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Abstract

Rice pasta is product that has been developed for people who are allergic to gluten in
wheat pasta. Typically, the product has high starch with low dictary fiber. The objective of the
research was to increase the dietary fiber econtent . insrice pasta via a combination of extrusion
process and methods that possibly increased the highest amount of resistant starch. This would
make the rice pasta become more functional food. The resistant starch is normally undigested by
enzymes produced in the small intestine similar to dietary fiber so it facilitates regularity, decrease
serum lipids, reduces the risk of arthrosclerosis, heart diseases, and diabetes. The acidity in the last
part of the large intestine is increased through the degradation of the undigested starch by bacteria
in the large intestine into short-chained fatty acids resulting in increasing the fecal bulk and
softness. From this study, rice flour that were pre-treated with amylase increased up to 65%
resistant starch in cooked rice pasta when it was mixed with untreated rice flour at 5-7% level. By
this technique, the rice pasta can be qualified as fiber food as the total dictary fiber based on

resistant starch was higher than 2% compared to 0.85% in regular rice pasta.
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%ullmuumﬂelumulﬁ LN@THWHTV]LLEYJﬂi@uT@“’l]g’g]ﬂf]ﬂG]ﬁJﬂﬂ‘]J!,"lﬂgiNﬂ?ﬂ‘l/lﬁ?]uﬂaiﬂsllﬂﬂaflﬁ

< a A Y 9 a1
180 (Chezem, Furumoto, & Story, 1997) M35 Inao1misnltaulege iauleemstaiuluns

o =< Y a o 9 L akx A I 1 1 % 9
VAVIWNNITYABNVDIUIA 1/1ﬂwmﬂmmamaamm@anJumuﬂizﬂﬂmggﬂﬂm%ﬂmwmu

% ~ = @ 9 [ d‘ 1 1 o ?z’/ 1 < =3
ﬂu%mmnmumzm%ummmgmmw LllﬂiTQﬂTﬂﬂﬂﬂhlleiJuﬂiﬂ@]@llﬂﬂ%3@1\1?’]@6
=

4 I ¥ o S '
Laﬁm’ﬂii’]aﬂﬂﬂlﬁi’]m"lﬂa”liglﬂUﬂiﬂlﬂﬂ VlTiﬁ}ﬂ33J1i1!ﬂaﬂlﬂﬁm@ﬁﬂaiui"lx‘lﬂ"lﬂaﬂaﬂ ﬂallﬂ“llﬂﬂ
~ = [} s 2 1 I A
msgﬂaEJuu,'iJaﬂuﬂ"liﬂﬂmmamaﬁmm@aGlui"mmﬂmgysmu 1!151]3LTJULW?”IS%J@"IW"I?V]?WE‘HEJ

) A oY o q ¥ = oYy 1 Y Yy o
m!,sﬂmsma@ullmmmaﬂﬁ VI”IGI,W@"IW"ISE]ﬂffljﬂ“]fllﬁ]"lﬂa”lllﬁlaﬂﬁ'luﬁullﬂuﬂﬂaﬁ LUASYIFIYAA

A o H '
NMIAATNYDINADIATIADIDAINE 1] Iaetiumsdun1eiialieana1ns19neniongasy
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(Anderson, Jones, & Riddell-Mason, 1994)1Jﬁ1ﬂ;;]mmfvﬁuﬁu,ﬁﬂﬁullﬁ’umw%ﬂ’aa %uagjﬁ’u
yHavealee1ms Ysuaazszeznaivesnsus lnaduleems mwﬁ%ﬂﬂ?mmqmﬁxﬁ
- 2
AU
mﬂmiﬁﬂyﬁ{i’ﬂﬁ’ﬂuwyei'uaz67@15%ﬂa'e']qgﬁamﬁaummﬁw‘i’mmaﬂammiGﬁﬁﬂﬁ'wq
Aemsanszsuaasiamansoalu@en namsAn U leomsiazaoihaisnansedu
AnoAmeIoaludoAuDILYEY LazAaoaamosoa luhen tazduueIdainaans daulug)
dnsnanszaunaoladinosoaludonoglusieiosas 5-10 uazanszauAaDIAdINDTOA 1A
(i) fjﬂﬁﬂ%}i’)ﬂaz 25 (Anderson et al., 1994; Glore, Treeck, Knehans, & Guild, 1994; Jackson, Suter,
& Topping, 1994) Tushueadediu msdanyiwaveslduiledrumumsdosdroen loily
sUuDVA19Y TnadensanszaunnoadA0I0a lUADATDIAATNADUTUIRSINU (Decker,
Kloots, & Amelsvoort, 1993) ﬁmu%’a“luwmfﬁijuﬁfuwammms"lfff’@mﬁﬂismmﬁﬁ@z"lﬂa
agaiiudladumunisdesdason laslifludmmay  (Behall, Scholfield, Yhaniak, & Canary,
1989; Reiser et al., 1989) :nnsnaasdlinuunans Inauilsinnee: lulaags ﬁwma‘vxl%”ﬂ
Tna uazuilednTnaes luTaad nuawisaansesunaoaamesoaluden’ld nan1sAny
A19AUD4 (Heijnen, Amelsvoort, Deurenberg, & Beynen, 1996) Wuiﬂuﬂﬁjuﬁ”mfiwwﬂw@ﬁﬁmi
Lﬁ?mmmiﬁwmaﬂgiﬂﬁ raw high-amylose cornstarch (RS2) L% retrograded high-amylose

cornstarch (RS3) HaamM313 InanUIszdvaas@anoioalimea luuanaiany

4. AwmuzindamSuszaumsuslaaniladumumsdendiganlasi (Recommendation for
resistant starch intake level)

AUAITINAAINUDY ANZNTTNATVDIOIMTIUAL [AFUINTUNIAHTFOINT NI (The

U.S. Food and Nutrition Board) niatlsznnduleemiseenitly 2 Usvian Ae dietary fiber L101

functional fiber #45AYUIANAIITY Dictary fibers 115Ny IR T50 A Iuftadin uazda

i q fudlsznovvesormsmiTulansad ligndes ifesutlseniudh 1y Dietary fibers

9 1

wrnihmes llaaeaszuumsdese1ns uazae i anduies @91 Functional fibers
a3 14 ~ [ ] 1 Y] o 9 [ . 1 [ d A
WuasTulamsan ligndeamunu auadienty dietary fiber 1AIZU19INNMTTUATIZHNT D
[ AR [ 1 a =Y d v PPN
WNNUHAIETINA Feau Ivgezgniavas llaSuluens Twwesduasizii@uasens
3 [ a 4 . 1 % 1 H
1ldun WznTaTed Tnuwanlsa (FOS) Feliodluormisnauny A10619u04 functional fiber N7

] a A a . = v A Y ] o =
DYATUTITUYIN AD INAAU (pectin) “]NQﬂﬁﬂﬂ@flﬂlﬂiﬂﬂlﬂﬁflﬂﬁhl‘!flﬂﬂ1LLEJlJLLa$L%aﬁ
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ananauleermsnmanzannusame

d’ A
NOFUNINNA

o o a v
sumeaus1sniudeans Inaovisnidule uazisuanduleo1visn
1 @ [ @ [ o [ a @ o @ < @
519mMeA25 15 uAD TuAD 25 N3N AMSURNA naz 30 nFu dMTURIE vaziandy 1-3 ¥
Y a 9 A [ o [ < v 1 Y
aoan1sdTuanduleoinisegn 19 nin dmswanlauaziogu doan1s 22-38
N5N AMZNITUNTVDIDIMITHAE TAFUINITURIANSTOIUTN (The U.S. Food and Nutrition
Board) l&l¥suuziindernvdsuanduleeninianenis 1asuluuaaziu asuaaaly

~
ATNN 1

M 1 Snaduleomnsnmnzaunuitamenimsuuziin admsulszans luuaas

FIN0

31101 dietary fiber N319718ABINMTABIU (NF)

) 9 {0 AN
1-3 19
4-38 25
9-13 31 26
14-18 38 26
19 - 50 38 25
> 51 30 21

N: Anderson, Perryman, Young & Prior, 2011

o w

NLEA (The Nutrition Labeling and Education Act) I@ 1f1917AANMN83fURaInNLEas

= 1 AA A [ 1 ~ ] A YA J r}y.:
Psualeomsn luemsnidsualeoims 2.5 nfuaenilaniieus Inaline1e1misuu
I [ { { =Y r;y.l (% 1
Huunasensdulend (good source of fiber) tazomisniUTmandulenaviua s niude
. ] A [ 1 1 = . t ] A 3‘,
witamineys InadefluunasomsnTUSuandulega (high fiber) Farilaniineus Inariu

Y v [

AUOYNUTIUAVDI01115 UTurme1misnilanuleys lnafiszylunainIayuinisves
a o ' o = 1 A Yy a ' a ) o
HaafauaNe1mMIMruAnnSInaiianileus 1nng1989 ileus Innvese1ns laena l1as
~ A A g Ay g ' Y 7 aw o
waaeluaisah 2 nansaesuduleensvsendadiumunisgesaioou lsyd Tundsaad

' A A 9 A = a2 Y a [ 4 A A A dy o =
NAUIATDIANNIDUAY Wiflﬂ1‘ilﬁii~llﬁuﬁlﬂﬂ1ﬂ1‘iiuNﬁﬁﬂm“ﬂ@ﬂ/ﬂ‘i@uﬂV]iJﬂ’JHJ%L!GHﬂ\?
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[ o ] a [ Y 1 [ A dy =
sEAUNA1e Med1auesNandaal laun yuuey TNy tavesvURed Taude vulilsa
d" Jd o =\ k) o A 9 v @ o v 1
Ann uaInines ¥lila uazian ey uduloeiriserauanaany aregrausulug sl
1 A Y ' P ' v &
1 nImsauduleeimsnavua (TDF) ad lduinnai 2 wesidudausanainldiuilu
v H H 9
pmnsniduleemns lulSanmuadly ermsnimaeudulesn1snavua (TDF) 11N
P ' v Y A A g A~ Y
3 lesiFudaiuisanaid ldinermistuduerimisnmundule uazermsninisaudule
' P ' V1 y g Ax g
prisas luinna 6 efiduaamisanan lanomsuuiiuomsniiiduleo1niisge (Yue

& Waring, 1998)

1 o =Y v 1 a H a [ 4
M3 2 mstmualsuaemsuilaniaeys Inafiszyluaain Tasuinsvesndan us

RENHP]
Product Serving size
Beverages 240 ml
Bread/Rolls 50g
Cereals/Snacke 30g
Cookies/Crackers 30g
Brownies 40¢g
Layer cake 80 g
Muffins 55¢g
Pasta 55 g (dry)
Waffles 8¢

A17: (Yue & Waring, 1998)

= a Y| Y 1 % J
5. mﬂiuiaﬂmswamn]emumumsﬂaﬂmm@u"lmu
. a é} 9 a 9 o = Y
Resistant starch ‘L!’EJﬂi]1ﬂ%$’L‘THJ1'ii‘lLﬂﬂ"llullﬂl’éNGﬂiJ‘ﬁ‘iiiJ%Wmm’J ENﬁHJTimGIiEJiJIIQMﬂﬂTi

] Y 9 asy 1 [ dy
aaulsuieneIsnsnies Al

5.1 MDA Insnsaruva il
Y

a A & Y] cadaa X A ¥ g 2 Y o~ A
ﬂ13Lﬂﬂﬁiﬂilﬂilﬂ%umﬂﬁuﬂﬁ!ﬂi‘!ﬂi"lﬂQﬂTiil!TILﬂWULlLiJﬂuTLLﬂﬂfﬁfﬂ%ﬁﬁ@uN@mﬁgNﬁﬂ

a

:, ~A a = 1 Y @ A A Y [
AN Gllil!$Vlﬂqmﬁﬂﬂ\laﬂﬁQilllﬁQﬁi’)ﬁigﬂlﬂﬁﬂzl’bﬂﬁﬁ%ﬂﬂQiﬂﬁﬂuﬁ]gmaﬂuﬂﬂﬂmﬂﬂﬁ HULASIY

U
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v 9

(% [} Y a v A @ ds! ] d'
musrewuse lalasiou sliinaaninnistaiFesdaves luanadulvi lasldeuain
o @ 3 : A g . = % ¥
anvaemsnszaeaved luananuudiuiu crystallite Feansoasrndon’ldlagly x-
. . . v 3 9| = Y Y o v A o 1 dy °
ray diffraction (Collison, 1968)0110NgnUANUANIUA MITAGT BRIV TuanamaI oz
ya o ' Ty ¥y ~ Y g ' Y v Yy 9
Tdnadnyazaznouguuy uannhwilegnianududuge wu uilidnTuaanududu 7%
E [} 4 [ v @ ] 1 d‘ d' 9 w %
Taginiin 911U TuananuIaE e IN U IMuLNNLAE IR0 UNIIINIUAUIL A INITD

2 o 3 Y o q ¥ a A2 = A o A !
Lﬂ‘]JﬂﬂLﬂll’jmlﬂ mldaanurilamiuay uaz‘lu‘ﬂqﬂmﬂaﬂymzmamauuu

I A

2 - - 2 2
msaudveuiwihiaem lazinaladdieniudldinnududugs vazna 3 %eun

Ao Y ' A Ao A o 3y 1 Y o 9 v A
BUNHUA !Lﬂ\ill@ﬁgqﬂ‘lﬂu@@51ﬂ1§ﬂu@'JGU6\1uulﬂﬂf‘l’ﬂllﬁﬂ@]']\?ﬂuiﬂﬂ‘ﬂjhlﬂllﬂﬁﬁnﬂi']ﬂ niuy

A v 9 !

o 1 Y v A y A Y o A Yo 9 (J
gasimsauarnnIuilsonnsyiy naliumszeilinnsnnsds Welasuanuieusz e
3 < ' o [ " 1 4
winuazis nazdauilauandie vl Tuananilanwiuanszaeeginalduiwdls e
Turanaoes luTadazaindaFesdanulaln vaudleoinsyie e ldsuaiuiousznosdnios
[ <3 9 9 = v ] Yya v K A Ao o n Y = v o
a1 Wanilwanifes Twanafaaisardieglndsanuiuadouniuiulnyldie Fe19iuei
] v <3 9 ~ o = [l Y o A 1 2 1 <3 Y A
Ausznnalanilaiinesdadeod Indnu wsessnneyuaivvoudauilinie Tuana oz lulad
a A o q ¥Aa g . R = 'Y o 9 .
saszvigasenu Mlinadn iy marix FOaoga0nuaIeuse lalasou azanisa
S o 3 v a A 19 o QYo Ao 3y ) A
munni 1318 msiies luTamaduegareriibisasimisaudivesimilesgndias 1iiesnin
Turanaveses luTamaauiinamuavinliingng oini luanaszmaouiiniunulngld
= 9 Ao Ao .y ¥ oy oA A
vanunuililszian waxy Noasimsaudrveniigniesniuilasiiagu vinaluana
1 a =~ Aa @ %’ §
wosoz lulaaluuiluwmasadiaiinalumanamsaudiveniuilsgndte Tuanaes luTaadd
yinanemuz lumanaeuianduny fe Tus99 100-200 witeng Tna s luanalvey wu uile
Husies luTaavualvajisguaa 1,000-6,000 ienglaa szmasuiasunulden

Y ¥ a A 1 . o Yo o ] @
sazd Twanadunu livzindou Tniogaaeainm (Brownian movement) i lAduiuenauig

d
5.2 mslanuSeunazion 1
P P ] ] A A o a A ) [ Y]
M3 laeu lai lunsdesnile inosraiuens 1 lunsnas INTnsassY 130 A5 19
4 A 9 a [ /A Y I < a A AA ]
ou'la] o - amylase toanvIa Tuanavewil naadusin Idiuuea Tadnns usiianiisyau
' o v 2 o A A o = Y Y '
mydgoedr M3 lHeu lsigeenuse Tenudlumsmudneninlumswssuuiladiuniunsgos
P { o
daou lanianuilanilsinaes luTaad
v v vy oy A D) o vy 9y 3 o Y A
m3ldanuiouumimilaneiildgn nwaziildiwilusudras Twanavesuilsn
a v A @ n v g = Y A < dy o Y d
azargenuazinanissaiseed v Iatlundnuilantanuudausanniu i lvou laidoe
vy A o ’ , Yy Ay 1 g = 9 ¢ an 2 a Yo Y Aa
Tavioeas wievmsdesdiuves Inseadren idlunandaeu laaf A5msudenlgnuuilend

Pimnmez luTadgs
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CH,0H CH,OH CH;0H
0, o) o
OH OH OH
OH o} o OH
OH OH J, OH

517 7 Tasea$19vea Dextrin

U

N1: Wikipedia, 2012

5.3 MIWNIZUINMIANNFOUBY (Heat-moisture treatment)
g . I A o
?M51¥n32UIUMTANUTOUNY (heat-moisture treatment; HMT) 1FJuIsnmsaaualsuile

Ao [l 1 3 ~ . < Y 2o
‘VINﬂWEJﬂTW'V]i]ﬂ@QGluﬂQN hydrothermal treatment 1111N151¢T83 Resistant starch Yo atHAIlaNes

a =2

(D] o Y =1 dy = o Y 9 ~
DirumssiIdgnuazinnuaudszunm 30 89 40% hnlianuieuiiguwngil 90 D9 120
= = o = o ] Y a
DA I UIULsZanal 1 99 4 92 109 (Brumovsky & Thompson, 2001) Uinavi viidanilena
A v A 9 A 1 ] 9 tg =

msasuunawaziaidoslnseaduneluinumuaemsdesusson ol lduniu msdne
mernuguantaveuilasiianis q wu uflaiudds uilsinTne uilafudrdends ulls new

Y A @ ax 9 dy ' @ o Y Y A
cocoyam Uil4 true yam AW1umsaauils Tagdsanusousununmsaaudsaziinlvniled

a a

A = ] o Y o A @ Y A é! %
ﬂm’dnumﬂaﬂu"lﬂ YU ﬂﬂwqmwgumamllummxmiﬂumﬂlamﬂuwwuu NITNBOIAT NI

azalganad (Collado & Corke, 1999; Miyazaki & Morita, 2005; Takaya, Sano, & Nishinari, 2000)

anuilupanludanile (granular crystallinity) aaa3 (Lim, Chang, & Chung, 2001) msaauls

=

9 '
Tasanudousuinanomsasunilaslaseas wwan ludandl s Taemwizudlsndnanilsznn

B 13U u‘i’jqﬂ’ml%’q (Gunaratne & Hoover, 2002; Lim et al., 2001)

5.4 NITUINMS TR (freeze-thawing)
[ < I (% A : { .
msaauls Taglganudwiunisaanlsnienmenmdnisuilsnannsonasumlag
wa [ < o A o w 1 A
auauiavewilsla lumsaaudsuilsdreanuduleteniinnudrguaslinadonuduiia
1 ¥ a @ <3 1 a H
woauil'laun anmrunazriavewil msdaulsuilidroanududinaliinamslasuuilag
o a I = <3 Y (Y [l 1 o Y a ~ a
anvuzAwazaNnuiundnvoudauils uadslinuivihldinannlasunlasyiiaues
4 o a < < o 1 {
Tassa$rawan manldsuudasanvaziveuiiauilaazanuilunani ldgmanaeundlas
v ! A ?7’ v a A
auantauelszmsvewdls wu aaauialumsazaein anumila msauda Uszaniam
1 d I 1% o o 13
lunisgndesalroeu el iudu snmsdnvinmsaaudsudlaiudisTaon1susuds (deep
. ' X 9 & a 2 A ! g = <
freezing) WUNANNTFUVOITNIluanzdndnas Tuanzusudadinasonnuiunanludia
! g < I 1 { j‘ o v o w
ufle Tasudlanfinnudugenazinnuilunangeniuilindanudud nazdosodidnylu

. A A ' o3| = < 9| Yy 1 X 9|
NITVIUNIT freeze-thawing mJwammmL‘}Juwaﬂmmmmgﬂﬂmm AMNFUVDILI)S
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(Szymonska, Krok, & Tomasik, 2000) M3fAnNY1 freeze-thawing voauiletnnInaniioz luTaegs
1 .. < 4 A o g‘/ o .

(70%) WU crystallinity voudiaudlsanauiamindruiuasalunis freeze-thawing (Jeong &
. H < .
Lim, 2003) vennnmswasuuaslaseadaneluveadauilandinszuiums freeze-thawing
) Y a A @ a o 1 A 9y
ﬂﬂﬂWinﬂ@ﬂTﬁlﬂﬁﬂul!ﬂﬁ\iﬁﬂ]&lﬂlg"ll’t)\‘]N'JﬂWEqu]ﬂ“lNllWaﬁﬂﬂmﬁﬂﬂﬁﬁluﬂ1iﬁ$a'lEll!ﬁZﬂ'lﬁQﬂJ

%’ 9| <3 9 1 A o ' Y a A A (%
u’l"ll'ﬁ']\‘]l,!ﬂﬂlﬁﬂuf]ﬂ !Lﬂ$W‘U'J']ﬂﬂ!ﬁﬂﬂﬁ@\?ﬂﬁ'ﬂﬂl@\u!ﬂ\?%3lﬂﬂﬂ'lilﬂﬁﬂullﬂﬁﬂﬂ’lﬂﬂq@‘ﬁﬁﬂﬂWﬂ
9 [
freeze-thawing AIL45N (Szymonska, Krok, Czepirska, & Bilas, 2003) mslasunlasanyue

X a Y] < 9 = ' wa 1 A o -
WuW’J!la8Iﬂ3\1ﬁﬁ']Qﬂ’]ﬂium@ﬂlﬂﬂllﬂﬁu@ﬂﬂ’]ﬂﬁ]guWa@@ﬂmﬁuu@@1\30] ATUNDATINLAIYIN

8
1 a a ] 4 [ @ o o
nasolszaninmlunisgndesaaitolasioulaiidre nasvinmsaaudsuilaiudidae

1 I~ 1 1 ] 4

ATTUIUMST freeze-thawing WuIndauilatinur IduiansanuaenmsdesTagou lai o- o

9 é’ Y @ o 1 = [ dy a <3 = Y 4 1
luma'ldgeaiu udnmsaauisasnanaziinaneiuivoudauilsiei o laiaunsonu

[ Aann < 3 13 o a 4 { o & 1
i ldvinlgasemeludentls Idumnau uanildinansgaydeanusuniianusuuaens
a Aaaa a dy A 9 1< 9| o o 1 1
madfnserlelaslagd wenvintinisilaseadenieluveudauilsgniharedidanane
Y Y 1 o [ é Y g}J [} 9 Jd 9

anuasolumsdunuszrnueu lninudyamsnagsornduas luldeu lsiausadi 1y

o Aaan a o o
ugnseruAndaudle1d (Szymonska & Wodnicka, 2005)

a d
6. HaveINITUIUMIHanAYSInaudlsmumumsgeaneei iyl (Effect of processing on
RS levels)
a 1 I~ 9, 9 1 9 4 a [ v =
HavoINszUIUMIHanae LT mailiaununsgosnisou lsiuesnaadui sy Ny
yiianuanalumsen 3 wamsAnEIU99 (Han & Lim, 2009) ¥1101514/580MeUnNTLUIUMTHAN
] L4 1 { ¥
iladumunsdesaieou laifae35 Pre-soaked 11 Japonicd brown rice WU NANNABY 20%
a2 A Y 9 1 kY o PA dy ] A v o w aa
Hlsuavewilidumunsdesdrenuleigang Hnusu 30% edniivedinynieana
v 9 A oA A = a o 1 = <
minaaedluszauiesdiamaiednyimaveinisaard lugudiunags Innsadsuves
%’ @ 1 [} 4 4
1314 native waxy rice starch (5% 1 1iAuRe) Tuszninamsdesmeeu e welranudoulu
o 1 = I = @ ¥ Y
SLAUANY (60 65 wag 70evrusaited) (tunal s wii msnszaearluiivewnile (5%
aol Y] Y =\ 1 a a L4 Y 1Y 1 9 r'd
W) Tunediunamseatd lug Usuaveails RS nasnnmsaesaseen loil 120
{ a a 4 1 ] ] v 'o 1 { o .
wilundleifanad luduediveglusae 7.7 - 8.6% dediniinialdninudls native (9.3%)
1 1 & & = < 1 [
uannn 111l S Tnnsasn @il Tnnsiaduiilsuna RS 3.0 - 3.8%) wiiiulanszaums
a a s A 2 o a A s A 2 1A 9y
naad Tugmuiu tazseaumsnes Inmnseriunuiy uadsuauila RS anad (Chung,
Lim, & Lim, 2006)
v y & . Q| ax a Y @
N5LUIUNS IHAANNSOUTY (Heat - moisture treatment) (Hu3TN151a3 suuiledrumu

] 4 < { o [N o X 2 .
msgosdoeu laiveudauilsnd binumsildgnuazinnuiulszuim 30% naldn
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A

Ay 3 ¥ . v Yy A A a 3
gaurinived 24 31 1u miniwih l1danudounguvgd 100 e 120 eeruraBaluna 2
¥ 139 NFLUIUAT annealing Aauaadlumisian 3 nunausauysuamiladruniums
[ L A 3 <3 [
gooadeou loid lundladnTnann 4.6% wndwiy 7.7% amludls pea uazuile Lent

A 2 I o w .
NN 10.0 11a 9.1% 11w 11.2 uag 10.4% aWa1ey (Hyun-Jung Chung, Hoover, & Liu,
. = A9 Ya o = )
2009; Hyun -Jung Chung, Liu, & Hoover, 2009) HamsaAny1lndAesnumsany1ng 1y
ATTUIUMST ANN tag HMT Tuudle com pea 1ag Lentil 19aa132m5%1 ANN 11 24 2109
g a % I A :) U a a a
ANMNFY 70% gural 10 uaz 15 osruaidod sullugungindiniguugiilumsinanaa
¢ 9 o v A X 9 a
Tugveails uazannzmsavit EMT 1daanzianuruveanils 30% gungil 100 waz 120
I & 1
peruradomuar 2 ¥ TuanuI1 NTEUIUNS Annealing (ANN) 1182 Heat - moisture
treatment (HMT) finanoszaunile RS od19iiiad1dnyn19aaa (Hyun -Jung Chung et al., 2009)
3 < 1 ] 4
HaveInszUIUMIDnngFuaLSunamilidumumsdesaison la (RS) Tuuildnn
s o { ! 3
vuadileatnad uilaihn18a uilstnnIne uazuiletnanemsdui 95 ssraden 11
< ! o < < o Y A = < J <
na1 1w luenewh lwnngdsunaziiniang 00 esrusadea Wunar 1 $21ue 11nwde
v A 1 tiy [ Y] <3 < T 9 Y ] A v o w
fynymativawunszuIumsdnngsunuImf5una rs luuilsdmasasegialiisdidynig
Y
@07 (Hernot, Boileau, Bauer, Swanson, & RFahey, 2008 ) 4103114 31nMsaAn1luriaea
o Y 1 < o A o Y
NAADY (In viro) Y9 Murray et al. (2001) duudaaliiuiinszuaumadnngsuiinaiild
' Y
Y3ua RS Tuniladianausu@eniy seay RS 11 Pasty wheat flour Huud T umiuyuaiy
o ¥ A <3 o 1
FLAUANNFUTUAUVDITA (20 40 UAZ 60%) LALILILIAININUHAINTTUIUMTN 4 89N
1 Y
ased (07 uag 14 ) augadlums199 3 (Kim, Tanhehco, )& Ng, 2006) HN1NH NTEUIU
< @ 1 = X
mimﬂmg%uﬁwammiaﬂawmﬂimm RS u High — amylose corn starch (Hylon VII) a9
o < < { 9 2
AnMEMIRUINNFUN 100 1az 140 o3eligaiFed  anusuisuduvoala 30% 1ag 50%
(@z'luTae 70% uaz RS 46% ) NAIWIUATZUIUAIT RS aAad 13.8-16.9% NITUIUAT
= 4 o Aq ¥ ¥ Y A < A oY Yy a
wngsudunszuaumsildanuieunnuauge uazusunen Wuawigivi lvuilunawa
a 4 o q ¥ Y o q ¥ A ¥ o o
alug uazyhlvidanilignii Iiuaniiessinaruiounaznasaunienaluvmznisi
< < o 7 s 1 ; o
wnngdu Iwasi o lasdes luwamd 1 luae TndmeSvowdl ldunau naziioudlegniin
<3 @ o 1 ¥ { o a
Ifiumasazildaiuvese: lulaaluthuilingaeenin Tusmz idauilanesdnazinanis
= o n v = Y| A & A v o 9 Y] = [ ] 9
vaiseead v ldiuranudlsnud s uilesnindunualenuse lalasnulinuaenisdesdie

4

o1 laa] (Htoon et al., 2009)

a =

M3 Pre-galatinize uilad1 TnadensalaTasaassniguugil 40 eeruvaiFod uaz

QU

post — retrogradation vl high amylose corn starch fensadain ansaiuuila RS 14

(Koksel, Masatcioglu, Kahraman, Ozturk, & Basman, 2008) aauaadlumis1en 3 uiladanauas
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Y 9 A 9 A a = = [ 9y a oA =
uilsdnInanmiumsduiigungil 100 ssswaFoa win 10 wiiluszaudewlfians §
FEAUVDI RS 1101 9% 1A 11.4% ANa16Y (Zhao & Lin, 2009) 1 ueu@e1n N 1031891
NINANDIVDY (Hickman, Janaswamy, & Yao, 2009) MINIANYINAVDINTT autoclave LAY

] 4
AszuumMIgasaleeu il 1wal- oz luaaluuilad1nTna (normal corn starch) uilaad way
uila High — amylose corn starch (Hylon VII) FalitFunanile RS 61999 11.4% 9.1% uae 35.4%
auaay lundlatn Tnanazudlaeanmiunsz a1 autoclave YU 15 U9 1d1i ldudn
a A [ 9 o o o Y a d'
10 W19 V3zaUU0IuINRS 13.3% 1Az 10.9% aNa1al N9 autoclave M ldnan1slasunilag
[ A & = 1 [P=Y [ ] Y o Y 2{, A A o
vosdruiundnua ltinalunmsanszdumsgos uazanimilaniaesriansIun1svii
dal ] [} 9 4 Y A [}
autoclave 1 MlW1unszuiumsgosatoeulsy wd- ozlumananiiznisgos 55 0980
=1 ] I~ 1 9 ] & v 0 ) 9
e Anudunsa-ad 5.5 gszeznarlunsgos 20 52 19 HaaHIUNTZUIUM TSI 1N
= A 3 < 1 o -
WS RS nvwilu 29.9% nag 23.1% luuiladinInanazuilead uaviniiwdlansu
] 4 o ' o
AszuIUMIspealeey laiuan 1111015 autoclave 9naz T ld5uia RS TuudladnTna
A 2 12 A = 9, 9| = <3| = '
Wiy ualnalumsndsunawils RS Tuuilaa@on 23.1% 11y 27.8% BINTLUIUNTE0Y
g < v o w @ ] A )
aroou lmiiudr- ozluaa dodluthivd A lunsanszaumseesuaziuszaunils RS
PINNIINTZVIUMT autoclave MstiiuUTiamdla RS Tunilad11Tnad 1695 acid - methanol
W30 acid — methanol 118 annealing #1 50 pernwaFod szeznan 72 ¥ 1ue annsoiuuile RS
o 1 o Y o w 3 [
12 uaz 38 NFuAe100 nSuuile MUEIAY (Lin, Wang, & Chang, 2009) A1IRIBTIFUATHN
ausodivdSanils RS Tamudennt msniesadiunsnani 10 ¥5e 50 KGy a1u1soLiy

ufla RS TuudlatnInanin 19.7% 1511 22.2% uag 25.1% AuEIRY (Chung & Liu, 2009b)
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[

a EVI) ' Y, a da D, '
maen 3 Uswamilemumumseeslunilasuwa MNHaINNST I ENTZUIUNTANN

g

urasveanile DM U304 RS (%) fan
Japonica brown rice ~ Pre-soaked in water at 25 or 50 °C to reach 20% moisture + cooked 29.2-32.4% Englyst et al. (1992)
Pre-soaked in water at 25 or 50 °C to reach 30% moisture + cooked 20.7-25.9%
Waxy rice Native waxy rice starch 9.3% Englyst et al. (1992)
Gelatinized starch 3.0%
Partially gelatinized starch at 60 °C for 5 min 8.6%
Partially gelatinized starch at 70 °C for 5 min 7.7%
Pastry wheat flour Extruded at 20%moisture; 150/200/250 rpm; 40-120 °C; stored at 4 °C/0 days 0.48-0.52% Megazyme ® assay
Extruded at 20%moisture; 150/200/250 rpm; 40-120°C; stored at 4°C/7-14 days 1.21-1.35%
Extruded at 40%moisture; 150/200/250 rpm; 40—120 °C; stored at 4 °C/0 days 0.63-0.67%
Extruded at 40%moisture; 150/200/250 rpm; 40—-120°C; stored at 4°C/7—-14.days 1.52-1.86%
Extruded at 60%moisture; 150/200/250 rpm; 40120, °C; stored at 4:°C/0°days 2.54-2.65%
Extruded at 60%moisture; 150/200/250 rpm; 40—120°C; stored at 4°C/7—14 days 3.55-4.25%
Corn Acid modified with 1.64 M HCI at 40°C for 4 h + gelatinized +autoclaved + 5% AOAC 991.43 (1998)
lyophilized
Acid modified with 1.64 M HCl at 40 °C for 4 h + gelatinized 12%

+ autoclaved + Stored at 95 °C for 48 h + lyophilized
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[

d' = 9 9 ' 9| A ax 9 1 [}
maei 3 Usuawdleamumumsgeslunilasumna nnaoinmsl¥nszuiumsniee (o)

]

unasveamile M3 U304 RS (%) fan
Corn Normal corn starch 19.7% Englyst et al. (1992) modified
Annealed with excess water for 24 h at 50°C 18.3% as per Chung, Liu, et al. (2009)
Heat-moisture treatment 16.9%
(30% moisture+24 h at ambient temperature + 120°C for 24 h)
Annealed with excess water for 24 h at 50°C + Heat-moisture treatment 17.3%
(30% moisture + 24 h ambient temperature + 120°C for 24 h)
Heat-moisture treatment 19.7%
(30% moisture+24 h ambient temperature + 120°C for 24 h)
+ annealed with excess water for 24 h at 50°C
Corn Native corn starch 1.3% AOAC 991.43 (1985)
Heat-moisture treatment
— 30% moisture + 100°C for 60 min 1.5%
30% moisture + 120°C for 60 min 4.2%
Wheat Native wheat starch 1.0%
Heat-moisture treatment
— 30% moisture + 80°C for 60 min 1.9%
30% moisture + 120°C for 60 min 1.6%
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4' = 9 9 ' 9| A ax 9 1 [}
maei 3 Usuawdleamumumsgeslunilasumna nnaoinmsl¥nszuiumsniee (o)

]

unasveamile M3 U304 RS (%) fan
Pea Raw 10% Englyst et al. (1992) modified
Annealed (15°C ;70% moisture; 24 h) 10.9%
Heat-moisture treatment 13.3%
(100°C ; 30% moisture; 2 h)
Heat-moisture treatment 14.5%
(120°C; 30% moisture; 2 h)
Lentil Raw 9.1% Englyst et al. (1992) modified
Annealed (15°C; 70% moisture; 24 h) 11.4%
Heat-moisture treatment 13.2%
(100°C; 30% moisture; 2 h)
Heat-moisture treatment 14.7%
(120°C; 30% moisture; 2 h)
High- amylose corn Autoclaved at 120°C + Stored at 4°C for 24 h (repeated twice) 30% Goitii et al. (1996)

N (Perera, Meda, & Tyler, 2010)
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[

d' Y 9 1 9 A Aa 9 1 1
m319d 3 Uswamilemumumseesluuilasuwa MUHaNMS I FNITZUIUMTAN (AD)

g

uriaavaanile M3 1330 RS (%) i
Corn (normal) Treated with acid (HC1) and methanol at 25°C for 30 days ~12% Englyst et al. (1992)
Treated with acid (HC1) and methanol treatment at 25°C for 30 days ~38%

+annealed at 50°C for 72 h with water

Corn (normal) Gamma irradiation (60 Co) Englyst et al. (1992)
0 kGy 19.7%
10 kGy (2 kGy/h) 22.2%
10 kGy (0.67 kGy/h) 23.0%
10 kGy (0.40 kGy/h) 24.7%

e (Perera et al., 2010)
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J J
7. msdszgnaldnilsrumumsdesdaenlvitlugna1vinssne1#s (Food applications of
resistant starch)
{ [ I 1

lugaamnssuos lsuilindumunsdesdsou lsiiflunnasveuduloninis
o W a o Aa X N A A 3 12 ~ o
dmSunaanusiomsilanuiuraleyiia iesniniioymavinaman Tlsama tagnsgu
%’ [ ] v (A 4 9 v A =y Y I U
i'lin wu wuwls SWilud vazemsdnntyiy BSuamsldiudiunanvesomns

2 "o a a Y 4 Y A Y 9 ' Y ’aq Y & '
VUHBDYNUTUAUDINDANN ?iumﬁuENLLIJQmu‘nmﬂW‘iEJfJEJmsJL@u"lemGl“mﬂuﬁ?JuWﬁuﬁlu

U
k4

a o o ] @ o A v o a o d 9 A dyw 3
HAANIND1MIT 15U MIUTuljeanyuzilodudalunaanualan uag 31U uenvIntduily
a @ du A ay ] [ v
a5 ldnnunsevulunaanmaiivila vuulells uaze1suilgamsnesdar luvuw (Sajilata et
al., 2006) 14A1TITBUD (Ranhotra, Gelroth, & Glaser, 1996) W15 lFuiladuniunmsegos
9 o 1 o Y i’ v o A o A 1o Y
feaou Tyl luems lum e duiauesemistdnyasneumilounsianiie uag luvia 14
a ~ @ dy ] % A [ Y 9
sa¥1aveen1sasunlas anvailoduAgUeI0 1T loun U ldau leo1m15e1n
' 4
UHAIOU 9
Y Y 1 v A o ' Y Y Aa a ° '
uiladrumunisgeedioeu lyindswinenianisar  uilanlinssasuazsivine
Y Yy Yy
mamsmuda laun

% IS)

1. Novelose Wan1ag1/34N National Starch and Chemical JaNHUZAROHAAN DN

1A Aaa v a [ =)

Ay ¥ o A = waa A A AN 1R 4 A A
Vlulﬂ%']ﬂ'ﬁﬂlwslﬂlﬂuﬂmﬁmﬂﬁ@ﬂ'ﬂ ADUTVUIANA "lmJﬂau‘ﬁtyw%m"lMWQﬂizﬁﬁﬂLLazmﬂimm

9 a

& 4 P}

v o = 1Y) . ® <
Tusfudn FatidFunandulea1ninsiavun (total dietary fiber) 30802 30 U Novelose 330 11]u
1 J a { % I
uiladrumumsdgesdoeu laivtian 3 nas Seeas 40 T Novelose 240 auiluniladrumiu
[] 9 S a
msdeemeeu lytsian 2
a A o . = 3 <3
2. Crystalean a9 18815 H% Opta Food Ingredients ¥l u3 Insinsanyoa Inan
] Y 13
3 U(retrograded maltodextrin) Niliguleowisiinuadosay 30 ¥ msvnuszaumdulelu
A o 2 A a o A y A 3 o I v s A
HANAUNVUNO HIoHaAnaM0s N3 Tagldnsoudnangmes (NA1MIIA fison LAz
g a %
nona Vezaeuudny, 2546)
. . a a o ) . =2~ Y
3. Hi-maize W8 1a8U5HN National Starch and Chemical 3905 uanduloaims

(Dietary fiber) ¥10N M3 BMNNUS AL 52
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IsMIaut UMY

1. Jaquazasnd
ngAL

% 9 9 v o

uiladn Twe uilaiudrlends uilaiudilzudeaaudls uiladrudr Tudlen vazuiledn

v I A a A

1 a 3 Y] ¥ Aa o
@ Tuue (eswusmvanalseng 123) Wudegaunlslumsdnw uiladinIne doanusen

q Q

Y
vl 1o Jad $1ia uilaiudnlendedanils searnuin e 871 S1ie uilaiudnlends uils

U

4
a o J o

9 9 T A [ Y 9 9 ] Y 9 Y4 A

dusn liiden ¥o91n vIENaIuNAgadnIsuiing et Tuuke @naswugmae
a o 4 <

U527 123) huautealenseauamanily (Retsch, SK standard, 1100W, Germany) 191110

0.25 HaaLas

2. SunouUMINARDY
2.1 mawsenuilatnusn Tuuia
Wsmss s aelsyia 23 ualluuils Tasl¥nisuasmsvauiadiomniesun
L‘JJSﬂﬁGH (Retsch, SK standard, 1100W, Germany) mm‘?’uvhumﬂimi'@wuum 0.25 HaaAT
nowduidldrudiingaldgagl 4 esvaidoa
22 MINATIEHANUTia
msdmszianuuiinlaslfasediinseianunilaed195a3y (Rapid  Visco
Analyser, RVA) (Model RVA-4, Austialia) A3 1$ﬁﬂmﬁ CERATL BRI (pasting properties)
AMWIATNITUVDI AACC (2000) Lﬁia?miwﬁﬁwhm @Tﬁ: mmwﬁ@qaqmmx%’au (peak viscosity)
mmwﬁ@ﬁwqﬂ (trough) ANUMHagARE (final viscosity) AIMUNIIAAADT (breakdown) LAz
AUFALLA (setback)
2.3 munnzilsunaes lulaa
111913735 Colorimetric assay U9 Julino (1971) fﬂﬁmﬁ@ﬂﬂammﬂﬁ 620 W1 TUIUAT
Sranseseninias T Insfined Taeld potato amylase lumisadransiuinsgiumsm
YSaes lulae
2.4 nszuumaiuFanandlsdumumsdosaoonla (Resistant starch)
2.4.1 7% Autoclave and incubation (Onyango, Bley, Jacob, Henle, & Rohm, 2006)
Fasredgnauile 1 nfuhminudeasludnnedvma so fadans muhndu 10

a aa a . . o { < o
1aaans Uad1e aluminum foil 111'11) autoclave N 12199rsaiFea Hual 1 ¥ Tuq
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Y

. . . < & Yy g {
1A incubate 11 incubator 71 60 PaFEAFea 1111781 48 %2 T nunUuilan1d

a

< { [ . o
Pudidungumgil — 20 osruzaFoa 1agsiid1onszUIUNT freeze drying 10

U

f 4 .
WSuawilidumumsgesaieou laianuIsues Goni (1996)
2.4.2 7% Freeze — Thawing (Wang, Yin, Wu, Sun, & Xie, 2008)
¥ P ¥ g ¥ < o
wysuiuil 10 Wosiduaalsiinau duluindeailumnal 30 winuazyin i

< & < v A o 3 < o
U mﬂuum”lﬂmu“lm UN Y -20 paAraLFea 11unal 22 GIVJI?LN ‘LlﬁJTJNGl“L!

a =

H J ! 9
water bath ﬁqmwm 30 o9l e I.SGH’JINQL‘VA‘I’E)VHﬂﬁaSﬁaTEJ M1 12 1ae 3 cycle

U

[ 1 o
SaSuamdladrumumsgesdleeu lsin1uisuoe Goni (1996)

2.4.3 75 Heat-moisture treatment 1A% annealing

v
7Y ]

9 o 3 o Yy a ¥ A o 99 9 o X g
¥aaaod1auile 30 nTuivdaua @y une lvuilealanuyuily 30
1

o Y A

s d oo = < Y Ay < 3 ] v
Lﬂﬂil“ﬁu@] ﬂﬂNummzmu”lmqmwgmwmgﬂunm 24 GI)"JT?N mmmm’a ANIDUN

a a

< o 1 {
gaungdl 120 esuwFod (Hunal 24 $2Tue ouuIAeNgUNYil 40 DA NFATo
d f J 3 J a ¥ o 1% 1 1 3 1
e lw Idnnurulszunm 10 wosisua muinaulusandivvewdlsaeiiniu 3 ae
A g o ] . { a <
7 uazawiin 91nuuiih 11Ty Shaking water bath Nguvgil Soeeruaadon 1Hunm
< ) { { 3 < 0
72 1 Tus Tumdesfianui35e 2000 ¢ (Huraar 10 1 udnh hleunialudeu 40
= = Y 9 1 9 1 a 1 v
paruyarzadnstan1lTuanilagiumuniseeslunilauaazyiianey nazmas
ad .
NIZUIUNTAINITUBN Goni (1996)
2.4.4 7% Acid — methanol Llag annealing
v o 1 Y [ 3,' o Y 1 1 A Aaa a
Waar081aule-25 nsuihrilnuilaluuaglyuyvuia 250 Nadans iy

Aa aa A = 9 9 S < o
A1TaZAUUNIUDA 100  Waaans [Vlllﬂﬁﬂllaiﬂiﬂa'ﬂﬁﬂmlll"“u 0.36 Lﬂ'ﬂilcﬁuﬁiﬂﬂ

a =

P5mas USunar 1 Hadaas d1liainliishaking water bath Ngauwigil 25 eeruvaFod
< @ @ aaa A aa
Wunar 13 7 uag 15 U naINATUNET HigAlfnse1die 1M NaHCO, 14 iiaaans
0 y { 3 3 { a @ ]
udah lddumdesdiennuEasen 3500 g funar s wiingurgines 198010619
Y 9y 9 s 3 & a o vy A
Argomuean LTy 50 edimualasSuias n303d206190281AT040509
Y o 9 9 = o W ' Y A
qauamea udnihllevudsludon 40 osriaaiBod sesroorauilsimiunszuiums
E 1 |} =) a aan a
Acid — methanol $1uu 2 nFuthvinuds ldluvragdsunSuias 100 Hadaas @
Winau 48 n5u wazianIngdu 10 lulnsdas aNedugimsniaan Tavewuaiize)
° ' . ~ A ~ I &
1l uiuTy shaking water bath figaivgil 50 oeruaaFemiunal 72 $2Tue nsoq
o ' Y A Y o Y 9 =
Ared1aaansensosgyyIna uani llevuialudeon 40 esruvaiGod as19vn
Yuandlsdrumunisdeslunihuaazytianou tagwainszuiunsauisnisves

AOAC (2002.02)



28

Aa aa <3 d A

2.4.5 MINARANAANTATU
a 2 oy v o9 a ' S ' a
wsonwdladudu 30% @y caCl, 0.1% fauguAIMNUIunIA-A19 6.0 1Ay
4 g o o [ {
ou 13l amylase  0.2% veiminuile ¥ lUvi ¥ euds 80 esrusaiBoans 13N

ng; = g’/ [ a Y A =
QUUANT WU 15 WD lasaunasn mmuﬂ‘smmmﬂm@mma@ 60 DAY ALH YT

a QU Q

Y51 pH W14 4.5 daen 4l amyloglucosidase 0.3% vaarimiinuile 111 dlueraii

AuaNguual 65 osrusaFealdiaarlunisdes 20 92 Tua iWeAsUNAIMgANTS

L) Q u

a

o 79 9 9 A = a 22
1/1Nmmmmu%umamﬂwmmS’e)u nguUnNgy 90 DALY UIU 15 UIN AN

U

¥y A Ay g . ! 4 9 A : 4 4 A
llﬁﬁLﬂqumﬁquﬁm inﬂuuu’]lﬂﬂuqﬁflﬂQﬂjﬂLﬂi@Qﬁulﬁ’JﬂQ‘ﬂQmﬁau 4 93"

¢ 2
iAo AT 9500 xg UM 10 W1 A1NINAZNDUAIY 50% ton1uea wagih

' Y] N '
Ay ntuhmaaznou luieden3 04 freeze drier 9101

a 4 ] Jd
2.5 munnehTnailiduimumsdesaioen o]
a L4 } 4
2.5.1 myuaseidsunandlsdiumumsdesaioon lain1uisnsuee Goni (1996)
v o [l 9 A A o o o 9 ' y =
Tasn1sseaaoe1auis 100 Jaansudivinurisldasluasatfuimlsssuia so
1aaans iy KCI - HCI buffer, pH 1.5 91424 10 Haaaas LaZANa13a2a18 pepsin 0.2 Haaaas
. Y 9w Y o ' . A A
(1g pepsin/10 ml buffer KCI-HCI) werulviiinunaniinlalalu shaking water bath Ngaivgil 40

I @ 3 1 A ES o w 1
'E]\‘lﬁ’ll"]fﬁl‘?fﬂﬁlﬂ“ﬂﬁ? 60 mﬁ ﬁ}?ﬂ@ﬁi"llﬁ'](luﬂ"lﬁﬁlﬂ']ﬂﬂﬂ INUUUINIDYNNODNIN Water bath

o < a a . o a aa ]
wazi 1idunoanniiod uaziAy 0.1 M Tris-maleate buffer, pH 6.9 3MUIU 9 UDAAAT (ﬂi‘]J

Q U

A

o I a Aa aa
#18 2M HCI %39 0.5M NaOH.-e19131) 1a1 1 Jaaansvedalsazals Ol-amylase ( 40 mg Ol-
amylase/ml Tris-maleate buffer) fa I i T 1 shaking water bath ﬁqmwgﬁ 37
= I ] 9 @ (=] v ~ o w 1 y = 9 A 4
par el una 16 ¥ 109 areensuaalunisivernan 1aleg19tumIsanenToly
{ { < I~ [
1284 ( Centrifug, Hicen 18, Herolab, Germany ) 11710132591 3000xg 1ua1 15 u1fi imnau

2 ¥ < ° A aa 1 H] g o X
laduuung 1azd19aznNouUd1euINaY 14U 10 HadanT08191108 1 AT1 1INUUTINITTU

'
o a

~ = 9 <3 1 A d a aa A A
HIYN ‘V]\iﬁ’.)lﬂﬁﬂTLl‘]Ju gaznuaIUNuaneu muuInau 3 maamﬂuwaaﬂ‘nmzﬂau

ow

a Aa aa Y Y o 3 A a gy a9 o <3
agey 4M KOH 3 Waaaans Nﬁulwgm1ﬂu HagZnuUn  gaugimed U1l 30 UIN ma@mmﬂu

Y

1 H a 4 a aa a
MIUEAIN @uaITazate HCl ANty 2 Tuans dszuna 5.5 Jadans uaz Ts@en oo

wa 1livles anududu 0.4 Tuars pH 4.75 (5D @28 2M HCI 138 0.5M NaOH 81931 1di

A

amyloglucosidase 801uTnsans maylddnundnirlilalu shaking water bath Ngmmngii 60

U

]

~ I a9 [ < [ A o w ] y ~ 9 A )
RN A BITG] L']JL!L’JEI"I 45 UIN ﬂ’JEJ’E)G]iWLi’JlUﬂ"IiLGUEJ”Iﬂ\W] 1!W]'Ji’]EJ”NII‘]_]']j‘L!LW’JENﬂ’JEJmi‘OQﬂu
A A < < A & Y 1 v A Y
IHIPINAIUETITBY 3000g LTJ‘L!L’JEH 15 UIN LﬂUﬁTJMiﬁﬂ”l‘L!']JUiﬁiu“ll’Jﬂﬂi'lJ‘]Jill"l@]i an

3 v o a Aaa ! { 2 1 ?zlz < U o
mﬂauﬁ'wmﬂaummu 10 Unaanag ué”;ﬁum%ww%ﬂemﬁaa 1 asenuaIulasiunu
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o I a Aaa 2 [ = o ]
vazdl5usmas iy 25-1000 Haaans YunulSua RS Tudled1e w3ounsvunsgiuain
y 3 1
ﬁﬁazmﬁlﬂgiﬂﬁ 10 — 60 ppm Tagthlaviinau d1sazareniodd tag glucose standard solution
0.5 Hadans laluraeanaans ududy DOD-PAP 1 diadans warulminnundnirldlalu

a

1 a3 [ ] o 1
water bath Nigangil 37 eeeniwaFeoa 1Tuar 30 1IN BIUAINITYANAUUAIVDIAIDE LAY
Y A A P
msazatemaigiualonioddinlnlas Inlalines  (Spectrophotometer, Ultrospec  6300pro,
Biochrom, England) 17211819084 500 11 11wa3 19111081 114015910 blank M15014AIANS
AANAULEIRDIMITLHIN 5-45 WIRHAINNTUY Mutmanuduiuveng Inaludiedis
911003 MIATFIU 1azANUITUTUVDI Resistant starch ¥08I061991NANVITUTUVOING TAG
X 0.9
a Jd A Y 9 ] 9 4 ax
252 msuangHdsuauiladiuniunsdesdaieou leia1ulisn15ued  AOAC
method (2002.02)
a Jd a Y 9 ] 9 4 ax
MaszdSuadladiuniunisdesdltgou lyiianuisn15Ued AOAC  method
(2002.02) TasmMs¥adeg1auila 100 = 5 daansy lalunasaluwlssvuin 50 Jaaans @
o ' . A A = =
U 1 HaNTLHING Pancreatic O-amylase a2 AMG (3U/mD) Misigenluaisazare Ta@ey 11a
] 4 S I~ 1 =Y Aa aa [
n Ao anududu 0.1 Tuars manuilunia-ate 6.0 Usuas 4 Haaaas waulmdinuy
° ' . A a = < <
uaz1i1 luinu Shaking water bath Ngangil 37 odruaa@od 1iunal 16 ¥21us Taeawvaon
o 4 1 o ' Y a 72 <
TugurvuAuMsmasUNLaziINITveInanaIal NN UAYeNIUea 99 oS idFua
Y5u1a5 4 Hadans ongal§nae (nawdrs i nud Ing 19 Vortex mixer) nazair i
44 o . . <
HIINANUSTITOV 1500g (U3£u1ar 3000 rpm) (Centrifuge, Hicen 18, Herolab, Germany) 11/u
a1 10 U0 MU uraladIUl@Invasaal laonaoass195LuATLI ANLNIUDA 50
J 3 o a aa J Y 9 o 9 . Yy a
wosgua lasdsuas 2 Haaans aqluarnaodaznow Bal 1NN uale Vortex mixer HAMAL
- o ~ Aa aa Y ~ ~ I~
Mmuoa 50 1WeosiFua laglsuason 6 Jaaans TuKIeaNANEI50U 1500 (Uszun 3000
a3 A o %’ = g’; [ A A a
rpm) 1Wua1 10 W M519nA35e Id magnetic bar aslurasaniinznou uaz@uaIsTaza1Y
J J =Y A aa 1
Twunawou laasonlaa anududu 2 Tuars Usuas 2 Haaaas asluuaazviaoa wern ¥
(% ¥ ] . . ~ a = a o J
AU 1ae219 101U IAIUY magnetic stirrer 1tazNIU 20 WA 1AW TaReuozBaa Uvlwes au
Yy 9 d I J = Aa aa 1 a 4
Wuau 1.2 Tuans aanuilunsa — a1e 3.8 USu1as 8 Hadansasluuaazvasa @uoules

9 o a

Amyloglucosidase (3300 U/ml) Y3115 0.1 iadaas mauldidnnud tulu Water bath Ngaingil

U

= I ~
30 DIAATBEE 11101 30 WIN

J.

o v W 1 . U J 3 o {
(ﬁ"lﬁiﬂ@fli’)f]"lﬁﬁﬁﬂ%ﬂ"lm RS ¥10HI1 10 L‘].Ii’)ﬁl“]ﬂl@]) uTﬁ'WﬁaSﬁWﬂﬁi’)ﬂﬂi}Tﬂ water bath

Y v

! 2 A Aaa ¥
ped1sazarvadluvialsudsuiasvuia 100 Jaaans nalalvvasalay magnetic bar @9]/'381!1
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Yy ¥ 3

) [ Y a Aaa Y d' Y d’ X d‘ d‘
nau tazdSudsnasasazanelvinsy 100 Yaddasalerinau Juimlsanlomseaumies i
< I =
AMUGITOU 1500g (U519 3000 rpm) 1WA 10 WIN
o v o T Aa B ' s 3 I o A
(dmsuaredenidiuna RS Weena 10 tlesigua) id15aza18Noon1n water bath
X { 4 X { { < < ]
uaduneadenT e uMIBaNANNE T 1500 g (Use1s 3000 rpm) 1Wuaat 10 Wi (la
9 o A 9 < a aa
ApuriiNIoaNdITazaw) TasdSinasgameaziilu 10.3 Jaaans
gaasazaei e 11 0.1 Hadaas lalunasanaaes 1Ay GOPOD reagent 3 Hiadans 1
4 I [ 1
Tu water bath 1 50 essrusAHae 1Tua1 20 Wi Tanimsganaunasvesdsazateluunay
Y A a Pt .
naoamansoddidnlas W lalnes (Spectrophotometer, Ultrospec 6300pro, Biochrom, England)
~ A ° Y 1 9 4
nanuennau s10 n luwasuazauulsnasihdumumsdesaioeu ladangas

1331 RS (NSU/ 100 NTUA208719) = A\E x F/W x 162/180

A ' A
we  AE = AMMIgANaULAY
F - Viinanglnainsigd1a
g Y Y v |} A Yy 4 o
w = WrH AR89 15 1ns 121 (NSN)
d o o { I
162/180 = urln@es d115u/aeu free D-glucose 11 anhydro-

glucose

3. NSTUIUNTOAND (Extrusion process)
9 9 [
ﬂﬁ‘ﬂﬂﬁ@\iﬂi\iﬁi%&ﬂ%@ﬂ@ﬂv\lﬂ\‘]%uﬂﬁﬂgﬂlmﬂﬂuu%ulﬂu (Co-rota‘[ing intermeshing
a a (% Jd A [} @ 4 [
twin screw extruder: APV MPE19:25) GlUﬂﬁNﬁﬁNﬁ@mﬂ!m‘lfUQlliJWfNﬁ’J Iﬂﬂlﬂ%f’]ﬁf’]ﬂ?‘l@ﬂ

[

wnandszneudloanglidurEuAUINA19ULIA 19 JadmAT 0RT1dIUTLHINAING
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g o & A o s A Aq ¥ v =
ﬂQﬂﬂJﬂm@Qﬁﬂgﬂﬂ!ﬁuWTUﬁUfJﬂa1\3 (L/D) uJu 25:1 Glu“llﬂ!%‘ﬂWuﬂ‘].l”lﬁ!iﬁﬂﬁ'lu‘niﬂﬂ'l’]ﬂﬁﬂu%

a

% ' ' o 4 3 <
ﬁﬁlll'liﬂﬂ'n_lﬂllllﬁj @Qﬁihiiﬂllﬂﬁﬂﬁﬂ?ﬂﬂu@mﬂﬂ“ullﬁ}4 PN 1uWUQ“IJ@QUHL'}TﬁLL“]JULL%ﬂLﬂ@] 2

[

Z R A ¥ 'y A = 3 g A g a 4 Y Y A
FU “NJJ‘VI@HWQI\‘]@Q@11.!11.!&1/\1fJ‘Vi341!!(3EJ‘L!‘LHLEJL!!?J@SEIENﬂ"lﬁaﬂQﬂ!ﬁ{]ﬂﬂlf’)ﬂﬂﬁlﬁaiﬂqﬂiuigﬂﬂ“Vl
9 = v A Y @ a [ A
@]’ENﬂﬁjﬂfmﬂTi%ﬂliﬂﬂgﬂllﬂﬂﬂlﬂﬁﬁﬂgiﬂmuwZ’ﬁJﬂ‘UﬂﬁwaﬁﬂﬂllﬁﬂﬂuﬂﬁNﬂ 4

a a o Jd a ] o < 1
Gl‘l!ﬂi$'1J'J‘L!ﬂTiNﬁ@]Waﬂﬂm“ﬂGD"L!ﬂllllW@Q@l']slslaflﬂ31%&535@Uﬂ1@\1ﬁﬂ§5$1’1’31\‘] 30-50 59U

o w o

' A a oA o Yol Y 9 v
ADUIN Qmﬁguﬁlumw 123 uUaz4 ﬁﬂ‘]sﬂvl’]ﬂ 55, 90, 105 i@ag 95 auaal ‘HWLHJ\‘]“UTJL%W

v
o a = (2

' 4 @ @ v o @ 13 =
Youwdhginsesoansindsilou (duningay) Hldssnderangailudlounuvilsnas
. k) o a [ 1 o 9 o %’ ~ Y A
(K-Tron Crop., Pitman, NY) #209031 1.09-1.13 A TanSuaed Tua 1 lwaunvihdhginses
Y o a o 1 & 4 g A < -4
AWONT10.27-0.40 N lansuaed Tud tieldnnususuduaeslaiu 27-35 nofidua wilh
A Blda! 9 ] 4 Aa A v o ] [ A [
uavildvuglvinaduriugudnais 2 Tadwas Aadiedlanatesnainulanveunseddn

Y a ' o Y Y v 1 A dy 1Ta Jd 3 4
W’EJﬂ‘Villﬂ’NﬂJEJTJ 30 LBUANAT ﬂ’e)umgmﬂﬁmammmmw"lnmu 13 WosiFua
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~ = ~ Y a a [ Jd A [] % Y 9
T NN 4 miﬂmi&NgﬂLL‘U‘Umaqﬁﬂg‘w“lsnﬁlum'iwaﬁwamnmmwuﬂ"luwmm (mﬂmqmqﬁm

wlau)

Configulation type No. of element
1.5D Feed screw 2
1.0D feed screw 2
60° Forward screw 6
1.5D Feed screw 2
1.0D feed screw 2
60 ° Forward screw 5
1.5D Feed screw 1
1.0D feed screw 1
60° Forward screw 3
1.0D Single lead screw 2
60° Forward screw 5
1.0D Single lead screw 3
60° Forward screw 3
1.0D Single lead screw 1
1.0D Disch Single screw 1

(Y] d
4. msmaauqmmwwaﬂnmm
4.1 mﬁmawﬂmﬁuﬂ“ﬁmqmamw ( physical property)
4.1.1 9ATINITNOIN (expansion ratio)
@ 9 ] o o 1 9 = a 4 g’/ o
amauwmg{uaﬂaNmmmamﬂmhnmmsjmaﬂu,ﬂm INUUATUINU

BN INMINDIAINNGAT

] J % Y] 1
iduruguinatnindgaueIiang

9MTINITNOIAD =

Y 1 4 a Y
iurugudnanglavesniulau

4.1.2 ANURUILUY (bulk density)
] % ] Y d’ as
MIMANUHUUU V00819 1ae 1HITNMTUNUNAINITUDI Hwang LAg

9 = 3 o A
Hayakawa (1980) Tﬂﬂﬂl%ﬂﬁﬂamﬂﬂﬂﬂlum 80 L% nJumﬂaNﬂmmum
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413 MIMIANUHUIMUUYEINITIE (ASN/Y’) Tag
& g @ 4 a Aa aa [
- Fuhninlnnesnaiaanuuia 500 Naaaas(nsu)(W1)
° a A a Yy 9 19 ¥ a Y
- i mseazeavna 80 wynwseniudy lalwauihanih
] %’ @ 4 %
i3 suudrvaimintnmnes (asu)(w2)

- ﬁ1mmmmwumﬂummmwmﬂgm

' (W2 - W1)
ANUHUINUUUDINGY =

4
153asvealinines

414  ANUNUMUUYBIAE1Y (NTU/FY)
1 =Y Q'J 90} v
- ineedaldendszuna 1-1.5 udwas udrraimiin (w3)
o w ] d' % 9 1 =\ 4 Y a =3
- hdedranvauar lalulnnesuduaunsisazideavuia 80
Yy I A 4 Y Y A 9 9 o a
walmauiamnes haninldiFeudreliussanaradn
Y v Y
NNUUFIINUD (W4)

- AMIUANVHHWUUING AT

W3
ANUAUMUUUDIADIN =  ——————  x ANTUHUIUUUDING 1Y
(W2 -W4)

2
42 MINATOUANANIAGNHULIOTUNE (Textural properties)
wAa o ¥ @ Y I 4 [
MInadoUgMANLANTIaNY UL TUAT ITUATUAD WA (Hardness) A201A3 0970
9
anvaziioduia TA-XT2 (Texture analyzer; Texture Technology Crop., Scarsdals, NY)
Tagazsimsanuiusangsdldlumsdadlrosnaliuiaoonainiu
< a ] [ %]

MINATOUANVUIIVOIHAAN UM 1 WD IA

A I a Y] d a 1 o R Aa a o d A dy o o Y =

iiesnmunaasumyia lunedd Falasdnanansumiviiaiisuiludead

Y & 1 a Y] g‘/
nszUIums Tumsulsgidrenszuirunmslanszurumsviianaunsys Ina aanuly
o 3 v v R A o Y Y A 1%
MsnaasUanyuzioduRavIlaNuI il udealgisnaaeunruzay Insaauilaq
an ax
A5NTNAADVIINITUOI Waslh (1971)
v o ] [y [} YA a 3’, o 9
- ¥3919819 5 N5V Wn1RUANVeIUTZII 5 uAmas 911U lldw
? A Yy = v o w ' ~ Y
lutiudealvgndanunais naaeuldninmsiidedisliiunadenszan
a ] R Y o ] 1 s 9 3 = ~ [l
WIAN 2 AU FI01AI0819gNDENANYTAUAIMNUNANUIIFVIN0gM8 U

fvd1aaze
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i
o =

o w [] ] %’ A a 9 = 3‘/ d’@‘ Y
- Waegauyaslnhngurgiveduiu 1 win ndwhyuneln
< g A a o g’; 1
ALAANVUAZUNTUNDTONTAATIZH ITUaoUa 1)
- 1610619 1 1 UINVUUNUGIegLazaaf18819 17U IA0NINAY

] Y
TagmruamInauunsodnne 11/l

Mode: Measure Force in Compression

Option: Return to Start

Pre-Test Speed: 0.5 mm/s

Test-Speed: 0.2 mm/s

Post-Test Speed: 10.0 mm/s

Distance: 15 mm

Trigger Type: 10g

Data Acquisition Rate: 400 pps

Accessory: 1-mm Flat Perspex Knife Blade( A/Lkb-F)

< v A9 P o @ Y v o
ﬂ’JuJLL"lJ\‘]‘I'ﬂUlYS"I%WﬂLL'N (g) ﬂ@lﬂﬁﬁl%GlUﬂWi@ﬂWJ@ﬂN 1 Lﬁﬂmmammmu

a ¢y aa
5. ﬂ1§3!ﬂ§1$ﬁmﬂﬂﬁ‘n1\‘iﬁﬂﬂ
{ ) a 4 AA

nan1snaaedn ldiidinsgianuulsilsoumaadas (anova) Tagldlilsunsu
o a3 .. . [ 4
ﬁ”ll,ii]gﬂ SAS (Statistical ~ Analysis ~ System) uaﬂ%’uwumsuuuquauyjm (completely

. . = ' A A Vo an
randomized design, CRD) naz5euNoyMINANHNoANLANANNY 1A8IS Duncan’s New

Multiple Range Test (DMRT) NTLAUANUTOINU 95%



a
UNn 4
wamsnaasdtazenlie

Al
a %

1. Wanaezlulaavewiladudu
. v 3 =\ a d A R A A o Y ] 1
Resistant starch dauiluensws luTeandriianiisiiesvilszmundr luawisados
A = a S = [ Y a Y Y .
wiegngadulumuduemsvoauyyd a1 lasvannsudinsnanuila1ii Resistant starch Tu
nmgaezsaannuilsnfilfmaes luTaage BalimsAnyfsuaes luTagvewilausudu
MNUNAIA1Y F99na5190 5 wun Psua oz luTaalunilsdnTnalilsuugaga feo Sou

Az 50.84 se9aamne uilaiudilevdsnauals uilsinaaTulen uilaiudrdevas nazuila

Y YS9y o o
GUTJL%1T§JLL?N AT

A1319% 5 uaafSunaes lu Tagvesdiogiauile

degrauile Yo luTlae (%)
uilataTna 50.84+0.052
uilatadn Taints 41.14+0.157
uilaiudlevd 41360315
uilaiud)yvidanauls 44.97+0.259
et Tadilen 41.690.125

a d = Y
2. M5AATHANUHHAve il

uwalsenevdlseslulas uazeszluTamaduludaarunaradullawasiave il
1 ] [ 1 a [ v J
$189UNANUUANANAINATUNAVINTNINLIAZ DN LATANULANANNNAIONWUT (Asoaka et
4 ?1’1 Y =~ 1 J a a a 4 <
al, 1992) esflsznounsaesvewilsaziinalasassaoniguugiimsinanaid ludasn
o { a a t o wa
(Gelatinization temperature) Wa391UNA0 1% Iumsnanad ludiwsy (AH) tazquauiialu
MSINAANUULA 1Y AIANUHHAGIGA (Peak viscosity) AMIUNIIAGANIY (Final viscosity)
@ 4 4 a v A
1ATNIAUAI (Set back) (NA1UU5IA f350A, NRYIUT ) 159UA uazd la dudlanies, 2541) i

' 1 ¥ I @ < o
1 UN ﬂ’lﬂ')’lﬂﬁﬁ@"ll’f]ﬂu'llﬁhf:fﬂi]m,ﬂuwa3J’m’]ﬂﬂ’linN@]'ﬂ"U@Qlilﬂll%}J\1 UASNIIUANTNUD

=

< 1 @ 4 a a o
LﬂJﬂLli’jJ\ﬁ'JiJﬂ‘Uﬂ?iﬁ$ﬁ1ﬂ'ﬁ)'ﬁ)ﬂﬂ1"u@ﬁiﬂmflﬁl,lj,j\? lﬁ@ﬁﬂqmﬂ{]ﬂﬁ\‘l Illl;ﬁf}ﬁ’f]ﬁi%ﬂﬂigﬂﬂﬂfi%ﬂ'lﬂ

1 4 [ g’; Aa <
ponu (Tasmwizaauveses lulae) hdlvuiaTuanaimiuzauae ludunazerunulinee
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A A 9 v v o 3 Y o Y A ds! o Aa ' A Yy
T DATDUNVINIVUNU Lm%ﬂﬂuﬂﬁﬂﬂﬂﬂﬂ’ﬂuﬁuﬂ’g\ﬂm ﬂ%%ﬂmwaﬂammwuﬂ"lmm

A 9 ) 1 [ a a I Y 1
siiavowds vineeynin dadiuveses lulaaaee: luTamaau guugil shear rate 1 udu ua

=)

‘]j v Ao ~ A a Y = 9 [ a 4
VYNUNANINNEGA AovUAvDILLl (ﬁ]‘]&l@] NNIN, 2548) HIXDAAADINUNITNITIATISHAIY

E]

=

A Y 1 1 1Y d' 1 J 9 1 J = A 1 [
wummuﬂemmmmmm ANAITINN 6 “I/lW“]J’NLL’]JQ%1ﬂLL‘HﬁW]Nﬂl.liJﬂWﬂ’ﬂlIWu@ﬁNﬂu Iﬂﬁl

WUNAINNUNIAGIFA (Peak viscosity) 1ZAIANNNTAMEA (Trough) voudlaiudiilznds

'
a

S 1 d' U A Y . . . 1 A (% d' =
UATNNNFA LAMANNHUATANY (Final viscosity) A1N13AUAI (Set back) LAZLININLITNUNT

e

Y
4

= A . 9 oY Y Y s Y R oA ~
wWasundasanumiia (Pasting temperature) ui’)fJﬂ'J']LL‘]_]Qm']'lﬁ]'ﬂulﬁ’iﬂ“ﬁﬁuﬂ"lll"lﬂﬂq@ MIUDIY
A Y v o v 3 Y Aa o 3 A Yo Y o Y A
weannnuilaiudevaudunilanuanunesdaun nglﬁ'llllf’]“lﬂﬁﬂﬂ'l"mﬁﬂuVI']%’HL?Q‘VI

=® o 1 o < Y A Yo = ) Y 9 ¥
EJﬂﬂ‘L!ﬂ”IEJGLuI‘JJLﬁQﬁ’ﬂ@uGI’mQ uazLmqumeamm”lmuumn@u miﬂmaqauﬂqmﬁm

v @

R ¥ { o ' A
nszareagna 1 luthudls eani Tuanaes luTaavzandaGeedanuldeauianisveanss

1 493 < 1 [ A

9
Lﬁ@u muummwﬁﬁﬁmqwuum LW]%%ﬁﬂaﬂ@ﬂTQi?@Lﬁ?L‘HUﬂMLN@@QiM%?Q setback
[ =)

{ I 4 [ o < 1
Tuvazanilestriduiuetlennsyie e lasuanuiouaznesdn uazdauilaaniiosndn

! v o 1 @ 4 o o T ' : v v W ' < !
Tuanafaateideglnanuiunaouniunulbnllddie Feendudnusgrnadauilaines

o R 2 J <

] 9 o A 1 Y| A a A [ Y
areegIndnu Wieszninudiuveudanilense luanaes luTaadaszivgasenun vl
a I LR 5 o ) <3 [ %’ Y A
maam iy matrix Saogaieny Taeuse laTasiu awnsanunni 1314 aanuuilagega
=K A 9 1 1A % 1 Y Y L= o Y A 9 .
diadeandn uamamsaatealszuInIsaNgnioond Jeihldaanuniiagaie (Final

Y Y
viscosity) §40271 (Schoch and Maywald, 1968) uaﬂmmm1m1wﬁmmui’ﬂwﬁuagﬂu
=Y d 1 4 § H 1
Ysumez luTaa vuld il sdninanilsuiwe: lulaaguniiga (ms1eie) uaagld
anunilagegatesniwilaiudilends iiesnauilnilswe: luTaageazi1dinig
v A (9

! @ < o @ 1 a
aiFoadrves Tuanandlalud edugunius s nagildwosdaldennat @ie aula,

2547)

~ v a 4 A Y a
A5 N 6 LAAIAINNMIAATIZHANU LAV UIlNAY

sample Peak Trough Break Final Set back Pasting

viscosity (RVU) down Viscosity temp (°C)

(RVU) (RVU) (RVU)

uilataTna 143.81 100.97 42.83 146.69 45.72 78.92
uilaiudlevda 280.22 130.64 149.58 192.22 61.80 70.85
wudilznasaauls 263.34 106.89 156.61 166.81 59.92 70.82
uiletnaudr Taiidlen 115.67 89.08 26.58 181.92 92.83 83.98
uilatnadr Taiuee 151.22 114.50 36.72 246.69 132.19 84.57
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d A
3. YSanandladumumsdesdienanlasl (Resistant starch) #3835 Autoclave a2 incubation

$ 1 J 1 [
319N 7 WSuailadumumsdosdoen e (Resistant starch) NOULAZHAINITZUIUMT

Autoclave 118% Incubation

13319 Resistant starch

fegaudle (mg glucose/100 mg sample)*0.9
ABUNTLTUIUMS NAIHUNTZUIUNT
uiladina 1.211 1.129
uilaiudlevdadauls 1.198 1.261
uilatadr Taiuste 1.250 1.205
uilathadr Taidlen 1.264 1.269
uilaiudiends 1.120 1.241
uila Hylon VII 1.240 1.109

1AM INAAUNVUTU Resistant starch ?91}’383% Autoclave 8% incubation W21

naannrunszuumsuilaiudnlzrdaaanls vazuilaiud)endaliasunal Resistant starch
A 2 g A ~ oy ' o w Y a

MUIUTEA 5.25 1Az 10.80 1WolTeumeunUuilenouMHIUNTLUIUMTAINAIAY uaui)erila

dUNS 118 Resistant starch 1na1Asan3aa10111/5 0191 Resistant starch TudI981903l9np U1
A Y v K A = U o F g = 1

AFTUIUMS (A15199 7) d0aAReINUANMINRILINFINDUI n15aautls lasnnuisursuiinane
1 < 1 1 H )

manlasuudaslaseadananliundeuils uaaziinagoutedinandszian B @ilsoiniieia)

11NAgA (Gunaratne & Hoover, 2002; Lim et al., 2001) uila la91nn1si1unszuIu Autoclave

a3 1 { a

118 incubation 32111 Resistant starch ﬂijﬂJ‘ﬁ’miJ Ao Retrograded starch (RS III) Taen15ina RS
L a4 : 2 a3 v 2 2

1 vuazinaduluszninaestuaou fo uilsazgnlalas ladluduaouns autoclave 9101

Y
wnamIsaizeaddlniveses lulad (recrystallization) 1U¥UABUNIT  incubation (Onyango,
4 L4 o a A A
Bley, Jacob, Henle, & Rohm, 2006) tieuilagnlalasladeziildinnes Tulaanil degree of
polymerization ’EJE‘J:GI,WB’N 100-300 ‘H‘Li’JEJGUfNﬂQIﬂﬁ Feoe luTaahil degree of polymerization g3

' dy ~ [ A ~ [ 1 9 s A (]
MUz UNasnon1sina RS 111 ﬂ%uﬁamigﬂﬂ’aﬂmm’au‘lmu Lummﬂﬁaﬂmﬂuﬁwmmmu

= U . o Y = o
tNa879) (double helix) mldtanuadesnmiuse lalasau
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A' d A
4. mainfSanandladiumumstdeadlenei el (Resistant starch) @283% Freeze - Thawing

$ 1 J 1 [
3190 8 USuailadumumsdosdoon e (Resistant starch) NOULAZHAINITZUIUMT

Freeze - Thawing

13319 Resistant starch

feg1auila (NFN/100n5TUAIBE)

LL%}JQLQ’B"ZJS?,II‘H cycle 1 cycle 2 cycle 3
uilatnad Taiuee 1.520 2.301 0.834 1.552
uiletad Taiidlen 1.413 2.287 0.675 1.458
uilaiudrends 1.499 2.191 0.821 1.504
ulaiudlevdenans 1.693 2.325 0.844 1.621
uilataTna 2.078 2.356 1.115 1.850

o ) vg < Y A
msaaudslasldrgasmsusudsnagmsazaradumsaansnemeninineaniso
{ o [ a { o a I

asunlaspuauifvewdleld Tasdenalmfanisildounasdnyazia naganmiluwan

[~ EY 1 1 v g A = @ a A
voulauils dawaneguaulia lunisagaleiil AuKHda msauad uazllszansnmlumsgn
' v 7 &2 A A . Y ax . '
EJE’)EJG]’JEJL@‘LH%?J F991NNTNAAOIUNUTUIN Resistant starch @287 Freeze - Thawing WU
9 A A . A A A . A 2
uﬂmﬂ%uﬂmmuﬂizmumi Freeze —Thawing Tu cycle 1 %4157 Resistant starch [INUUY

A =\ o Y ' ] ) [ A A [
WorneuNuuiNnNeUHIUNTZUIUALT T0AARDINUNITIWINUARIUNIANLI NTZUIUNT
freeze-Thawing 119NN slasuasanbazvosrmineuen uazazinamsasuuilasnn

v
% [%

v 9
ﬁqmimmﬂ freeze-thawing ATILTN (Szymonska, Krok, Czepirska, & Bilas, 2003) 190310 UIIN

v ' Y
a5199 8 Sawuiudladrd Tuidleniiasuna Resistant starch tinAugaga ($osag 62) 5090911

H Y
v o v AaA = 9

Ao uiladrad Tuuds azudluiudnlendantiffune Resistant starch ga¥u Sosaz 51.4 naz

46.2 MUAAY
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A' d A
5. maiinySanandladrumumsdeadrgnonlal (Resistant starch) 23835 Heat-moisture

treatment /a2 Annealing

Suailsumumsdoes

dredrauile (NFU/100NTUADE)
Sudu HMT-ANN
uilatnad Taiuee 0.383 0.1813
uilataudr Taiidlen 0.377 0.2406
uilednina 0.466 0.2479
ulaiudlevndadauls 0.411 0.2153
ulaiudlevndadauls 0.398 0.2293

Y
I A o
M31¥nT20IUMIAMVTOUFY (heat-moisture treatment; HMT) (1 u35msaanalsuile
A o 1 ' = A = . Y  a
mmwmwmmqiuﬂqu hydrothermal treatment 39107151 WNUT U Resistant starch A2875
. ] 9| A A ;A 3 A = % 9

HMT ua¢ Annealing WU uﬂmﬂ%umﬂimm Resistant starch anaudlofSeuneunuuils

' ' g X A v y 2 3 asdqy D,
NOUNIUNTISUIUNIT mummummmﬂmﬂ%ﬂizmumimmsauw L‘]J‘L!'J‘ﬁ‘i/li“lfﬂfl"mii’)u

’ v &

o g ¥ P} 9 0 a A an v y X
Q’Q 1/]’](1141?15\1?{3']\TGUE’)\TLL‘]JQQﬂ‘ﬂ1a’]ﬂlﬂ@]ﬂ15ﬁ]a1@]l’lu"}5 ?’Nuuﬁ‘ﬁﬂ151%ﬂ3$ﬂ3“ﬂ15ﬂ31ﬂ5@u%u

9 lieunsouSunal Resistant starch g

A' d =Y
6. MannYSanamiladrumunmsdoaalgeulel (Resistant starch) @3835 acid-methanol

itas annealing

/3170 resistant starch (g/100g dry weight)

fegnauilasudu 52821701 acid-methanol (1)
Fudu 1 3 7 15
Resistant starch control
R 52.198 - - - -
(Megazyme  kit)
Hylon VII (commercial
43.494 - - - -
resistant starch)
udlatudr Tausds 1.932 1.824 1.794 2.812 6.818
uilatnud Tuilen 1.952 4.049 7.188 16313 30.654
udladn Tna 1.410 1.627 1.841 2.773 8.790
uilaiudnlenaadauls 0.975 3.784 5.629 14.243 17.661

uilaiudlenaa 5.793 7.063 7.669 16.122 27.464
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NMINAADUNNLIT U1 Resistant starch #2875 acid-methanol 118% annealing WU A
szgznamInaaoy 131 uilatudr Tuilen viladnTne uilaiudlendssauils uazuilaiu
] Y ] '
#11)zvida TS0 Resistant starch tNWAY 1 0.1 2.8 uag 0.2 mulsfFeumeusvuilan lumiu
v v 4
ATZUIUMINNAIAY 1azNITZeIaININAaoU 3 71 USual Resistant starch 1NNAY 2.7 0.3
] o o ] ] . < {
4.8 uag 0.3 meuaay uauilatsi TausiaaiaSunas Resistant starch anadtaniiosNizezial
o A A o 9 ¥ P Y Y Y s Y
MINATDU 1 uag 3 T oMNIezNaMAToUA0819uilana 5 ¥ila Ao uiladrudr Tuus
uilathasnTudlen  uiladiaIna uilafudilenasdanils nazuilaiudilevas Ju5uw
A 2 g VoA @ o
Resistant starch (WHAMIIU 0.5 7.4 1.0 13.6 uag 1.8 (MNTLIIAINTNATOU 7 TUAINEIAL
A 2 2 VoA o yd 1y
saziuvwdlu 2.5 14.7 5.2 17.1 uag 3.7 (1 Aszeznaimanadou 15 S uaasldmiua uils
A a . 4 2 = A4 A = o
nNwiiaditfsu1al Resistant starch ANTUINAgARomnIzozna1 luninaassauda 15 7u Tag
1 Y 1
uiladtadr TiiEloniilSana Resistant starch in¥uINNga 50903010 uilaiudlznas ulls

9

o v o Y Y Y Y sy o v o ¥ v Y >
udlzrasaauds uilein Tna tazuilsrm Tunie a1y aums 1sanuious Ny
K & asxA A a . v Yy v
nsadududsNawnsanuy511al Resistant starch 19 @9AAA097Y Brumovsky 1182 Thompson
1 1 1 . A . 4 a <
133) 2001 73N150@13791 35 annealing A 1W1TANUT119! Resistant starch ItH{pa 11N AR
9| A Y A 4 2 . = | = as
uilanselaseaialuanananysol uana 1Nt Lin uazame 111l 2009 GaUMSANYINAVEITT
. . ! 9y 1 Y 4 Y 9J 1
acid-methanol  118% annealing @oMIIAIUNIUPITERaA 80U IasiyaauilatiaTna Wy
1 )
FLULNANITNAADIINAAD Resistant starch 1agNTzaziaInsnaassauaziinam1nysum
4 2 g Y , 7 @
Resistant starch aaasnsormnyuanitos iiesninuilinnulremsgnlalas laddrooulan]
o v g A ~ A 2 2 I A (a
midgaudlad@euanin uagiszeznainisnaaodnmuyy wuuiedn Inadldsuiw

3 A 49! 1 Y ~ (BN} Y I 1 = .
Resistant starch tNuALunA0lan lidunszuiuns uaadlfiiuasuia Resistant starch

=~

' Y Y Y
MARLAUUBNIINIZAUBYAUTD anncaling WEIETUBYAVTZ0211a1TUNTZUIUMNS acid-methanol

9 1 c!d'o

Y ¥ A4 . I A Y 3 Y a A A
AYBUNU NIUIUBDINIDIN annealing Lﬂuﬁ‘ﬁﬂﬂTi‘ﬁLﬂJﬂLlﬂﬂLﬂﬂﬂ15!1Jf‘]Eluuﬂﬁﬂluﬂﬁﬂﬂﬂ'nu
Y

Fouluszninngunginmsasuaaiuzadioud (glass transition temperature, T,) uazga ¥l

Tunisinamald s (gelatinization onset temperature, T,)) (Tester, Debon, & Sommerville,
é 1 Y a d' d' 1 [ o é a [ =
2000) C]N(luixﬁjﬁﬂigﬂ'Juﬂ”l'iT‘ﬂiQﬁﬁNLﬂﬂﬂ"IﬁmaﬂiﬁflGluﬁjl!@ﬁﬂ!ﬁ"luu"m"l‘ﬂf\‘llﬂﬂﬂ"lﬁ]ﬂliflﬂ
@Tﬂwmaﬂmaqa (Atichokudomchai, Varavinit, & Chinachoti, 2002; Hoover & Vasanthan,
1994; Jacobs, Eerlingen, Rouseu, Colonna, & Delcour, 1998; Seow & Vasanti-Nair, 1994; Shi,
) 1 1 Y
Capitani, Trzasko, & Jeffcoat, 1998; Tester et al., 2000) msndeunvosavey lulagsziiyay
1 o a 1 a o o .
FEUINNTZUIUNIT annealing ‘VI11ﬁlﬂﬂﬂ1iﬁ%1Q618Lﬂ§EJ’Jﬂmﬂ‘]Jgﬁ’iqu‘ﬁ (interaction)
serves W laanves lulas uazmse oz lulaanues IuTamady (Hoover & Vasanthan,

1994; Jacobs et al, 1998) HanAHUse Inala®an (glycosidic linkages) voauilaludiue
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dugiudignlalasladaionsaluszrinenszuauns acid-methanol @29 (Lin, Lee, & Chang,
2003; Lin, Lii, & Chang, 2005) ﬁﬂﬁﬁmﬁﬂimaqa (molecular weight) 1AZAVEIIVOIEY
Turanauileanas (Lin & Chang, 2006; Lin et al., 2003, 2005; Ma & Robyt, 1987) LAN13AUA?
youdauiladanatininnindesas 90 (Chang, Lin, & Chang, 2006; Fox & Robyt, 1992; Lin et al.,
2003, 2005; Ma & Robyt,1987) 3% acid-methanol S1enaiifu3iezniuqumadesanimveails

1% (Fox & Robyt,1992; Lin & Chang, 2006)

A' d aa d A
7. manafFanandladumumsdeadlaoulasi (Resistant starch) vesaNaangasu lu

a o d %4
HannanNNan
U5unavesaia /5119 resistant starch (g/100g dry weight)
J A 1 Y v Y
ANYATU NOUAN Ny
2% 0.650 0.520
4% 0.761 0.533
6% 1.039 0.816
8% 1.278 1.048
10% 1.975 1.522

*RS Y09 AUAANTATU = 7.348 /100g dry weight

A a [ 4 { Aaa Jd a 1
N TNMINUUT U0 Resistant starch VOINAAH AR A NNTUITAANTATU WL

a % o H [ aa d A o 1 Y
HAAN MR WA NN A IUNTUVDIA UAENFA S 1 lUNAOAsITIUNAIRIUNTELIUMTANGN L]
Resistant starch aaa4iofSsUMeunUADUAIUNTZUIUNT D9131911)S 19! Resistant starch 92

9 Y o Y

A 1 Y A = o < dy A 9
AAAVUNDNIUNITISUIUNITANG D !mlll@l,lﬁfl‘ﬂlﬂUﬂﬂﬂﬁﬂ'l!ﬂﬁﬁ"ll'l')lﬂW !Lﬁ$3Jﬂﬂ$I§'u"lJ']'JLﬂ'l
] 1A A . v g < dyal Y o A g Y
(131999 8) NUN SRR Resistant starch NWﬂﬂﬁTﬂﬁiuﬁﬂHﬂﬁﬁ"lﬂ'}ﬁn I,Lﬂ$llﬂﬂ$1§'u"ll'l'3ﬁ]'l
1 a @ J { 1 aa Jd a A =
LR AN Naﬁﬂm“ﬂW’lﬁg]}'lﬁﬁﬁﬁuwﬁﬂﬂlflﬂﬂﬂﬁmﬂ%ﬁiu%}ﬂﬂa$ 8 uag 10 ausonudsuw

. 9
Resistant starch hlﬂ
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d a o d
8. WSanamiladumumsdeadeeulal (Resistant starch) Yo IWanHumMWIaf

/31104 resistant starch (g/100g dry weight)

A0INNIAA] — —
NOUAUN (3NN
Bestfood 1.431 1.260
Agneci 1.778 0.901
Gallo 1.731 0.956
mhifaath 1.824 0.851
innz st 1.318 1.353

=Y a @ '8 U @ [
NNTNAaBINIUT VI Resistant  starch ﬂjama@mmmwmﬁ'w NOULASUAINTU
) i "\ A o ¢ v v = s Ay 9 A
NITUIUNMTANFN INAT1TNN 9 WUN AAANUNNIFN1D1INNBIAAIATINDIFY UNAAUIIDT 1D
1 Y A A . Y = 9 Y A .
N"IL!ﬂ5$‘]JTL!ﬂ"lﬁﬁiJ's:(ﬂilSiJﬂﬁﬂiuReSlstant starch aAQ3 LLG]JJﬂﬂgiiuﬁU"I’Jﬁ]"liJ‘]JQﬁJ”Iﬂ! Resistant
A X g g ¥ y X A A K g v
starch INUUVULANUDY (iﬂﬂﬁg 2.6) T]Qu’f]']i]l,u@\?ll'ﬁnﬂlﬂﬂﬂ']ﬁa5ﬁ’]ﬁl"llf]\?!u@llﬂ\iﬂ']ﬂiﬂﬁﬂﬂi'l\‘]

= 1

' Y o qY ) ¥ 'Y Y 9
@E]ﬂvlﬂclu‘igﬁ’JNﬂW'iﬁll ‘I/]16114’(,;fﬂl!ﬁﬂi%ﬂ’JNﬂi%ﬂ?ﬂﬂ?iiﬂﬂ’ﬂﬂ\l‘iﬁ]u LUADUIDTINITANUBDYAN

g

Y o o

' 3 Ay A Yo Y Aq R N 9 Vg Vo
(YU ﬁﬂ”llﬂ@]@]ﬂl"lflﬁﬂﬂ‘lmﬂﬂgiiUGIJ"I?IHJT VliG]fL'JﬁWI‘JJ@]Nﬂu 15uramilanmunisgesnazaiani

" A Yqu Y 9 Y A 2
NA1IND ﬂﬂ%nammu’aﬂ 'IEII'IQ!LLI]\W]’IHTHU%&’LWE?@N’IﬂBUH

H [ s aan < Jd a
a15190 9 WSuadladuniunisdeediaeu el (Resistant starch) YBINIALAANTAIU LAY

g 1amIad

sample Resistant starch (%)
1 2 3 Ave. SD
W4 limit dextrin 5.5451 8.7867 6.1585 6.83" 1.722
2% pasta A% 09428  0.8086 09254 0892  0.073
100% pasta & 0.851 0.872 0.831  0851°  0.020

best food AN 0.9786 0.7346 0.9301 0.881b 0.129
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$ . aa <] d Aa @ v
A1519% 10 U5119 non-resistant starch YDINIANAANFAT U LlagﬁﬁfJﬂWQWWﬁ{g’le

Non - Resistant starch (%)

Sample
1 2 3 Ave. SD
#3 limit dextrin 49.338 47.62 49.002  48.653" 0911
2% pasta Ay 18.144 17.8 17.804 17916  0.197
Pasta 100% @3 24.54 25.98 23599 24706 1.199
best food A1 24.33 22.318 20629 22.426°  1.853

9 < Y1 A aan < J a o 9| @ '
NATNUD 7 ﬁlzmuulmmmﬁﬂﬂﬁaﬂﬂfmﬁmanmﬂﬂcﬁmuﬂmtﬂﬂuwmﬂa@lﬁ’mu

ualunmsnaass laafFouieunuasuna Resistant starch Y99 100% WA LAZWIAAINIINT

= <} d A

9 Y o v an <3 d Aa A A ) Y ana [
ﬂfl“lfﬁ')@ﬁl'l\‘l 2% ﬁllﬁlﬂﬂ“])’@]ﬁusluﬂ']ﬁ‘ﬂﬂaﬂx‘] mmmﬂmaumﬂmNauaumﬂﬂ%muiuim‘u

A9 HIUAT 090 ANDIFIATNFALUUHYUMIRULd 1 amn ldumaaeu Tagnsdunu

9y =} (Y

aa < G A o { A A aa
2% 1Y 4% AVAANEATU WaNHUSITUIUUDUNY 100% ‘W'Iﬁg]}'l leumgﬁlﬁamnﬂ?mmanﬁ

3 & a vy Y Y a 'y Y o I =
POFATU WU ATUUDNUBDIUT UNIT AN u,amuazamummuimmmumm HIVINNTT

Y
=} o LY o

v W ¥ 1 an I~ J a A a
ﬂﬂﬁ@ﬂﬂ?\?ﬂigﬁ'lﬂﬁﬂﬂﬁlﬁ@ﬁgfu WU 2% all@]mﬂ‘ﬁf@]‘iui]3ﬁ°]f’lﬁllﬁ$lu’flﬁuWﬁiﬂglﬁﬂﬂﬂﬂ
9 ~ =2 qYo ' ' ~ ~ .
100% WIgaI1InNNga \‘]GL‘H ’J@Eﬂ\‘lﬂﬂﬂﬁ"l’ﬂuﬂ"li‘ﬂﬂﬁ@‘ﬂ ﬁ]?ﬂﬂ?ilﬂ%ﬂﬂl%ﬂﬂﬂiﬂ?ﬂ! resistant

H [ Aaa < J Aa =Y { {
starch 91AATIN 9 WU HANAANTAI UL TN resistant starch VInAAA TUvLN 2% 100%

q

Y
v o %

Wad1 sazmadmamsmiisuna resistant/starch e naanuedesiiisdidyniedda na

ZDhe

'
=) S o [

A aa & & Y v Yy a Y A ' 9 P
@1%&1!’0\‘11]1%1ﬂﬁuﬁ!ﬂﬂ“ﬁ@iu‘ﬂiﬂuiNﬁﬂJﬂ‘]JLL‘]JQGlITJH]”INﬁGIﬁnﬂ!’L‘IJ\WIW”I‘L!ﬂ?iﬂ@flﬂ’)ﬂlﬂull"”lfll
Y
o [ 9 a 4 =Y
#0977 A0 amylase 11a¢  amyloglucosidase ttazvaiRgINUTUAOUTUMTIATIZHYT I
. g ) ¢ 9 a P
resistant starch YU3naz 11U 143l Ol-amylase anvua Twanavewilimelume Indwos ua
ay Y o Y 2 o w v Y a Y A 3 = [
llhlﬂ ANIINUDSUDINN ‘L!'IG‘I'JE]El'lx‘lﬂulﬂﬂﬂﬂﬂﬁﬂ!ﬂiﬂ\‘lﬁulﬁﬁﬂﬂ NINII re-suspended AeNOU
9 = 4 g =< o 1 1 Y 4
(supematant) ﬂﬂﬂﬁ?ﬁﬁgﬁTﬂIWL!ﬁﬂﬁ!“ﬁﬂuulﬁﬂiﬂﬂl’l"]fﬂ ‘Nﬂuu‘ﬂﬂ‘ﬂ"lﬂWﬁﬂ@ﬂ@l@ﬂ?ﬂl@ullcﬁll
. I~ Y1 2 a aa a3 d Aa a d a
arnyloglucos1dase i]gl,ﬂu]lﬂ’l'l Glmmmumwamaumm%mu uazmiamiwwmﬂimm
. 9 s A [ 1 2 a J = . =
resistant starch Gl,ﬁmauhlqmmwmuﬂu Lmslumumummmiwwmﬂimm resistant starch UNIJ

I~

1 ] U o L4 . o 3
I%e15a2a18819%78 re-suspended @Iupznou 111 11eu las] amyloglucosidase 111911 1AV

aa & o a ' = ' ° Y A 3 A XA = o
ﬁﬂﬁlﬂﬂcﬂﬁﬁuﬂ'lﬁﬁ')uﬁﬂﬂﬂ'mgﬂfl't‘]ﬂ 1/11114‘1]5mm resistant starch ]lllLWNsUuHJE]L‘]FJEJ‘]JLWEJ‘]JﬂU
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[ a 4 1 . x
100% WIFA LAZWIFAINTNITAT ANABDIIINITIUATIZH IUEIUVDY non-resistant starch 4

]
=1

H [ =y Y [ aa I~ d Aa
INM1T1N 10 WU YTU1% non-resistant starch Y9IAIDINHIAUAANTATUNUTMIBINNTA
A 9 9 Y] A Y A A Y A
FOIAINIAD 100% WIFA HazHIAAINIINIA Tuvaen 2% mamuliunadssinga Tums
a s A a 1 Ly
naaoddalmanazimuay ludiuvesdsua Tusau i nMnoIM13 (crude fiber) 181 1A
4 d' 1 a J A = [} 1
a3 Tu'lamsa Taganmsnaasd (@13199 11) nu amsuasizndlsua Tdsauludeda

A28 Kjeldahl method A109819 100% wWiadtdsua Tsaunnige luvagiinadn ldninms

v
s 1 ]

4 4 @
nauuilairunisdesaioeu el d-amylase tazou'lysi amyloglucosidase Auuilatn1d1

wadn lannmsnanuilan1anisal (Hi-maize 260) tazwiad1nmauuilanmiunisdesdie

@

4 a A = (] 1 @ ] = o @ aa A‘ a [
u'la] o-amylase HUSuaT1sAu lunanasduedihisddgymeana Wenasan ludiu
1 @ 1 Y A A ~ = 9y ~
w0410 1o (crude fiber) WU A0E619 100% Wiaamsinaninlounige sesasnfeniadin
{1 1 4 1
nauuileirumsdesdaen lail o-amylase wamin laninmsnauuilan1ensdn (Hi-maize
{ A ] 4 4
260) wazmiaain laarnnseauuilanriunseesdloou lysl O-amylase  tagiou Lo
amyloglucosidase MNA1A D Tua 11091101 resistant starch W13 Wad1n lanmswauuile
NNMIM (Hi-maize 260) H13010 resistant tarch ganga 1aAAI0619 100% Wiaa1 wiaan'la
Y A ' 9 o o . )
namswauuilanrumsdesdioonlanl O-amylase tazion 9l amyloglucosidase taz e
1 $ 1 4 a 1 1 [ ]
Alannnsnauudeiniunisdesdaoon lal o-amylase 3511 luanaranuegied
HodAynana
udnnssuIsn g Tueinsamus/5 o resistant starch 1 gan 31 100 % wiad 14 ua
WenasanluudvesSuandule @Suaminlesiudulsuna resistant  starch) WU
{ o 1 4 4
waan lannmswanuileirumsdesaioonlasl o-amylase tazion sl amyloglucosidase
@ ] 1 o ] o % ]
(10819 1024) tag waan lannmsnauilanmumsdosaloweulasl o-amylase (F298149
A A Y [] Yy XK 9
51A waz 101A) H5mmmnleganindiedie 100 % wiad1 Deioeaz 58.55 63.26 Az 74.94
d‘ = [ (% 1 o dyu/ 1 Y o 1 v A
WenFeueuiudiona 1024 S1A tag 101A MUAIAY HOAINHAIBEINAMAINGTD 699D
] 1 1 H
Tanduensnidule mszidsanduleluemisuinniniesas 2 auni Food and Drug
Regulations (FDR) meﬂizﬂﬂﬂllqiiﬂ (European Community; EC) iz‘]_qlll’?l) Tﬂﬂﬂiz‘]ﬂﬂuqiiﬂ
Y

' A~ g ' 72 & ' Y & A~
IEUN ’E]WWT)'VIML’GTHGI:EITHJVIQWM@] (TDF) u1nn11 2 Lﬂﬂilcﬁuﬁ ﬁWNWiﬂﬂﬁTJVlﬂ’ﬂlﬂuﬁ]ﬁ’ﬂiﬂN

Y 0w Ax g Y ' 2 A Y g
Lﬁuiﬂ@”lﬁTﬁ ﬁ"ﬂ’ﬁ”ﬂ@"IW”ISVI?JL?(H%J?'HJVNW?J@ (TDF) ¥1nnI1 3 1osigsua aallmwmmsuu
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Y

3 A4 g Ax gy ' 3l Id Aa
L‘IJH’EH‘HW“VILW?JL@THG&J LAZDInIINn Lﬁuﬁlﬁl'ﬁ'ﬂﬁqilﬂﬂﬂ’ﬂ 6 111aatmumﬂumma‘nuLﬁuiammi

(3

. ~ T Y 1 [ 1 Aa
g9 (Yue & Waring, 1998) Tuvaizfign0814 100 % wigan lugniainiluems lunguemisid
@uleowns uamadin lavinmsnauuilan1ansa (Hi-maize 260) nuuiltrudr lusasiaru

A ] ' Aa A 9 .
10:90 do11uunaseIsnNYsuanaulega (high fiber) MMUNIATFIUYDI NLEA (The
.. . . A Yo o w A @ = [l
Nutrition Labeling and Education Act) Alaldmandaanunernuaanuaasdsusleosn
A % 1 = [} a YA v g’u I 1 9
Tuemisnidsualeoms 2.5 nTuasnilanueys Inalvae e siwiuuvaseisidu
1 v Y [l
To?@ (good source of fiber) azom1s NI uaudulesiavua 5 nSunenilaniieys Inaden

v o v

< 1 { = 4 1 oA
Whunraso s ntiUsnandulega (high fiber) wonniidivaeglunguuswmasniiduloga

UINAWNIATITIUUDY Food and Drug Regulations (FDR) (GniNﬁ 12) #9910NINABDIAY 1137

9 = I [ Y 1 v W Lg Y A 1w Y
IUITUYUIALNNIT 100% WITA !L@]i]’lﬂﬂ’]ﬁ‘VIﬂﬁ@ﬂ‘1/'|'NﬂigﬁTWﬁNWﬁLUﬂ\‘]ﬂuﬂ@’ﬂﬁUqﬂ

{ a 4 1 . . % 1
A5 19N 11 NITAUATIEHAUATNIND TN (proximate analysis) GIIEJ\W]’JE)EH\‘]WKWQIH

% Protein % Fat % Crude fiber % Moisture % Ash

Sample’ | (kjeidant method: | (Soxhlet Method: | (AOAC 978.10) | (Drying Oven Method: | (Dry Ashing Method: Carbooﬁ;d rate | 7ORS

AOAC 928.08) | AOAC 963.15) AOAC 925.10) AOAC 900.02 A)
52A 6.26 0.22 0.13 9.70 0.30 83.39 1.040
72 A 6.04 0.21 0.14 8.26 0.32 85.03 1.640
102 A 6.58 0.15 0.15 8.29 0.33 84.50 2.008
HIS 6.39 0.06 0.13 9.19 0.32 83.91 1.484
HI7 6.36 0.15 0.59 9:02 0.34 83.54 3.701
HI 10 6.04 0.15 059 9.34 0.42 83.46 5.738
5TA 6.33 0.12 0.86 8.39 0.33 83.97 1.362
71 A 6.74 0.11 0.47 8.11 0.33 84.24 1.408
101 A 6.07 0.08 0.66 7.58 0.41 85.20 1.721
Pasta 100% 6.78 0.08 0.51 8.44 0.45 83.74 0.851

1

@

A ' v v o 02 A Y Ay y Y A '
‘ﬂlﬂﬂ!‘ﬁﬁq}: ADAIDYINITA Iﬂﬂ yany 52A 72A 1188 102A A9 ‘W']ﬁ'@l'mvlﬂﬁ]']ﬂﬁWﬁﬂl!ﬂ\i“ﬂw1uﬂﬁﬂﬂﬂ

saeulaniueanh oz luaa wag eulwies lulangladeanuudlsdhud ludasiaau 5:95 7:93

wag 10:90 MUAIHY HI5 HI7 uag HI10 Ao wiad1n laoinmsneauudlan1ansai (Hi-maize 260)

o Y Y o ' o o A Y Ay v
ﬂmgﬂwnmﬂuamwmu 5:96 3:97 1oy 10:90 ANAAU S1IA 71A 1ag 101A A9 ‘WWﬁGﬂ“Vlllﬂflﬂ

0 ' P o o '
msnanuilanrumsgesalseu yiuearh oz lumatuuilatiud lusasiaiu 5:95 7:93 uag

10:90 A9
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ms5190 12 masgulSunaduleluems

Standard

Nutrient content claim

Definition

The Nutrient Labeling and Education Act (NLEA)

European Community

Food and Drug Regulations (FDR)

More or added fiber
Good source of fiber

High fiber

Contain
Increase

High

Source of fiber
High source of fiber

Very high source

At least 2.5 grams
2.5 grams to 4.9 grams

5 grams or more

> 2% TDF*
> 3% TDF*

> 6% TDF*

2 grams or more
4 grams or more

6 grams or more

* Total dietary fiber



UNA 5

asdwamsnaaes

Y
mswamamnun il naeilsdumugeiamnsom 1§ Taenmswaunilsdn

s}dll []

1 4 a o [ a

nrunsdesuadIudsey oz luaa ududuasluuiladrudrdmsumsnaamiead lu
@ H I~ o [] éj

szaud 5-7% naglnaih IdSuauilmumsdesTumaddrudrdugnudigeiuia 65% (310
A AAa ;& Y [l 9 1w A d%‘ I
wuntdsuadlanunisdeslu100% wiaduniny 0.851% twnaiuilu 1.362 1ag 1.408% lu

H [ ] 1 4 o o o
msmauuilanudmriunsgesueaudlreon leios luaa 5 uag 7% mudiay) uazyin g

v Y 1

Wuandulenenlumadunuvudndie nasrveaSunandlanumsgesuaziduleveun
a N ¥ Y 9 Y A W2 A o q ¥ Y 9 Y A v A A o 2
AnT1 Iannmiadidnimistia vl Teasildmadiinadinldannssudsanannauan

2

al == A 1 9 A = 9 ' = Yy 9
ﬁuuuﬂmﬁmu@mmmms;@mmmﬂuﬂqmﬁuclﬂ Lummﬂmﬁuclﬂimqmm 2% BIN1ETA1UD

a

a a9

¥ A a an ¥ v ,
m’l‘VlWf’l@]ﬁ'lllﬂiiﬂﬁﬁﬂﬁlﬂﬂulﬁuiﬂa'lw'ﬁiﬂllu’f]f]ﬂ')’] 1.5%
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Nl covssaiFomilunal 45wl A1esas 12 lumsvgingh

o o ' ) { 4 ) { { 3 & <
9) mmazmﬂum”?mﬁaam’%mﬂumﬁmﬁmmu,iaia‘u 3000g nJum’m 15 ‘LHﬁ 1NY

a Aaa 9 o

amladuuulaly volumetric flask 199z neUAIBTASUTIUAY 10 Hadans udaTumivs
Snet1atos 1 n3a Mudnlasauiu uazd§uBinas Wi 25-1000 Taaans dusuFina
RS ludedig

10) 95EUNTININATFIUINAITAZA18Ng 1A 10 — 60 ppm

11) Tlarhndu asaza1odiogs 18 glucose standard solution 0.5 fiaaans 1dlu

a

WaeANAADY UaNAN DOD-PAP 1 iaaans wawldiinuudani 11d1u water bath Hgmwiqi
= < =2
3709 uvaiBoaiune 30 w1il
1 1 A % ] 9 A

12) 9IUAIMIQANAULEIUBIAIDE 1A dNTaza e InTTIuAIens 0 Tas TW1a
a s A Y o ) o 1 1 A Y o
Hmesnauenay 500 Wiluwas lshnaulunisyh blank MsemammMsganaunaderh
FEUIN 5-45 UWINHAINNTUY

o Yy 9 @ [l
13) Anuanududureang Inalugedannnsminasgiu

Y 9 . o Y 9
14) ANUUNUUUDN Resistant starch "U’ENG]’J’EJEJN%Tﬂﬂ’ﬂil!fllil"l]u"llﬂﬂﬂgiﬂﬁ X 0.9

myunnerUTinaudlsdumunmsdesdoen'lesi (RS) Iaold Megazyme® kit (AOAC
Method 2002.02)
1.asal
0.1 M Sodium maleate buffer, pH 6.0
1.2 M Sodium acetate buffer, pH 3.8
0.1 M Sodium acetate buffer, pH 4.5
2M KOH
50%(v/v) Ethanol
Amyloglucosidase, 3300U/ml (Megazyme® kit)
Pancreatic o -amylase,3 Cerapha Units/mg(Megazyme® kit)
GOPOD reagent (Megazyme® kit)
D-Glucose standard solution (Megazyme® kit)

Resistant starch control (Megazyme® kit)
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asy a Jd o ]
22FMIAATIZHA0Y
1. Fadree1auila 100 + 5 Tadnsy laluvasa centrifuge YU1A 50 HadANT
a 4 ' Aa aa a
2. wutou losinay sz g Pancreatic Ol-amylase 19 AMG (3U/ml) 4 4aaa#as an

aoa

a

3. M l1unu Shaking water bath Ngaivgil 37eAuzaiFod w1 16 %2 1ua (Tag1g

U

o 4 A
‘ﬁaaﬂcluumsuumﬂ‘umima@uﬂ)

9y o A

a S 3 d A Aa aa A aan 9
4. e uea 99 lesidud 15103 4 Naaaas mengal aien (wauas 1A ud
Y 4 1 < <
Taal% Vortex mixer) THIMI894NANNGITOU 1500 ¢ (Uszun9s 3000 rpm) 1At 10 W1
5. o1gvouraddulannvaoaanladntiasnse19LuATE I

a =] o = a aa U Y 9
6. IEINNIUDD 50 Lﬂ@i!“ﬁu@I@ﬂﬂiNWﬁi 2 Jaaans avludiuvesnznou wau v

v Y Y =

. Y a J o ~ = A aa
UAIY Vortex mixer LAUAY ONT1UDA 50 lﬂ@ﬁl%uﬁiﬂﬂﬂﬁﬂ']ﬁi@ﬂ6 Haaans Uumies

=).

3 < A o 3 a g
ANWIGITOY 1500 g (Useume 3000 rpm) 1111281 10 1IN Hs19nATY
1 . A s a = J
7. 1d magnetic bar adlunasaninzney nazimuaisazare Inuna ey laason luq
Yy 9 14 Aa aa 1 Y Y o 901 gIJ
ANUANTY 2 Tuans U51es 2 Taaans adluuaazviasa nay liinu Iagneluaiatinauy
magnetic sterrer LaENIU 20 W
a = a 1% 4 9 9 d 1 3 1
8. 1Ay laaenozaaa Ul A uduIy 1.2 Tuals amanuilunsa - A9 3.8
133195 8 Naaansasluumazviaoa
a Jd Aa aa [
9.iaou o] Amyloglucosidase (3300 U/ml) 131103 0.1 Hadans wanliidhnua
[ = a = 3 =
10. U1 Water bath @il 3003 saded (1114199130 U1
) Y] @ [ A 1 < @ o o ~
1.(@mTuaeeandlITuas RS 11001 10 11)e51%16) Wa1sazaleNeondIn water

a

Y
bath dreasazateadluvIndiulTinasaiiia 100 Hatans nald191a0ALAY magnetic bar

vy 3

Y g < g Y A aa <& y ~ ~ <
Mernau nazlSulsmasasazaielrasy 100 Tadaasaletiinay TumIeenanuiGEIsey
I
1500 g (Uszunat 3000 rpm) 111uraa1 10 wIN
o o Y] ] AA A 9 1 S 3 o o ~
12.(§M5Ua108190 101508 RS 1oend1 10 1ledidud) asazarenesnain water
X { { <3 a3 [] o
bath 1189 NANWFTITOV 1500 g (158379 3000 rpm) Wura1 10 Wi (laideariinseas
I a aa
d13azanw) laelSuasganornilu 10.3 Hadans
{ s A aa '
13.9amsazaeh 1Anndo 11 w50 90 12 (Muedduaves RS) 11 0.1 Haaanas ldlu
a A Aaa ] { = I
NaeANAABY IAN GOPOD reagent 3 Haaans YN water bath 1 so8eIsaLea 11unal 20
=
U
[ 1 A 1 d‘ 4’
14. fammsganauudsvesasazate luuAazaeAinNeIAAY 510 U1 TUNAT

15 sumfFinaudlsiumumsdosaiooulmi (RS) mugas
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1331 RS (NSU/ 100 PTUAI0819) = AAE x F/W x 162/180

4 1 A
e AE = ANIPANAULAN
{a o
F = Pnang Inandnsgd 14
2 o Y @ ' Aq ya 4 o
w = WHUNHIU99A0819N 15 UAT1ZH (NSU)
J o Y = <
162/180 = unlnwes a1 ulaou free D-glucose 13U anhydro-

glucose
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{ ' a 4 o 1 a
A15190N 13 MNSAATIZH RVA GIIE]Q@]'J@EJ'NH%JJQQU

sample Peak Trough Break Final Set back Passing
viscosity (RVU) down Viscosity temp

(RVU) (RVU) (RVU) (@9M
IBaIseE)
uiletnnTua 1 143.17 100.33 42.83 146.08 45.75 79.15
2 145.42 101.58 43.83 148.58 47.00 78.40
3 142.83 101.00 41.83 145.42 44.42 79.20
Ave. 143.81 100.97 42.83 146.69 45.72 78.92
SD 1.41 0.63 1.00 1.67 1.29 0.45
ulaiudenas 1 278.83 134.25 144.58 192.25 58.66 70.30
aauls 2 279.17 127.25 151.92 193.25 60.75 71.15
3 282.67 130.42 152.25 191.17 66.00 71.10
Ave. 280.22 130.64 149.58 192.22 61.80 70.85
SD 2.13 3.51 4.34 1.04 3.78 0.48
uilaiudrends 1 264.17 107.58 156.58 164.67 57.08 71.10
2 260.17 107.00 153.67 165.42 58.42 70.25
3 265.67 106.08 159.58 170.33 64.25 71.10
Ave. 263.34 106.89 156.61 166.81 59.92 70.82
SD 2.84 0.76 2.96 3.07 3.81 0.49
wilethan Taiidlen 1 81.00 70.42 10.58 158.67 88.25 89.65
2 133.92 102.67 31.25 188.25 85.58 81.55
3 132.08 94.17 37.92 198.83 104.67 80.75
Ave. 115.67 89.08 26.58 181.92 92.83 83.98
SD 30.04 16.72 14.25 20.82 10.33 4.92
uilataudn Tainets 1 149.25 115.75 33.50 242.33 126.58 84.80
2 154.17 117.50 36.67 248.33 130.83 83.25
3 150.25 110.25 40.00 249.42 139.17 85.65
Ave. 151.22 114.50 36.72 246.69 132.19 84.57
SD 2.60 3.78 3.25 3.82 6.40 1.22




64

3199 14 Ysunaee luTaa (% dry basis) vesdledrauilasudu

vtnuils

f1 Absorbance wesidunes lulaa
Maeehauil Tumsazang 610 nm dry basis
100ml
n3u 1 2 3 Ave. SD 1 2 3 Ave. SD
udladn Tna 0.1000 0.546 0.546 0.546 0546 0.000 50959 50959 50.595 50.838 0.210
0.1000 0.545 0.545 0.545 0545 0.000  50.856 50.907 50.907 50.890 0.029
0.1000 0.544 0544 0544 0544 0000 50753 50.804 50.804 50.787 0.029
mae 50.838
udladrush 0.1001 0449 0449 0449 0449 0000  41.000 41.000 41.000 41.000 0.000
Taiuwa 0.1001 0450 0450 0450 045 0000  41.103 41.103 41.103 41.103 0.000
0.1001 0452 0452 0452 0452 0000 41309 41309 41309 41309 0.000
mae 41.137
udlagin 0.0999 0454 0454 0454 0454 0000 41433 41433 41433 41433 0.000
d1lewd 0.0999 0450 0450 0450 045 0000  41.021 41.021 41.021 41.021 0.000
0.0999 0456 0456 0456 0456 0000  41.639 41.639 41.639 41.639 0.000
mae 41.364
udlagiu 0.0999 0491 0491 0491 0491 0.000 45243 45243 45243 45243  0.000
dlewdada 0.0999 0488 0488 0488 0488 0.000 44934 44.934 44934 44934 0.000
uts 0.0999 0486 0486 0486 0486 0000 44728 44728 44728 44.728 0.000
mae 44.968
udladrusaTa 0.0999 0457 0458 0457 0457 0001 41742 41.845 41742 41776 0.059
ilon 0.0999 0455 0455 0455 0455 0000  41.536 41.536 41577 41.550 0.024
0.0999 0458 0457 0457 0457 0001  41.845 41742 41.681 41.756 0.083
mae 41.694
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A1319% 15 uilaneumsiuaSunas Resistant starch @2895 Autoclave 1182 Incubate

. , PSunamsazaienglaa 133181 Resistant starch
o 1w U f11 Absorbance
moganile 5 (560 ) ng glucosolml mg/25 ml FABE/100 mg glucose/100 mg
#1001 mg #19819(dry basis) #0814 dry basis
uilediTna 1 0.627 0.054 1.346 1211
2 0.626 0.053 1.345 1.211
3 0.627 0.053 1.348 1.212
méﬂ 0.627 0.053 1.346 1.211
SD 0.000 0.000 0.002 0.001
uilaiudilzndada 1 0.622 0.053 1.329 1.195
wls 2 0.621 0.053 1.334 1.201
3 0.619 0.053 1.330 1.197
A 0.621 0.053 1.331 1.198
SD 0.001 0.000 0.003 0.003
uiladhadn Taiuste 1 0.648 0.056 1.393 1.253
2 0.646 0.056 1.388 1.249
3 0.645 0.055 1.385 1.246
méﬂ 0.646 0.056 1.389 1.250
SD 0.002 0.000 0.004 0.004
uiladhadn Taidlen 1 0.657 0.056 1.412 1.237
2 0.662 0.057 1.422 1.280
3 0.660 0.057 1.417 1.276
méﬂ 0.659 0.057 1.417 1.264
SD 0.002 0.000 0.005 0.024
uilaiudlendd 1 0.582 0.050 1.249 1.124
2 0.580 0.050 1.244 1.120
3 0.561 0.050 1.239 1.116
méﬂ 0.574 0.050 1.244 1.120
SD 0.012 0.000 0.005 0.004
uila Hylon VI 1 0.639 0.055 1.374 1.236
2 0.641 0.055 1.377 1.240
3 0.643 0.055 1.384 1.244
méﬂ 0.641 0.055 1.378 1.240

SD 0.002 0.000 0.005 0.004
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A Y, ) A . Y ax
A15 19N 16 19KMAINTLUIUNITINNLT U Resistant starch @285 Autoclave 1A Incubate

dodrauils f1Ius1 A1 Absorbance PSunamsazareng lnd U519 Resistant starch
500 nm mg glucose/ml mg/25 ml A19819/100 mg mg glucose/100 mg A10819
#7981 #29819(dry basis) dry basis
uilatnIna 1 0.585 0.050 1.256 1.130
2 0.584 0.050 1.254 1.128
3 0.585 0.050 1.256 1.130
mae 0.585 0.050 1.255 1.129
SD 0.001 0.000 0.001 0.001
uilaiudlevds 1 0.648 0.056 1.392 1.255
aauls 2 0.650 0.056 1.396 1.257
3 0.657 0.056 1.412 1.270
mae 0.652 0.056 1.400 1.261
SD 0.005 0.000 0.011 0.008
uilathasn Tai 1 0.626 0.054 1.345 1.210
L 2 0.621 0.053 1.334 1.200
3 0.624 0.054 1.340 1.206
mae 0.624 0.054 1.340 1.205
SD 0.003 0.001 0.006 0.005
uilathasn Tai 1 0.646 0.056 1.388 1.249
iwlen 2 0.666 0.057 1.431 1.288
3 0.657 0.056 1.412 1.270
mae 0.656 0.056 1.410 1.269
SD 0.010 0.001 0.022 0.020
uilaiudlevds 1 0.650 0.056 1.396 1.257
2 0.630 0.054 1.353 1.218
3 0.642 0.055 1.379 1.247
mae 0.641 0.055 1.376 1241
SD 0.010 0.001 0.020
uila Hylon VI 1 0.567 0.049 1.247 1.095
2 0.581 0.050 1.247 1.122
3 0.575 0.049 1.234 1.111
mae 0.574 0.049 1.243 1.109

SD 0.007 0.001 0.008 0.014
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1 Y v ' P P o gy A 9
15199 17 Ysnadladrumumsdosaoon 141991335 Freeze- Thaw vodagnauilasudu

Ysmnaasazaienglna

Ysunamsazaeng lne

WSmnandldiumumsdos

fedrauile Absorbance (nm) (mg/ml) (mg/25m1/100mg #29819) (g/100 g A10819)
1 2 3 Ave. SD 1 2 3 Ave. SD 1 2 3 Ave. SD 1 2 3 Ave. SD
uilatnun Tainsia 0.773 0946 0.638 0.786 0.154 0.066 0.081 0.054 0.067 0.014 1.662 2.036 1370 1.689 0.334 1.495 1.832 1.233 1.520 0.300
wlatun Tailen 0.725 0.764 0.728 0.739 0.022 0.062 0.065 0.063 0.063 0.002 1.558 1.643 1.565 1.589 0.047 1.402 1408 1429 1413 0.014
ulaiudnlends 0.771 0.772 0.781 0.775 0.006 0.066 0.066 0.067 0.066 0.001 1.658 1.660 1.679 1.666 0.012 1492 1494 1511 1.499 0.010
sflaiudnlendedauals 0988 095  0.689 0876 0.163 0.085 0.081 0.059 0.075 0.014 2.127 2.045 1.480 1.884 0.352 1915 1.841 1322 1.693 0.323
uilatnIna 1.074 1.065 1.077 1.072 0.006 0.092 0.091 0.092 0.092  0.001 2320 2313 2294 2309 0.013 2.088 2.081 2.064 2.078 0.012
a3 18 Ysinandldumumssdesdason lsinmis Freeze- Thaw vessaatislucycle i |
PSunatasazareng lna WSunaasazaeng lae Pnadedwmumsdes
fedrauile Absorbance (nm) mg/ml mg/25ml/100mg A29819 g/100 g A10819

1 2 3 Ave. SD 1 2 3 Ave. SD 1 2 3 Ave. SD 1 2 3 Ave. SD
uilatnaudn Taiusia 1.241 1.133 1.185 1.186 0.054 0.107 0.097 0.102 0.102 0.005 2.675 2441 2554 2.557 0.117 2.407 2.197 2298 2301 0.105
uilatrunTuilen 1.137 1.164 1236 1.179 0.051 0.098 0.100 0.106 0.101 0.004 2450 2508 2.664 2541 0.111 2205 2.257 2398 2287 0.100
uilaiud)enda 1.188 1.151 1.051 1.130 0.071 0.102 0.099 0.090 0.097 0.006 2.560 2480 2264 2435 0.153 2304 2.232 2037 2191 0.138
uilafudnlendedauals 1196 1202 1198 1.199  0.003 0.103 0.103 0.103 0.103 0.000 2.577 2590 2582 2583 0.007 232 2331 2324 2325 0.006
uiladaTna 1.312 1.152 1.179 1.214 0.086 0.113 0.099 0.101 0.104 0.008 2.828 2482 2541 2617 0.185 2.546 2234 2287 2356 0.167




68

1 ' s o {
a5190 19 Pinawdlidumumsdoesdoou l4ia1mis Freeze- Thaw vosdaegalucycle i 2

Ysunamsazaneng lne Ysunamsazaneng lne Ynadldumumsdos
deehauila Absorbance (nm) mg/ml mg/25ml/100mg A10819 g/100 g 72981
1 2 3 Ave. SD 1 2 3 Ave. SD 1 2 3 Ave. SD 1 2 3 Ave. SD

uflatur Tainsts 0437 039 0472 0433 0.041 0.037 0.033 0040 0.037 0004 0935 0833 1.011 0926 0089 0842 0750 0910 0.834 0.080
uilathadn Tadlen 0.376  0.323 0355 0.351 0.027 0.032 0.027 0.030 0.030 0.003 0.803 0.688 0.758 0.750 0.058 0.723  0.620 0.682 0.675 0.052
uilaiudlevnda 0.452 0.445 0383 0.427 0.038 0.038 0.038 0.032° 0.036 0.003 0.968 0.952 0.818 0.913 0.082 0.871 0.857 0.736 0.821 0.074
uilafudlendedaudls 0435 043 045 0438 0.010 0.037 0.036 -0.038 0.037 - 0.001 0.931 0920 0.963 0.938 0.022 0.838 0.828 0.867 0.844 0.020
uflednTna 0905 0407 0421 0578 0.284 0.036  0.077 0.034/ 0.049 0.024 1948 0870 0900 1239 0614 1753 0783 0810 1115 0.552

M99 20 PSanawdledumumsdosdioeu lminuis Freeze- Thaw vesdleealucycle 3

Psuadisazarwng lnd PRunamsazareng lnd Yinadlsdumumsdes
fedrauile Absorbance (nm) mg/ml mg/25ml/100mg A0U1 g/100 g A0U1
1 2 3 Ave. SD 1 2 3 “Ave.'¥SD 1 2 3 Ave. SD 1 2 3 Ave. SD
uiladasn Taiuds 0.622 0.618 0.638 0.626 0.011 0.053 0.053 0.054 0.053 0.001 1.335 1327 1.37 1344 0.023 1.202  1.194 1.233 1.210 0.021
uilathasn Taidlen 0.558 0.559 0.572 0.563 0.008 0.047 0.047 0.049 0.048 0.001 1.197 1.199 1.227 1.208 0.017 1.077 1.079 1.104 1.087 0.015
ulaiudnlends 0.636 0.598 0.522 0.585 0.058 0.054 0.051 0.044 0.050 0.005 1.366 1283 1.119 1.256 0.126 1.229 1.155 1.007 1.130 0.113

uilaiudlendsdauils 0497 0500 0482 0493 0.010 0.042 0.042 0.041 0.042 0.001 1.065 1.071 1.032 1.056 0.021 0.958 0964 0929 0.950 0.019
uflatnIne 0.550 0.552 0.581 0.561 0.017 0.047 0.047 0.049 0.048 0.001 1.180 1.184 1.247 1.204 0.038 1.062 1.065 1.122 1.083 0.034
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{ [] o a [ A
A1319% 21 uaaatFunavesilidiumumsgesaisou laivesuilsaunsumamndsunamile

MUMUMTEIAIYIT Acid-methanol LA annealing

/5119 resistant starch (g/100g dry weight)

dograndlasudu
1 2 3 Ave. SD
Resistant starch control 50.291 52.584 53.72 52.198 1.747
Hylon VII 43599 43777  43.107 43494 0347
uilataudr Taiuste 1952 2332 1.512 1932 0.410
uilathaudr Taidlen 1:828 2.273 1.754 1952 0.281
uilataTna 1273 1.280 1.677 1410 0232
ulaiudlevdadauls 1.065 0936 0923 0.975  0.079
uilaiudrends 5.467 6.227 5.684 5793 0.391




{ [] s A
m319% 22 Pnauiladiumumsdesaseon laainiinmuds Acid-methanol 11ag annealing

70

/3119 resistant starch (g/100g dry weight)

fodradleEudu acid-methanol (day)

1 2 3 Ave.  SD

uilatnad Taiuee FUAY 1.952 2.332 1,512 1.932 0410
1 1.515 2.279 1.677 1.824 0.403

3 2.042 1411 193 1794 0.337

7 2.844 2.625 2967 2812 0.173

15 6.951 6.867 6.635 6.818 0.164

uiletad Taiidlen Fudu 1.828 2273 1754 1.952 0.281
I 3.794 4207 4147 4049 0223

3 7.255 7.246 7.063  7.188 0.108

7 16.446 16.366 16.127 16313 0.166

15 30379 31309 30276 30.654 0.569

uilataTna FuAu 1.273 1.280 1.677 1.410 0.232
1 1.677 1.661 1.543  1.627 0.073

3 1.676 2.104 1742 1.841 023

7 2.846 2.837 2.636 2773 0.119

15 8:105 9.346 8918 879 0.63

ulaiudlevdadauls Guau 1.065 0.936 0.923  0.975 0.079
1 31957 3.471 3923 3.784 0271

3 5.789 5.757 534 5629 025

7 10.927 14.182 17.619 14243 3.346

15 19.973 18.111 149 17.661 2.566

uilaiudends Sudu 5.467 6.227 5.684  5.793 0.391
1 5.892 7.585 771 7.063 1015

3 7.607 7.512 7.889  7.669 0.196

7 17.882 15.469 15014 16122 1.542

15 30.921 28274  23.196 27.464 3.926
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NSTVIUOANDA

A a Y
13190 23 SIEETRLY RS Y930 aanIdan

noUAN NaIRY
feg1emam 15110 resistant starch (g/100g dry weight) 15170 resistant starch (g/100g dry weight)
1 2 3 Ave. SD 1 2 3 Ave. SD
Bestfood 1432 141 1452 1431 0.021 1.051 1.269 1.460 1.260 0.205
Agneci 2.079 1.852 1.402 1.778 0.344 0.750 1.009 0.944 0.901 0.135
Gallo 1972 1.726 1495 1.731 0.239 1.127  0.694 1.046 0.956 0.230
ﬁﬂ%ﬁﬁéﬁﬁﬁ’u;ﬁ 1.803 1918 1.845 1.824 0.058 0.851 0.872 0.831 0.851 0.020
innzlsfidnasn 157 1065 1472 1318 0268 1513 0755 1792 1353 0536

= Y v 1 Y L4 . aa J A
MTNN 24 ﬂ‘%mmuﬂmmmumiﬂ@Elmmaullqm (Resistant starch) YDIaUAANEATULIAY

HAAS A WIEM
noUAN NaIAY
fetema 13170 resistant starch (g/100g dry weight) /31719 resistant starch (g/100g dry weight)
1 2 3 Ave. SD 1 2 3 Ave. SD
2% 0.616 0.657 0.676 0.650 0.031 0.490 0.454 0.617 0.520 0.086
4% 0.761 0.655 0.867 0.761 0.106 0.581 0.507 0.513 0.533 0.041
6% 0.968 1.078 1.072 1.039 0.062 0.724 0.868 0.855 0.816 0.079
8% 1.678 1.064 1.092 1.278 0.347 0.784 1.388 0.973 1.048 0.309

10% 1.951 2.096 1.878 1.975 0.111 1.417 1.902 1.247 1.522  0.340




A YA v
U5z I8
d' 4 ~ @ J
1. ¥ (M lne) Wi Turg gosdanuun
(ﬂ119115\1ﬂ€]‘]5|) Mr. Manote Sutheerawattananonda
2. swmueifagiiu 5OIFNANIINGG
v A 1Aa 1 MY ¥ o
3. vsnufiediinane landeuInsdwn 1nsa1s uaz E-mail
a1vI¥una 1ulage11s dninma lulagmsnyag
unIneaoma lulaggsuts
9. 1199 9. UATIIFANI 30000

TnsfAWI/ INTaNT 044-224-230/044-224-150

E-mail : msutheera@yahoo.com

A =®
4. Usziamsanm

a a [ = @ a a s
USan AU YNNG AY 1l WM WS
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o a a

mandanglamiuneldaanzimmnzaudmsuduingavemsnnnana

waoeldnn lnutaziiia (Optimizing production of glucosamine as food ingredient from

silk byproducts and mushrooms) LL‘HEI'Q‘K]‘H wﬁwmﬁﬂmﬂiuia‘ﬁqsuﬁ
minaauazanuzguantiavesoyma luIas-u TulTusdunn luudmsy

' Y . . . . . . .
oY NT1391113 (Production and characterization of silk fibroin micro-nano particles

for food encapsulation) 11HAINY FIINNUANLNITUNTIVYUNINIA
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6.2.1

6.2.2

6.2.3

6.2.4

6.2.5

6.2.6

6.2.7

v

aadnaznamennuas Tnseerdumeluvesnadidiudiii ldninmssanes
(Physical characteristics and microstructure of extruded rice pasta) (3 Lo IMAUUUNIT 2
) uraamu urInedoma lulaggsuis
waﬂizwmmamazﬂﬁﬁnﬁfmgﬁfi’u@iaﬂmﬁnﬂ’ammLﬁaﬁ’uﬁmmﬂmmgnmﬂiu
ﬂjmwaﬂﬁmcﬁ%ﬁm%ﬁﬁwméfwaz‘hjwmﬁ’; (Influences of extrusion parameters on
textural properties and microstructure of expanded and non-expanded products)
(szoznmatiunmg 1 1) uramu ainimoauma luTaggsuis
MINaINIsuITMInaeUEu lodans12A18%3 H1 (Surface modification of
synthetic and natural fibers for protein coating) (328z17a1@UHUMT 17)) ANy
umImeaoma lulaggauts

MR UTILFURA N aeaR BB 1011 5AFood Safety 3-D animation
game) (F20LAILTUMNT 6 1ADU) 1HAINL NEINULTANTTU AuRaNTZINN
FAUIIBGA AOWUIUI BN

AMAINIAzI UMV CLA (conjugated linoleic acid) Thuumasrnurums 1
mm%’ammuwwmﬁ]a'lil,cm?ul,l,amuu UHT (Qualities and contents of CLA (conjugated
linoleic acids) in cow milk after pasteurization and UHT process) (3 LeZANAWIUNST 3
) uraamu urInedema lulaggsuis

AMANTAMUATINENNUB IR fibroin 1A sericin wan T80 n3e Tnamazihdu Tny
(Physicochemical properties of fibroin and sericin powders produced from silk cocoons
and silk water) (3zgznmauiiums 23) unau unImedoma lulaggsus
msansanul1&lunsanaas phytoestrogens snsiuilordelualszme Inarive
naAuNUMs 19 premarin (Possibility of using phytoestrogens extracted from native yams
in Thailand to substitute Premarin) (3zgznamauiiums 23) unamu umimends

maTuTaggsuis
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Yandudi3e31l (Ready-to-eat Pla-Som) (5voznaduiiums 2) unasnu dninau
NEINUANVAYUNTIVY
= axy [ o A Y d' . [ A
MIANHINTTUIBMIANALA AMTNTAFHMINUDY Lutein 91059 Inundos Bombyx
A 9 A o o Aa = 1
mori o 1 uns0sd0 1Az e (sraznmantiums 2 1) unaamnu am
gaamnssuunaszme Ing
anudlulf 18 lums Fasyulns Inofluond lverms 1¥aussanimlume (Possibility
of using Thai herbal medicine to correct male incompetence) (5 vgznaaniums 116
A 1 a v = =)
PU) UHAINY VINeauma Tu ladgsuis
MsanyIM IRt 1UsAUFFTUA8IF NS Ultrafiltration 1Az Falling-film
evaporation (3 ZezAAUTUMS 3 Lﬁau) Lmﬁmu Industrial Technology Assistance
Program (ITAP) @3N%
AUALUe9 15 AU FUBUA polyester LAY cotton ABNITFNAWLIATFIUVDINGY
Ysznag 151 (5zoza1duliuns 9 1AY) 1HaINY Industrial Technology Assistance
Program (ITAP) &3IN%
= axy [ [ 9 [ a
MIANYIITNMIANALAZANUAIAIDIETT)0anteYyaDasE DNJ 1Az
=y 4 1 o A '
Aae 1sNaa NI (3202 MENIUMS 12 1A0) UnaInu Industrial
Technology Assistance Program (ITAP) @3N%

a = R e i 1 = . o Y
61141‘5&?(5%1‘]]5@11«!114% sericin-chromium AN AT chromium “1ua1"lﬁwwmm15
aA32AU LDL (Silk Protein, Sericin-Chromium Supplement elevates intestinal absorption
of chromium and reduces LDL level in rats) (32821321811 UM5 2 ?J) Lma'mu
uIneaoma lulaggiuis

= Q:{BI [ < o 9 [} % A @ an A
msangnitlesnuueFid i lvanazmaisninuas Tsavaoadonalave s u
dietlue ey (Study of sericin as dietary supplement for colorectal cancer and
coronary artery disease (CAD) prevention) szgznag UM 23 Lmtimu R NRLY
NEANUANVAYUNIIVY
msanssuIsmsnaailduan I lusdwie 1 unysasimamsunng (Method
development of fibroin films for medical products) (3 2PN WUUMNT 2 ?J) Lma'mu
unanmedema Tulaggsuis

@ o Y a £ IS A 90; @ . . .
miﬁﬂﬂlmzﬂﬂﬁ‘uii:fﬂ‘ﬁﬂimlaﬂ@ﬂ%1ﬂu1ﬁuﬂ (Extraction and purification of
lactic acid from fermentation broth) Lma'mu U5EN Yan (UHIFU) 3109
msannomIidlueuaznaasusinngiviiada ldansalnumaos uaz

o J < an A . .
DYNUD VAN Ue9 1sAUFTFU (Development of nutraceutical and pharmaceutical
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products from lutein extracted from Bombyx mori cocoons and sericin derivatives)
(Froznmatiums 41) unaamudninauIdemsinyas

62.19 MINAMILULMIHAR CLA Aunuudenuaiizensaudnaniteldlueaamnssy
(development of conjugated linoleic acid (CLA) production model using lactic acid
bacteria (LAB) for industrial application) (3 2PN WUUNT 3 ?J) l,ma'mu
unanmdema Tulaggsuis

6220 mamuuadiumumsdeslunansaainadi91187 (Increase of resistant
starch in rice pasta products) (38131 UHUMT 4 1)) 1Ay WiINeIauma Tulag
qIUI

6221 mwanwaasaaiasesdomn i luds Fuas I Tusduiirunsudsy
uan (Development of cosmetic products from reprocessed-silk sericin and fibroin
(szoznmantiunmg 3 1) unaamu uinameduma TuTaggsuis @amMenunify
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