1Hiusens (Compression test) avUUsNDEINEIUNT 2 A% naadliluszes
ﬂ“'}mﬁw'fmmmqwmﬁoﬂﬁw Faspnuiiaindn 2 fadwassaduni Inglddounsanans

aaafiauaunils Alaaunun 10 Nadwns Siaseiatanude (Hardness) Anuseifiasld



103

Tunrsinliidaadnau@egl ArAnnainsainizsansiaiii (Cohesiveness) At 1BLILIATAY
Fanfenansadagiaufiazfiamsunnin ANNIIMUAENTTAEY (Chewiness) A wsaiililu
nsALnauafaatsaunssia@agl Aaanuiiaugy  (Springiness) A dmsn1sAu
fadedamguil intuidenauusiiugaean Aarumiauduaaiten (Gumminess)
Aa wseiidiaal¥lunisuandaadreiduisecudsaunsziadegd Taadludoatae i
Hardness fuazil Cohesiveness N
15. Maszvdresiiarunda (Crust) uszi@anuan (Crumb)

1A IR HaniAtad Hunter Lab 1 Tlsunsu Universal Aiazazsidn LY, a*, b*
Tralfiand L+ 1iludnAa madne (Lightness) And a* luAndunsuazRidian (Redness/
Greenness) WAZANA b* flupndmaasuas@tinfu (Yellowness/Blueness) indaaginqaita
UrAsnngiaindasilagaduaumiaiang e 4 A Mnnsieset 3 41

16. AnwAmaNisualn (Dough rheology) '

WnsAnEAusNTRTela AnwadIFaIn Sciarini, et al. (2012) Katetag
Rheometer (Bohlin Gemini 200 HR Nano, Malvern Instruments, United Kingdom) An®AN
Storage modulus (G"), Loss modulus (G") Wa¥ Loss tangent (tan &) 913w Parallel
plates Tunaduruguinans 25 Tadwns wirensaetniarasunlulmaAsnnguauain
gRINIRTTIU et binda@asidinll wnld 15wt newtinlinglFzzning Plate uazin5an
5 unl aniudnusislagauiliAueenfianent Plate fauiuninsu

11 Viscoelastic linear range Tagnssaatquuuyiuaand e ufainnisdnan
G' Lﬁiﬂm‘ﬂw Viscoelastic linear range Tmﬂﬁﬂuﬁﬂ Strain sweep a7n 0.1-100%, Constant
frequency 1 Hz uazgnmyi 25 a9A I Taidea

%1 Frequency sweeps test Alaszilngld Strain 429 Viscoelastic linear
range [ Faninedin) Tnafminssazinessudaiadn 2000 nlasiuns $99R2WE 0.1-10
\FemFuarANLATER (Strain) 0.05% uazgnmnil 25 avdmafus (MageuuLvuviali
usansein lunAnadudteen (Oscillation)

18. AusniinwAnNFau ReAnmnafisilnsinsduszuitanisiiu
Snunlnel9iAsas DSC (Model DSC 1. Star System, Mettler Toledo, Switzerland)
pauwlasdfeas Li, et al. (2011); Ledn, et al. (2006)

GuarnAnsianrusaaanistiaaanslud lnadiasieifaaAsas DSC

wirausnatelnaldiaatituds 7 Nadniuaelu DSC  aluminium  pan  LANUINAU



104

15 faaansadlllusaeting Jadliatin aniuinhhishgoumgiiiaadunan 24 42lu
iHlaaruaandnindinnsianiAnisifiaaariluirdu TnaGuaingungi 30 fie 150
aeAngaidea AdnsInaafinaesquund 10 evdangaduadeurit Taald Pan  wldn

L] o« . | ol/ o < 4 ] = s =
iy Reference  #mFunaniiaiinsinsiadunnlagiiu Pan  AiiuNIsIATITENNSLIA
e lududin Tingaumgi 25 esruaidaa Wuszazinan 7 AU SinmzidguuniiGuiu
(Onset temperature, To) fmRgedn (Peak temperature, Tp) famyiigariie
(Conclusion temperature, Tc) uazAaunIall (Enthalpy, AH) uFeudeuAnNuANsg

“NINTUT 0 Uazdun 7

° S o2 £ Y . . ) . )
19. mmuqaumémnum mINAGa9  Bacteriological Analytical Manual

Online, 2001. Chapter 3, Aerobic plate count. USFDA. 8 pp. (http://www.cfsan.fda.gov)
wireusednelnedasinacing 25 niu 1dluge Stomacher 1A% Peptone Water
Sagaz 1 4100w 225 Hadans uioi lAnan 1idamuag 1 uil drazatasednnliasi
= 1 o -1 P 1 = o ] vl < A‘ dy
ANMNIARANIATL 107 (1AB]N4 10 Win) wiTandnsazattfdang iNANNIReANUL NI
100, 1,000 Uaz 10,000 W1 (Faatinaiiponaidindu 107 10° uaz 10 mua) WiaTeAL
AR TN zay Ineflulaiednediaciuidaans 107 4auau 10 Hadans ldluaand
o - —a ] J Ql/ o’ ] o’ -,
anrazanavadiaiines 00 Aaddns wehlfimenszanevian azlfaudindiuwviagu 107

° = o = o ] e‘ o v v d; 3 ©
wazRntuAgafiuluniszaniaadiaisziuaainduau antduiinimasauing
o ) ) — e J’ i J

Dulashatnsaandinduas 1 Nadans ldasluarumizidailaani@a Annudinduas 2 au

-

J ‘JJ -=id a 2 aa
IaMNTLaENLTa Plate Count Agar (PCA) NNQIUNAN 45 asFTaLTEa AU 15 HaRANT

U L4
o o

' dl J’ © i d‘ 2 o [] - -
sanilaatuinizi@a Iaaialu Laminar  Flow Autnantia liifaast 1 ATEANENaNeanu

o ()

. 2 . P N . oA z
sesaEwidaiRetnuliunauntsmanwIsaaida PCA liaasiAu 15 unil Aal5H
J’ dv 3 o d' % 4 ar J’ } 74 J’ { ] v L] [
awnadendaudeiaiguugiifies nduanumzidalfemnsdeadeatnefiuuu by
] J { - ;/ o’ _ J’ {
Tudtindefigomnli 35 asrngadas w48 4ol aravLqAuiTluA WAz T el
Aquautlszaunns 25250 1aTadl tufinuazsaeunanimasatiuidnuanialaiidaniu

et (cfu/g)



105

20. MUIUTRAUATST ANNITURY Bacteriological Analytical Manual Online,
2001. Chapter 18, Yeasts, Molds and Mycotoxins. USFDA, 4 pp. (http://Iwww.cfsan.fda.gov)
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