=8p.
N

un

[ Y

PAAITHAZ U IVNINY IV

2.1 Y1ndeg (brown rice)
9y vy A Y A A 1 3 < ﬂ o ¢ [l =
YIINADIND ‘UT)‘VINTL!ﬂTiﬂ&‘,m'lglﬂ'llﬂﬁﬂﬂﬂﬂﬂm'mu IUUUNTUIVNIVINIUNTUAN

=1 «3 =} 9 a e ﬂ 9/ et [ o =<

eniufed 129 1asauilud 1Nt du1Igu (85019, 2547) NNMIANEINNNEATHLAZ N
= ~ ! 3 v Y} A v 4 A A £ LY 4 ¥
Fualiwu waadnlszneuale ulasnduaanieunay (hull 138 husk) F9THUWAAY?
Y Y < b b b 9/ A 3 A o 9
ndesld luwdadiandeslsznoudlsaynd1imiedinne (germ %38 embryo) 31910
A g ad 4 v A 4 9 o A 2 3
(Werjuman) uazmaat1Iv1IMTewaA11Ia13 (endosperm) AN TN 2.1 FIA159IM5 lLaa
o [] Y] s a a A a a « (]
d1115zneudlons 1ulamsadudiudsenoundn TaediTusau Faniudl Jaiud wazus

a v v [ 4 9 dyw o & 9
siafuen legludiuaieg veuudadng uenainil ganvarsomsdsznan luduaany 14l

o ¥

$191ufludung) (Watanabe et al., 2004)

Awn

X kRS Lemma
LN e .
§ s Palea
% B
£ AR :
Z tR IS
= . % .
- R
R o, SIRTEN]
3=t Pencarp
.
% Seed coat c 3
a is
Nucefius co:«rly':ps

Al ongd 130! eemmemey

Inner
endosperm
Endos; i
Starchy = perm L. Carycpsis
Subaleurone § endosperm|

fayer

v 4 Scutefum
Y= Epiblas)

Plumaute
172X Mesocotyt Embryo

,’/ y Radicle

Rachilta
\\ y 4 Sterile lemmae

4 o
2N 2.1 Tassadevsawaadn

3: Zhou et al. (2002)
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a Y] [ Y ' ' Y o P
mi‘U‘iI.ﬂﬂ‘lﬂ’Jﬂﬂ’m%“lﬂﬂmmﬂwmﬁﬁﬂmﬂﬂm& "lmm mﬂu"lammm“lwwawm

[ =1 ] a Y [ 1 o 2 9§ L a a @ A £y
unsrame ldsAusisasuade uvazsouusudiundnnse 14 lusfusian lududanld

@ ' o dyw @ o 4 &
WA wagaNweuguuAs1eme  wenainiidelaiulsz leminnaseimisdu yuily
amsomnshtiegun Wudiulngludnfe Iadudieg Sndediiandunazussguinad
g e o o ¥ ¥ 1o A g ya e qUY Y o
€17912 2:3 @7 89 lsAa mnihdndesugiuweliifianissen sz lvvianassll

ot ¢ a 3 1 a L= a a a

asovsidilse Tombnuiu 18un arsdveyyadasznquilludn Ianiiud waziduly

2135 WenSsumsududan lurumsusldinan13een (Komatsuzaki et al., 2007)

2.2 41InavIseN (germinated brown rice)
¥ M A Y A an o S & A Y 1A ol
f1ndedeen Aednfrdunssuitmsdfivanieniuneldndenvgasen 11 duiu
=2 w Ba 3 A 9 & y a4 {] A 20 '
Vdundosynd uaziweuwaadnmutumihmauazuas NINTUINNAIUNIZYIUMS
|a” v A é a 4 4
wizeondlensugiitsunasudiindessen (We3, 2553) Feliarsemisniiyse lewsd
s v ] [ [ g Y
110119 Taurieiloadu 1saa1eq 151 15AuLSe (Oh and Oh, 2004) LWMY 15AANUAY
v
a ' ° v @ . & Y
Tariags uazyolumsniuguimindd (Lee and Liu, 2008) Wudu dsilagiiu aszuaanu
a a o d 9 9 a A cg P ot Yo 9 9/ 2
denlundasauainindandessenliiuuniy ee91ntse Towin 1asunndindessen a9
fimsemsndny 1Aun nsaunuu1ezii Tuiliag5n (gamma-aminobutyric  acid, GABA),
a a 9/ a A -; d' ~ o 9 9 a v g Y a
Jadiud1 uaziduleens Amuvy Wweanlsumsunudandesi ludunmsuslvinanis
dy o ¥ 9 [ (] slvlyal ] 43 1 [ @ 4' 5
190 wenntMIid1Indessendagaslv lad1auay uazdisaemsiulseniutyy

(Ohtsubo et al., 2005)

2.2.1 NITUIUMTIIBN (germination)
aszuaumsenilumsalasunlasmeduduniivazma Insuimsidde dedn
! da a_ a - 4 a4 = 4 A 4 4 2
agluanmziimswsg@y Iavzimsnlasundaimeuail msuldounlaseisuiu et
I o ad ~ a !
TRumsndh I ludadhn luannzgangiinmunzan leendinuiivane lumsmislameld
WA luaeauazussigenau menelfifanssurumseigydula Tasnmsutsduas
ﬂ Y] ' E 4 ﬁ ' o o 4 ' Y a
ameiluduouaslil Tunszurumssenininiludiuddgige wsznelvifanszuaums
: - 4 [ 1 J -] (] 4
UoAFABABN (hydrolysis) tiodIn10A 158 IMITNNAIUANA vesuda Taammzaauiiely
o 1 o 2~ o Y a o o - A :3 a a
wamngdmanny Faliwah Iiiamsdunsien lsau msmuvuveslooms Iniiuuag
1 A 3’ g1 o o Y [}
daulszasuduq uenvimimdaueululiaieg aeluw@assiiviinlunisgesaais uae

Y []
wSuademisyiiadieg lasiidufudiudridglunisdiau nfefGonineulad



a & 2 Yy q¥ ¢ 4 ¥ o I .
lalas ladin daiez linszduldiouladnelumdadiahon dewdadhiSusen malting)
A 4 Y 4 ¥ g ' a = a
aermnsngniiu I luwdadnezgndesaameldamunssuiunmsmeduad sudadiuems
2 Ao < . 5 ¥ aa o .
ﬂizm'ﬂmﬂ‘u'lamswuinmqamﬂm (oligosaccharide) (AZUINIATAIY (reducing sugar)

dy I g 1 a = g o/
wononil Tsaumelundadnfezgnissldifaiiunsa ozl TunazilylInd sauvedany
mMsmIazaumsnldiaya1ee) 5y Inlawsen (tocopherol) Tnln'lasdusa (tocotrienol) t1ay

TAomn1e GABA (Wa3, 2553)

2.3 nsaununeziluiiy3n (gamma-aminobutyric, GABA)

GABA 138 Y-aminobutyric acid 30 4-aminobutanoic acid figa3luana C,H,NO,
fadunsaozdTudaseilily Tsau iunsaosiTuii1d91Anszuaums  decarboxylation
voansAngmiin tazdovdats Taiowlwl glutamate decarboxylase (GAD) §an Wit 2.2 n3af
seiumumdrdglunsiimdhiiidluasdedszam (neurotransmitter) Tuszunilszaam
daunans (glutametergic) tazferdesfunu uatriinsnaaludSinadnnduly ez
Wiaoadaues uazyi1 1A lsaeueaied (amyotrophic lateral sclerosis, ALS) #3pfi3uns1
Lou Gehrig’s disease (ilu TsnfiAaninmsidonamovessadilszaminiuquamsiauves
adnite vinudiiniAalsneneandegiiunumues uazlvdunds mlddihefinduiie
UYL Lz IFIBOUNTS NAUAIN UnzyaliFA (Lambert e al,, 2008) UBAIING GABA &3
dofumsderlszamisznnarsiuds (inhibitor) 11 ausuRamsiouna LAz UBUNEY
(116 (Harvey and Stephens, 2004) Snwadaimiiiisaunszduden 3o (anterior pituitary)
Fammihiinansed TuuiisaslumsinsyiiuTa (growth hormone) ldiRamsatraiiode
ynlnduiedannunsedu uazians lipotropic (%W choline 1A% inostal (Hudy Fuily

arstlesumsazanludiu (Daemen et al., 2008)

0 O
o"[< H, O PP CO2 O—,_/< 22
=G e
2 +
’ r\ll H; , Glutamate NH,
decarboxylase
Glutamate gamma-aminoebutyric acid

M 2.2 na lnmsifansaunueyd Tusing3n (gamma-aminobutyric acid, GABA)

1301: Goto et al. (1994)



2 By 4 o -

a3 GABA vwiiluiiisaumnu Fsaunsonn 1éia lawsssundvesemsvane
Uszinn uazezddSuauanaenuesn il iy 41ndessen 412 na 6 undes Hnnes &
USu1a1 GABA (A1 10, 6.5, 7 g 9.7 MuUSAY (Aan1an, 2554) uaeteddSualined tay

1A 1 P d' o Y a 4'3! a [ 9y a 3 < o a

limsanedennudesnisivzd lfifananundus Inan3ald dniudeiims@uars GaBa

a o o a ] A Yy a Yo a A o ' 9y a
aslumdadudioms a1 e lidus Tnn1dsuludlSinaniionesiauise Taoms
13 Inna1s GABA 1o lWilise@ntna (effective dose) lumsrsunarsnunioanlsil

14 o y

Y3wiat 20-30 findniu ualuilegiiuds hifidamuadosazvestTuranis 185uars GaBa lu

a o 4

uAaz U (% daily value) 881051UMINTs WA TDIMISIES VTR ilnSIANENT GABA
f9500 Hadnsu el 181z Tomlpdrafeiiqn Nakamura er al. (2009) Anmimsu3ing
Fonlnuan 10 5w fifimswauas GABA findaninnsangaiin USina 0.28 Tadny T
Aumsiunnaisa lasmsiuuunageuneadamandsudszmudonTnnandend
ﬁﬁ'ﬁmmfuﬁmﬁmaﬁﬂm heart rate variability (HRV) uag salivary chromogranin A
(CgA) Faflumittsdgamsndounlassasmsduveniale voadnameumelusseziaii
f1mua fie 45 uaz 50 wiinwdwy wuhlungudnanesiildsudenTnuaanauas GABA
findaninnsangaiin M1 HRV uaz CgA é%mimejué’mamﬁxﬂumjuﬂmqu Fauarasi

o s [] -
yon Inuaanauas GABA Tawusislianunsonanasld

2.3.1 lodpniinaneif3naars GABA ludhindessen
a o dyY
2.3.1.1 yHAuazmen g
a 1 a &
wilauoadiinadoUTunaas GABA #991nMsANY1v8e Haraldsson ef al. (2005)
=] 3 a a a :3 & = @ 4 [N} 3
nuhihaa lwenaeraznsaosd lunuiudisfousumdan lirmumsen sauslu
o =
$170uad (Rimsten et al., 2003) §19018 (Yang e al., 2003) uazd1218n (Mikola et al., 2001)
I - :: J T o o A o ' o 3‘ o s )
TagllSnaunuiuminy 36.41, 89.40 uag 63.00 Tadnsude 100 aswimindI0d 1R
o w ¥ 1 s (0 o o v dao ' 1 1 a
MudAy uenenil ududmssendramileusuudarsiunaeiuiduideradoysina
] 1Y) a v
Y0915 GABA 1¥UfU Varanyanond ez al. (2005) finunf5u1a GABA luseiugdives
' o o a a A =1 1 o a a o 1
UszmeIng wuhdhaiuguivennsd 105 fSua GABA inafiganiniu 186.2 fiadniude
a @ Y 19 v o = v Jdo o o A a
alaniy sesannldun drmeiufiseyusi 1 RugFoum 1 Wufimdealszig 123 uas
o A ~ o \J o ) = o 1 ) o
Wufgnssas 1 5alUSuna GABA iy 154.6, 144.5, 113.4 1z 107.5 faaniudenlansy

AUARY Komatsuzaki er al. (2007) 1afnyufSeuiiendsuia GaBa ludha 2 aewug (e



o

U v d a 1
Wu 1 Nipponbare tta¢ Haiminori) W31 §19018Wu 1 Haiminori 1615114 GABA 1nndme

L

N
WU T Nipponbare

L4
L
o
T
[ o ¥V v
2.3.1.2 ANATHALIIVIINABY
a o ¢ da o 1 a = Y 9y
ilu'lﬂllﬂ%l]Siﬂﬂ‘!‘llﬂﬂiﬁl'l’]ﬂiJﬂ'ﬂllﬁ"lﬂt’gﬂﬂﬂiiﬂm GABA U8 InY Iﬂﬂﬂ'\‘ﬂ%‘lﬂ?

~ o

ndesfiffnnzvuialva) 2 a1WuFAD Japonica : Haiminori tag Oou 359 nfSvuisudud
ﬂgﬂqﬁﬁﬁ’Wﬂzﬂﬂa 3 ’cT’IEJﬁ’uf Ao Koshi-hikari, Yumetsukushi {t0¢ Nipponbare (Lﬁﬂtﬁﬂﬂlﬁ]
1999-2001) Wut ffilidwazunialng (Haiminori) HSanaens GABA gqagaiiniu 24.9
faansuAe 100 N5Y (Komatsuzaki er al., 2007) uazwusmaars GABA lusrdnnindn

4 o a1 @ o @
PUAGLAZ$ IV INY AN 11.0 1Az 3.9 AWAIAY (Limure ef al., 2008)

2.3.1.3 Qumgiinaz M suumzEn wazaaaziineates

winmsisiiinmsanuieselumsndadindesseniitel1dms GABA sinaigs
wuhiiiliefidey 18un qmwgﬁuaznmmsmﬁfﬁ pHusuhA s nsiAufhavazlden
100 namndio dousdiindesmennzd 10s Tuiilil ph 5 18USINaIMs GABA gegqaniiu
21.93 fiadnfude 100 nfuimminud wazwizI¥eeniigamgil 40 esrnwaidod 1y 36
2 1u4 f11/5179: GABA IgAINIAY 96.36 iaaniume 100 adwhminuds (Sunte et al., 2007)
msugdndessen 3 mewuglaun ¥eenuzd 105, AY 23 uazdoum uﬁﬁﬁqmﬁqﬁ
35£0.5 pernalioa w2, 3 uaz 6 32 luemud1dy ddeslisentiu 24 $2Tue wudidl
YSinmias GABA iy 76, 77 uay 186 daaniudesynd1n 100 nsummday (15a
wagassan, 2551) Mmsurdhindesaeiuiuniaenuzd 105 huhitie 6 guwqil 35 93m
e w24 $219 "lé'i’fnﬂﬁmmnﬁﬁamﬁmnmmiqqnhﬁﬁmazﬁ'uq TaofilFuna
GABA n3a IW@n tagdaliud 1 M1 16.50, 501.06 uaz 0.526 Aaaniuae 100 nfmimin
ursveadhindessenmud iy widmiudndessenamoRuidoum Ty 14.51, 486.03

v
1AL 0.436 Aaansums 100 NTIMTNURY (TR uazAtLe, 2007)

2.3.1.4 A3ZUIUNMIDOUUAY
1 =Y A
ATTUIUMSOULUAHINNAADYS AT GABA ¥991nMIANYIUBY Yoshihiro e al.
= - ¢ o { o
2006) lunisAnulSuiaens GABA ludhiend d1iunsiad uazdnldanildeenlasns

] : v [ =3 ~ a
upi wazdasslien 23 whyesanueruwia udreuudsnguugll 37, 45, 55 uaz 85
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]
=

~ ' 4 o =] a (a
praiee wud Wevhwiundadnisenuuy freeze-dried 9:1i1/5u101 GABA gaga tazil
QuUMIoUNAY S3HIN 42-55 esruwaled sxlifSnmens GABA gqandinguwgiinis
Y o 9 v 9y Y do0 o a L4 -} o 9
auutie laea il dmsudindesseniididsen Asnssuvesen laimeluwdadazili
a Q' ; L = ' d. < 1
AR5 GABA 1iwdy uadiinszuiumsdanudeunnwdadniigangiigs wu ms

Y A A 3 o 4 g Y 4 o o q Yo '
S‘UL!‘PNlWﬂUﬂB’IQﬁ’IiLﬂU‘Sﬂ}J’IWﬁﬁil'l’ﬂHu'm‘llu aznwam“lwamﬂmuiumsaeﬂaﬂm

2.3.1.5 AIZUIUNITHIN

MsNUT U GABA ansoi1aalonIzuaunIsuiin Aoki er al. (2003) 14

.
[ =

An1Ismsnaanaasasiademudl Tﬂummmammﬁﬂﬁqﬂ NS 031 Rhizopus
microspores var. ‘oilgosporus IFO 8631 ﬁuiuamazﬁﬁmmﬁ U 20 ‘f;"ﬂuﬂ uazluao lu
anzitiomaazmaluTasouidy 30 uaz 370 Fadnsude 100 nduimiinwiswes &9
maosnUAMUAIAY uazgﬁa"lﬁ’ﬁﬂmdawuiné’:a Rhizopus microspores var. oilgosporus IFO
32002 tag 32003 AWTOHAATIT GABA TAWAY 1,740 wag 1,500 laaniude 100 n3u

Y '
TIMITNUA YD AN ADINITNALAIAL

2.3.1.6 AITUIUMIUYIEOAUTS
A =1 ! 1 a a a - d o

ﬂiZ‘UTLIﬂ'l'iuslﬂflﬂﬂu‘lN’dﬂNaﬂ'ﬂﬂilﬂﬂlﬂiﬂﬂzUIuBﬁiziumﬁﬂﬂﬂﬂﬂ'ﬁLﬂtNﬂﬂﬂ"lU
o a d 1 o g ' 4 v ¢ da '
WU Hordeum vulgare L. ‘mﬂ'u‘luﬁmmmuuuaszmwa WU WAV MIUITLQYNHIUNITUY
d a a a 1 4 v I a0 (-1 v P A
wdalifsunansaest Tugenuwaadminsmeidumsusey 3 o lesninan1igiil
ao o o Y o o o* ~ A = ]
gamgiimannsamilenhioasnsdunszd lilsAvanas uddionfouaasdivamsus

< a a a
@onuda sziamsulaountlasansngamiuadase liiiuas GABA (Sergio et al, 2004)

232 dszluvrvivesas GABA
2.3.2.1 msgedszamilszianastiudauszumlszam
o LY a0 4 9 1 d - 1
215 GABA mihndsleesunas lsansznudhgnelumadiszam niedelosoy
- ¢ o q VA A ad 4 4 a 9 ¢
vanves Inunadeneenninmoaa  milddemelnlszynuiu  uazifamsnszquiaad
Y o 1 =) ' 4 I a Jd 1
ANYAUZAINA1SNI hyperpolarizing inhibition Tuvaznuwadiisualooounas lsaeg
1 ) 4 L o 9y a o ° 9 P\ 4{ P
qanhszAvaugad  Fohlddanszuanaelsanmely  wesih dgadulszynniiene
(depolarization) Daemen et al. (2008) WU M3 Inad1Indeaseniiians GABA 14

b4
ndesnd 15 v szaunsetlestumshameauedlunynanedld Aniudeldtimsims
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GABA 1 luasmsunndieonisSae Isaoduszuulszamane wu Tsadandaaa Tsn

] a Y Y 4’ av Y ] dyl 9/ 9/ d‘

wou'lindy  Tsmaudn fudu  wennnil  wamsitedugunmiiedi dundessenii

9 s 1 3 o b . . .

sznounis GABA ddautelumsaannuaulania aad3anm low density lipoprotein
9 ]

(LDL) anpinisoalawes aatimin mildfnssad aasasuldinialsamerduszuy

Uszamaunannld

2322 Fnwaugaluanes
o L] 9/ 4'1 d' 3 Ya a

@135 GABA Hdausslunmisngamsnszduaelszamnimivialufaniy nszau
aszne Suhunlfifunnaemlszmniioaannunion anuianden uazmsueulivdy
[ a [ £ 4 @ o o Y A o A
WAL valium Fudunueundy dmiumsldms GaBa Wumsdeinlszamuie
a a 4 ' d a 4 o
2 lsnsuaiimpes (neurotransmitter) vz0ldradauauinnIsauA? MaueIvIa GABA
sl ldifalsnantdmy (@nindndedsemsa dninaunssuaiveyumsadadsy

qUAIN, 2554)

2.3.2.3 Ysaannuaulana
2IN169TUVD9 Okada ez al. (2000) WU M5 1851 GABA Annafuiy 8 dilaiviag

(] ) a ° v @ dg 5 ] Y 9 o ﬂ ad
Fvaanuau lara uazii ldusunduady sausreldsamedgeengianuiluilnga

2.3.2.4 teanulsndiu
[l (] a L4 Y
a5 GABA Hdwsslumsaatsualasndelsa (tiglyceride) luduuazlu
a o 9 °y Y] 9 v 9 A o 9/ a a o A [
nszualaria  dhldimidnoaas  nszdudenlivie  Fvihwmihindases luunaelums
9y 1
wigdula afwilete afuastlesdumsazauvosluivu way low density lipoprotein

(Fujibayashi et al., 2008)

2.3.2.5 esfumsifalsndalumes

luSors1 fthoesqadennunssi iilesnniini/ Indaiia beta-amyloid peptide u
avoah aveshauludulnd  Tasi Idavesdwanusninuldasas  vinmsfam
Taomaneslimyfudnndesfiusih FedivSinmms GABA genhidnnanads 15 wh
wunneluauesvemynanessziamsileaiumsiiaioauedain  beta-amyloid peptide

(Saikusa et al., 1994)
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2.4 ©1MIINFQNY (breakfast cereal)

4 .
M3vs lnaomsileniinnudngiunganssuvesaunalyd  mwsizdwansenude
a ~ 9 ° A 4 o a Ao av 1
ﬁn15ﬂ31“ﬁ1u1iﬂ1uﬂ1ﬂinglm%“ﬂ%ﬂu Iﬂﬂlﬂwu’,@ﬂ?\?ﬂ\ﬂulﬂﬂ')ﬂ!.ﬁﬂuﬂllﬂ']u’mﬂﬁu'ﬂﬂ'ﬂ

o g = ' a = g o
mssudsemusmisiiodniinadeng@nssumsiSouivouan (Mahoney ef al., 2005) 9y
Y 4{ 9 g c{e v A [ : 9y a Yo a 3 d'
ulﬂ'.)'\'fn'ﬂ'\iilﬂtﬁf“ﬂullﬂﬂﬁ'\ﬂﬂgﬂ’fIQ ﬂﬁu‘u@'\‘ﬂ'\iL%T‘V\iﬂiﬂﬂ'ﬂﬂ“ﬂ‘ﬂﬂ'\ﬂﬂ!uﬁﬂU"‘] 11‘!84?]
o o A Y o M A 9 o o ' A Yy o A
daandlegiiu  Aeemsinsyirneglugdvesemumiduiogling  nieemsiniyny

o ‘é Aad =) d’ LR} = -~
W%ﬂﬂ‘lﬁiﬂﬂ (ready-to-eat breakfast cereal) mmrimsmmwﬁzmﬂ"lnqamﬂmmmuuum

Y oo A g

b4 v
Tmniuandensudsenulduil Aromgiomsinsyiyndouns Inaluilegiuidelasy

o

a 2 4 ' oA
ﬂ'ﬂiluUu!WU%ubﬁWﬂﬁ@lu@QIﬂﬂﬂaﬂﬂ

o = 1

4'1 T Y a 9/ (] 4 g Yy a K 9 0o =2 <2 U
!MENinﬂﬂi;]ilQﬂiiﬂﬂ61ﬁﬁw1ﬁﬂlw*ﬁ?u1ﬂﬂlutfl‘]uﬂQNLﬂﬂ HATAIIABDIATUINIFUAN

a

9 U

o 4 da S a
malannmadiudde waitiony 2-12 1 desmsgammialnrunsiesas 91 vesl5unm
PRy o ' o 4 Aa =S Y v Y a P o
Muzthaeiu wniiieny 13-18 1 desmsgumimelnrnmsiesas 75 veulsmnanuuzii
Aoty uazerguinn 18 1 Aeamisguainis lavunnmisievas 61 veulSunanuuzinedu
a (Y g s ) [V | o =t
([Aasu1 uazAmz, 2540) Anlue By NE uzdmiuan uazyanana il el

guamelarumsge luiu toznas-aawesead 1AMl laswmwiznguusddaiiull

'
A A

U [ o] = @ a T o o a a
uazuIsg 3 man uuniidounesdanzdun uatgyisildduiagaulunsnanemisdn

=) 1 [ o

dnnansaesiiludsaanladu  msviTanomsdnsyiys s idilymdnan

o

[ t 4
wuall mawuuiluuvasvesladuiia wennniimssulsenuomisdhiaisiuiuu

° 9 Yo 1 A o P 1 3
g ldsumeldsugummelnrnmsna waziminzay mldtgaamelarnmsgeain
4 a @ 1 a a a a A a a o

dlosninansomisunsialmnlusyiy @y Jnlue Jadull Inud wazsigman
d' A & U dwsl U a a s =) % a a A

TuvaznuuiilSunamsmaniidssnnuaiilSua 1Usay uaadsy Woawesa waziaiua
o 'd Y] (] 1 ) 1 [

3 (@adnual, 2549) Tagomsdnsyisansantaifunquaudnuaizag 14 4 davae

3
" @ a o ¢ a @ a ' a Y
18un druazvondadiumn sinvesingay uaznquius Ina asll

s Y [ d 1Y 1
1) ewnsnEgsulmudnyarvewansum o1 sy Nyasau

Y a  w [ a o A ] a o s
SNYUSYBINAAA U 14 5 Anume naasuanianyuziluury (flaked products) HAAS AT

I w

@ a o q" a o oS
ANYUSNDINTOY (puffed products) nansuanisnyuzilury (shredded product) HORNUNT
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o o [~ a o S :‘
fdnvaziudia (granular product) O GG RGN R T ARG (sugar-coated product)

(WHTUNT LAz, 2542)

o - '

2) emnIMNsyNsuiimNYHaiagay sty Nrususiatagay Taun
3 3/ a4 9 s 9 A o ) - T A & A o
41Iwa 41aed 410180 411 wieoevhnnswestyiriialarianils nieswnunaie
= 4 a | v @ A a )
¥iin (930U wazdum, 2536) uenninms IFudlddludunaumdndaimaiuguaims
[ [ 1 . a w oS A LY a 1
Tasuins wazdsuiljednvaziioduiavewmdniusitiomssensuvesduiTnn wu ms
o & Y ¢4 < 5 4 v ;
WAUVULVLIRGINAL IS IRINaUNIANA 19 (Altan e al., 2008) taztnaad1d Ina (Holguin-

Acuna et al., 2008)

4

Y o A v ' Y a 1 Y oA Y o A
3) E)“‘n‘SW]ﬁﬂJ‘N‘\Sl!‘lNﬂ”mﬂQNQ‘lﬁiﬂﬂ lelﬂ 4 N AD ﬂ1ﬂ15l%1ﬁfgﬂ‘ﬁﬂi$mﬂ
t!y . i‘_] Y A A Y A ae o d
NWUF U (basic) UM ﬂJW%ﬂiZlﬂ‘ﬂiﬁ%ﬂ fJ’l‘H'liL"'lﬂﬁﬂJW"]fﬂﬁsmﬂ'iﬂ‘lﬂﬂﬂ“’i'imﬂﬂ

a y

(child taste) WuomsnFyRsilsannu omsdtyRrlssnniNeguan (health) 1flu
Y o M A ) [ - Y a A g/ 9
oSy RyNguiuguame lnsunnmsiegquan uazemistntyWskauna ldouus
[ P2 3/ ' 9 .
Wuemadniyiainauwna louuds 1wy uzazne ueilila niefisuurs Huduy (Baublis

et al., 2000)

2.4.1 Tagavlumsmlsgle sy

2.4.1.1 utladn

ufladlums o lamsafidesdusznovvosmsuou  lalasounnzeondoudiuday
Tng) TastuSeru wu Tsiu luduezindeusterinn daudliingalaeialufidsd
oaftsznoudusgnezioni Wand (flow) (VAR5 uamﬁ{aqa, 2543) Fanvhiiveaudls

o A

¥ a o 4 ¥y A [ 9 9 9 ' a
mﬂuwamnmmmmsmmym; 1313) uﬂﬂ‘i’]"l’lﬂﬁﬂﬂ (¥172491) "lm]mm‘nNmmsﬂmwummz

v
a 4o

g/ a @ @ 1 Yy o A A gy 9y
ll‘ls]s‘i‘lﬂ’)muU’)lﬂu']ﬂQﬂU‘ﬂ’d1ﬂfgﬂﬂﬂ'lﬁll‘lji2119111151‘11'1‘5&37'% mmmnuﬂwnﬂam 1§13}

v = a9 oA ﬂ 9 Y a o d o Yy a o It o
H{]Q‘\J'I')Lﬂuﬂ']‘ﬂznﬂu']ﬂiuﬂ1il uiﬂiQﬁS'N‘ﬁﬂﬂﬂlﬂQNﬁﬂﬂﬂ!‘ﬂHa%V\'ﬂ“Naﬂﬂﬂ&mnaﬂ‘ﬂﬂl%

b 4 ]
WioduAannIvLLaENDY

2.4.1.2 uilatnlna

a v d 4 1
uthdn InandannnmsadamuthnnudadnInanun  uazudiadlr laomsuen

1 o é 1 1 d.
ddnuaziasneen  wmasoulaadusFaududivveuilouslsld  uflidninanlay 3

ANINNUARTATIYAIT IISUNIFIA
R MG ERVRRL:|
‘s r - -~ —
o & ) C} ~‘,\;5‘
l suft. L. 4. WL 200 P
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| (DUNSIUUM conssvonaniseensssimsssssivivaensanss
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dnuaz Ao ¥ilane1y 5en9 com grit ABUYAIBYA (5UNT1 com meal LAZFiIAAZIBYA
= 1 9 g a o 4 9 ]
Fonn utldnIna (com flour) wenvIAMuRAasuaIBIITIALTsd TwaTugiuuudien

s Huemsd wazvuuilidnaina Mdduudlegunen @ ¥ysun uagagius, 2548)

2.4.1.3 ¥aa

Q(

9y ' v 9 ¥y
waralasia livanede shataglasa haaiivatesida 1Taua dhaianswusgns

J FS a9 2 g 24 i 9
Wimansiouad daansedy diaialedwaziiaauvus sy mwﬁﬁmmmma‘lu

A A

a W 's o a a o d v a o o,
HanfuMNe TSRy Ao IinausauazaNuMIUveINART Mg a0 1d Tvoswdaduand

De

] <1qu I

(] 4 < [} a 1 (] o a
Ju e liwdadantianugududu1duu sremuganine lasunmsuaz e i S
v

1119e52ana9 (INTUI LazAM, 2540)

2.4.1.4 1ha®

o

unimuindvgueunieaonslyesaemisuaziunumlugaamnssueImis

w1z 3305 1 higaennuazsinign maldnde luszdugaamnssuemis 18 ldindeduans

Wunause indelianuauisolumsilesdunsyadovsseinis 18 iwsizindesivan

o/

dy - a oy a 9 4 2 Y ~ a L4
mm%umaﬂsmmumﬁiwmmmim (nauseN, 2521) %Qﬂﬂ’lﬂﬂlﬂ\ﬂﬂﬂﬂiﬂﬂﬁﬁﬂﬂ!m

Qo =) 1 @

9/ A a ag Yy I a o I’ 9 g a o Jd 9 A o
IMIINTYNY Ao FaowusanA Inuakdasun laolnsmaulundanun $au1d lalinigs
- 9 ] LY a a A - a °y a
lumstiada uazsvtlesdumsnsyi@ulavesuuniGe Tasndess llaasuanidassas

ANTU LazAME, 2540)

J (Y
2.5 NITUVIUMIBNYNFYU (extrusion process)

a 9 w A 9 a a ilgl ' d A

mswano s syNyniowus Ina awsondn lavategduuy lasginsaivse
A [ aa ° 9/ a 9 A A A L4
Lﬂi6\1‘\"lﬂ‘i‘Yl‘NEJiJu'lil11‘11114ﬂﬁﬂﬁﬂ’ﬂ'l‘ﬂ151‘111‘5%17\‘11114Qﬂi’ﬁﬁﬂiiufﬂ‘ﬂﬁ A9 INTDAUDNUNG
J A 3 @ a A ° a vy g Yy

1913p] Luﬂ\iil'lﬂﬂ‘ix‘lJ’Juﬂ'lilﬂﬂ“lfﬂ?‘%NiJ‘ﬁ'ﬂﬂ o ﬂ?iJ"Iiﬂ‘Yl"lﬂ'liNﬁﬂ‘lﬂi'Jmi’J LLﬁ&’i‘lﬁxUZL'm"l

a 9 =S o a a o dy d' d' 9 9 a []
1‘Nﬂ1iﬂﬁﬁ‘uﬂﬂ UBAIINITHAAY Naﬂ"lﬁ'mmumﬂ wummzusNmmﬂﬂﬁumiwaﬂm
& ] a a1 9 A o o a A 9 a o A U 9y
HUIN UM IHAAUMUDULUDINUUNUN IS UIUMITNAALUUDUT AU UNITHAAAN ﬂﬂﬁqu“lﬂ

ko E 4 [
nainnatens lundvesiagdy Yuasumswian vazmsdiunldsuanizniseas, aunse
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Puasuannzmswina uazgluuuniulounld vazmsdsunldouiagauldvarnnaie

qQ

v
A o w

° a o a 1 s
miinagalse Tesi ludumugaaimelnsuinsaaeasudnyaziiodudafinannany

D.

A 1 o = 4 -
49 Loz Idlunszuaumandauuudy (Patil e al., 2007)
2.5.1 dsztanvesemsnsgiylaanszuaumsendng vy

2.5.1.1 #uY direct expanded
a a o 3 [ a
ATTUIUNITNAALUY  direct expanded l‘ﬂuﬂi%‘U'JuﬂﬁNﬁml‘iJ“Uf]ﬂilug‘ﬂ’Jﬂﬂﬂ‘U

L]
L

a ' = a a o P! a o 1Y
Tagase iiagdinluanizngungiiqe wiaduain ldennssuiumswieil fdnuazgn
Y 9 A o - - | [ a o 4 & 9/ dq ¢ 2
HAEWBINAIBINIINIATRIENGN MBS U Hjis1wdndusmilountulaun e ¥
o a Y 1 o 9/ a g a o sy ¥ o
asominsnaa lded1esaas uazldussnulumswiados naaduan ldaansoir 1y
:‘ 4 1 a o o & a [
wdoudlotiudon uasndutazouuiy (QWAanYal, 2553) FINIWAAUUY direct expanded
[l =1 Y a @ [ @ a o o dy d
davanngldndadnInadiuingduvdn 1wy mavaHaas M v HIYLREIINN AR
o ) ' A (a g " w
11lna Taldnszuaumsiendnidu wudilugasifidsueundadninagegamiiuios
A o ¥ a o sy Yt Hdd ¥ a LY
az 93 sk UATSUIUMITIBATNGIRALd AR MAN lATinwnsouNeIRA JuT Tnaldnis

gausSuUNNToaz 80 (Boonyasirikol and Charunuch, 2000)

2.5.1.2 #UY indirect expanded

a o a - | ¢ ¢
ASTUIUMSHARULIY indirect expanded HunszurumsnaalasldinTousndngines

A 9

e ldudlslagn wazdagisrluanizigungiidindy direct expanded (Hosn1ngainigil

° o Y | .3’ a Y] 9 o A v oA a o R

a mldfsinaenusuludlafanmsnsznedilden wazdmunioogilondndmainig
£y o Y a o sy ¥ R o [} A 9 v 9 ° 1

Aanvhudaveenu i ldndadsunnla vade hinoamSeneaion UnABIHIY

a a o o‘dy a

ASYUIUNT gun puffing 50 flaking process NTTUIUMIHAANAANUNHIUNAUTATIANIU
' a o od 4 ¢ P4 o

UBUAN direct expanded breakfast cereal Naﬂﬂﬂ!"nﬁﬂﬂﬂHWiﬂﬂlﬂ?ﬁ]dLﬂﬂ“ﬁwglﬂﬂiuﬂ’lﬁﬂﬂ

= v o [ a 1 Aa o 4

39N half-product Choi et al. (2007) lAhimsAnuIMssousUvedYs Inndondndaal

v a (3 1Y [} '3 o a @ o
puffed snack MNutlatadas wud nasnndunszuuMsiendngiuuda ldndanumn half-
A 4 v v a Ay Y a )
product NiiANuFuiesay 11 mynaunuutlnrdasndesas 50 Jus Tanldazuuuanuyeu

' = [ o o a
11NN 6 AzLUY (Fouamioy) luyngudnyaziiimslsadu
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o da v a a o d
2.5.2 ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂﬁﬂﬂﬂ&“ﬂ

o A 1 a a o 14 4 o a { a o J
Jateniinadensndananiuan  o1utsunnningay  NiFlugasvenaniuam

@ a g o a ' o o @ o
sudinslivlinannusuvesingduneudignszuiumsiendngdu (guanual, 2553;

A v
AuanIT, 2541) Tawditladusnes nneados astl

2.5.2.1 ngau
Y
-anlna

Y

k) Y ~ LY 9t Yy a Aa o L4
FnIwadluiagiausonesia 1dduaz Idnausanandaimsiondmgdu
a o da £ a A =] o a B g g
waafuNNANNTEY  Huuanadiesnnlinmgn  lasa lldenldluziveunaadinina
, 2 a ad 1 [ 2 1
(com grit) Fuilurtiansadfirumsusndugnresudansduiendaiivdmvesi
v [
ApNAUY NN ANLAN (tip caps) HazaIyN912THA (germ) DBAUANIWNIANUAZDIA LA
@ LY 4 ) LY { o
uazdnvuia  Uszan uasginidnusl (2550) lAdmuemsdntaistinaadin Tnaily
'8 1Y A o d 1 A a o A a a
psntsgneundndiunieuendngwesuuvanig  WewlSuawdlsdandosniasuasy
g 9 9 Y a o et dy @ v A ~ 1
uwnuinaadn Inaudr ldndadusinlidodudod  Jguamalasnmsgs s1gn Tao
= o A o o 9 g/ g v : 9/
annsaasuufladamiesadaluiuiovar 16 ludninandadosaz 77 haafosas 5
= 4 9/ a a A 19 v b4 1
unalsumsUauadeeay 1 Imdwndousievay 1 uazinlfnedesa 2 vesduilszney

&
YRNUA

k74
-4
1) wada d Qs ] = v 9 s 9t d%l
dnlquanianalumsendngdu  wuReatudia Ina wesd144 iile-
v W v a 3 [ o a o sa a
dudansen udldnausadeud1i¥a (bland) minzdumsilseynd 19 luninsusindesmsiay
samaouq douldlugdveslmedrmiednimihwue msmingaudemsiloudunios
Jd Yy o o vy a o = o Cd
earngaed uazilaedninmgnilddugumandad wgd wazpnanual (2550) Anwn
o a 4 o/ a J @ 1 o
dnwazmuaii-menmusalmedn Adduiagaulunssuiumsendnifudenadnuus
4 a a 9 1 a a v a a = a
vodpnINgANINAAld  nunmsnulSinaveddingay  WSnallsdu  wesdSuia
LY ' 1 L @ o Q’ J o ! o
Ty dewalimnammunnivvewdadaaiiiniy - wazdasidiunsversdnans

::’ a a o a Y [ (] a o d
wennntmsmulsuia sy uazdsuna luiuaswaliiag setback YoIHanAUNAARY
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=)

- SNy
imsldsgyiysiadun Wuiagdn wu Swwvin  (Alonso er al., 2000)
11 Ina (Adrian et al., 2008) HANADY (Yeu and Lee 2008) (taz41 (Mukhopadhyay and

o a o o [ a o 4
Bandyopadhyay, 2003) Wudu vildwdasasildasemisisuiiudesemelunaagoas

v
ATUDIU

2.5.2.2 vuneymavesingaunlyluminana
oymanldmntivinanzBoaiulUdndadgmlumstlou (feed) Wundosendns-
wos hldiRamangaszin gaduuar Inif1d widwnanoudullewildulaluiagay

v ¥
an 1d it 1itedufannunsydrslinseujy (Mohamed, 2007)

2.5.2.3 YSmnadlviluaunanveadagdu (fat content)
a Y] (1 @ a 1 1 -3 v @ a o g
Psnalvivludiunauvesingavdinadelassadn  wasiloduiavssnansas
d‘ Q@ a v @ a a a 9 a s
oann luduszi@anssaudaduuei Taaluudls wadumsFedouvosueiilaa-lusy
(] @ a o 4 4”
(amylose-lipid complex) dawaldmsnesdrvesndndudianas (Hoan et al., 2008) UdNIINY
@ @ a o =1 [V -1 Sa =1
luifudedanalindaduain InssadwanvaziluInssomevuiadn yazliRImiG oy
e' va a o I's 4 Y]
aduaus Iwe (1998) ﬁﬂymmanmmamﬂn1wwammmmﬂﬂizmumsmﬂwg‘vuTﬁﬂms
AU 83 18IUY0 full-fat soybean uazIwMA WU 1iIDSATIAINYES full-fat soybean aAAY

a o S Y o A .3
Naﬁﬂmmﬂﬂnmswmmmmu

2.5.2.4 Y3mnaudulae1m1s (fiber content)
9 =} T 9 d’ v w a o I o 9/ a =}
Wulsomisiinade lassaaziloduridussnansadl (msi1zeeyinnnmiiou
o o @ : «
solid filler m‘lﬁaﬂumzmswewmTmaqavmuﬂawmm"lﬁ'mmm (Stojesska et al., 2008a)
@ \ A i 2pd A s I
AsUAMIMULIUYRIHARS s v UV oY I audu 80 MISIRUTY Altan ef al. (2008b)
Aa a 1 a @ d d @ 1
ﬁﬂymmmmimuﬂsmmﬁ’u“lﬂmﬂmnagu“luwamnmmmﬂszmumsmﬂwg‘wm
P a o o Y] 1 4 a
AUNNNNNBNALAEMUATIVDINTANUATIINNITZUIUMSIBNFNHU WU inrfSinaes
1 Q‘ ; 1 =Y o o 1 @ 1 1
@ulovinmnequiiniu danalinaasuditsnsidauniswesiianas uazAnNunL LY

a 3 ' - @& o w
INNVUBENNUUITIAY (p<0.05)




18

2.5.2.5 mm?umenmﬂmwzi’]w (feed moisture)

Q

a

Ao d dy ) cid 1 o a 1 Yt a
Tunsdinfinnudug qmu"hJummu“lmmmnmmi"lilmm'smzmuvlﬂﬂ NANS

v @ 1

v v v v
WoA2ti e 1Laauwﬁﬂaumaﬂsamm Wauuy  uadnnuFus TN Nz ay

y
o a o o o a o o o A
oz ldndadust 18sunnufeounnildndnsasiidinia Stojesska er al. (2008b)

b4
@ a [ a 1 a w d S
AnvwavosnsfuulsdSnannusuvesmstlouiagRudeamnimuewaadai ni
1 =t o 3 4 s g [ a
dunrunnutand  wazaarfynd e wuh WeszAuAFuvesmstlouagay

a J 1 U a o o 141 a a J [ a o {
WUYY ﬂﬂﬂﬁ1ﬁ aa L* 993NN UNaAal UANAT a* mwuuamanymwmwammeﬁﬁ

Yo

Y 4 . a o da a ' ' a3
hlﬁllﬁu’]ﬂ‘m!ﬂu‘”u u@ﬂﬂ’]ﬂuﬂﬁﬁﬁﬂaﬂaﬂﬂmm‘ﬁVlﬂﬂ\nlﬂ’]ﬂ'nllﬂuuluu LHASAINNULYY

4 2
INUYU

a 3 [
2.5.2.6 Qm‘ng‘ummm:‘,mumsmmmg':m (barrel temperature)

o 4 @ 1 1 [} 4
@mﬁﬂﬂ“uﬂQﬂﬁ%‘U3uﬂ15!f)ﬂ“ﬁﬂ§‘%u1lﬂﬁﬂﬂﬂlﬂu 3 999 Iﬂﬂ“]f'Nﬁ 1 ﬁamamsﬂammz

Q Y

a

mswa Hungiiniiy 115 esruraifed 9297 2 Aesramsuia gungiiiidy 140 uay

¥
[ 9
#2971 3 Avgrmsysduniodrohiniousugn fimsfuulsgaumgilugaeiiohay 150-180

[

asrniaiien tinsnngumgilugaed 3 fidaradenaaduatatenn Tasms14qaingiias
Aﬁu"lﬂwﬁﬁﬁ’mcﬁﬁ"lﬁ'ﬂzﬁﬂmm‘?uﬁaui’haqa ildifeduiasoushaniios (tough) @t
guvgiiquiulderei ldndadudt Ind14 1y drgainginiseenveunseswinndi 100
ssrnmaiFod v 1dndafausiinosiuiindiesnnnnieuilesnnfamssamevesih uas
manlasulasnnuduediesiada daundasasnisnyas linewfindeonuien
m%‘mLﬁmﬁ'ﬂaﬂ1ﬂmsaﬂqmwgﬁahﬂﬂé'nnaaﬂaw‘ﬁﬂh 100 saruaaiFed Hudu e
flosfunmisnesdrvesndnduat uaszweandannidarudou wu Tavisasnea nieey
(Arhaliass et al., 2007)

Chiang and Johnson (1977) lRugaslfiiudennuduiutsznitennudunas

[
a o g A

aamnﬁiunszmumsmnmm%’uh fni1%”3,ﬂﬂﬂ1jﬂilﬂ?1u‘lﬂld6u{llwﬁﬂ (%'atmz 18-22) ﬁ

q 9 q

y a s s

aqunﬂmﬂma (88-104 eammama) m'lﬂwammu Nnnuy nymwﬂauﬂumwa Nzﬁﬂf’ﬂﬂ

y v
a o - o

wnaidn uazifleduiaseudhaniien mningAviinnudud (fevaz 10-14) figumgiige
.
(93-121 msrurmiFea) vz 1dnandadtiines Anumznnuaziizomafineiu deily
a o 4 s 1] é a s 1 o'
suniaee ldndadasiniidnuaznseun dsdr dqamgiilumsiendngduneudisdi (6s-s0

14 ]
eerniain) Uinanauiuee hilinodemaifanard lussunnmin udeeinadiogamai
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d

b4
o o 1 a o
PAENFHUGS (95-110  daruraiTen) aANuFusziiioegluniadusiodanemuig Tay
a l 4%’ d' A 9 g a o Y o 1 Q
Psnaanusuiiinzaw fie Jesaz 13 hanusuguinll wilddandiumnesd
a o I ~ Aa a
anad uazNaAN NN 1A115083199A7 Chaiyakul er al. (2008) JAANHIHAVOIAN1IZAITHAR

a

4 @ v . :
Agnszurumsiendnidudeguammunil uazmon et Tsauge wud iegungd

4 Q’ J Qs < d‘ ‘!' 1 ) =
melunTeunuiu Jagauniiarsdsznoululasoudszianilails U5y (non-protein

. 5 -z o a da -~ ~ . - Af o 1
nitrogen) ziANUFUAARY uATAALNN TIsAuszianTadu (lysine) szlinnuFuruAy

b 4
a A J a '

A o J ey e J e ! o
Iﬂﬂlﬂﬂ?ﬁﬂﬂﬂiﬂﬂ’ﬂﬂ%“ﬂ;ﬂﬂu HAANUNITUANIUNUIUUGIVU DATTITIUNTTNEIAIDADY

Q

o < .3’
HRAZUAIANUUUNININYY

2.5.2.7 ﬂ‘swuﬁneumaaang (screw speed)
3 o A& A v a  w o & @ 3
ﬂ’J'lllLi?iﬂﬂﬂlﬂﬁﬁﬂg!ﬂuﬂ%ﬂﬂﬁuﬂﬂﬁﬁﬂﬂﬁﬂﬂﬁﬂﬂmm FINITHULYTANWTITOUVDS

o

Yo s A a A ' Y] A o o o q ¥
anggaeziidingemsgnidead  ausudeudeusheganilumiosendngines lv
a o o Yt a o da Y 4
snathluiagemissemelaa  wiadusiiiuud lduneeweann¥y  (Gaosong  and

o bl o .
Vasanthan, 2000) Chevanan ef al. (2007) lafinHan i 1uesanguazalsunm distillers dried
grains with soluble (DDGS) launnnszurumsndnemusanindinlna lunszuiums
a 1 a o d 1 4 a a [~
HanABAMAINYBINAAANN WU tiie1Tu DDGS Tugasniswan uazanuiEseuvesan
o o A J 1 ] Y 1 Y a g
T lunszuIuMsEAENIFumuIUdIHaldA NuMULY tazdasidiumInesd mvauies

y
az 5 NYATHUFIY

2.5.2.8 31qu*u'uman§ (screw configuration)

é‘;ud'zmlmaﬂgm%' uazﬁmmiﬁ;udaumman;ﬁwade;ﬂuummaﬂg Tagtawz
funTesenangmesiuangg éaﬁwaﬁiamswan‘uaﬁmqﬁmmz“v’i’iﬁqﬁuﬁqmamum?m
swasudon wisnunailifuingAy uazqamgiveslaniwlundes (Veronica e al,
2006) &9 Altan er al. (2008) wuhmadenlfangfiuanamsudsnadenunmuesrandas
wmuRsnndniiad Taswdasusiimuanizildangunmsuanas Saumuuiu

o ' a o I 1 { '
andwdadanniuamzn danguuusining
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o a ad J (v
253 ﬂuﬂﬂ‘}!ﬂ‘i%ﬂ’luﬂ1iﬂﬁﬂiﬂﬂ]ﬁlﬂﬂﬂf‘nz‘lﬁl

sunnmIriagaumugasdiunay waulmdidualunssawe S wdnieenin
A a A Hq ¥ J o y A ¢
NNIRTINANUSII luganmadn niemyuziildussy aimiuhliflouduniousndng-
I 1 1 o o a 1 {o o a
weifilszasudaudsznoudiey dhdwiuuds deuiagavnaudllassdnnsuingdy
Y = LR oy d‘ A ) ) N y
(feed port) IagAvzgAnIdIgTIsvesmsHaa (MR 2.3) el 3 929 dafl (Wsem,

2550)

2.5.3.1 ¥amstlouuazmsman (feeding and mixing zone)
y v (1 ]
Famsffounazmsnanil dusrsfidiunavzgamldindoui ldramieds

1 & P A 1 a [ 1 ' [ s [y @ J 3/
ADIUDY mamm"lﬂmmmmamaﬂg uawmanszmnaumamaﬂgﬂuwmmmamﬂu

b4
=1

' 1Y ] ' ' '
dunauid stz hinamsnlfeuuia iesnnlussiiligunglidindl ¥294 2 uaz
i x!' é U L] d‘d a 1 o/ ' A
NN 3 63 Chang and Ng (2009) wmwaqmsﬂauuasmsNﬂuwuqmﬂmeﬂﬂmaﬂumwaﬂﬂ

a o d a o sa 1 o a a o = ~ ]
AUNTNUBINAANUN TﬂUNﬁﬁﬂmW\‘ﬂN'\uﬁﬂYJZﬂHQﬂlﬂQil’q’d waﬁﬂmw‘fw"lé’\'ummﬂumuu

° ' a o da 1 Aa a0
mmmamnmmwmuﬁm’;zwuqquum

2.5.3.2 90151720 (kneading zone)

= =

dumaunngnnsteunasniswandingnua 8a uia windu Weu (Huad
milowRAusNNnT  anudeuninmsnyuveswamesszunsidh i ludumauvesiagaud
Fufuudlefifinndu c‘n?qﬁwaﬁﬂﬁqmwnﬁ‘ludauwﬁnf;qqifu udai i dmmasdouiy
uflunilvamgu fdnvazmilor nila tanguldinilouTn (dough) Feezindouiiludswaed 3

@911} (Chang and Ng, 2009)

2.5.3.3 ¥9MIneen ey siml¥Seuaugn (final cooking zone)
Tagimiled nila Sanguaingienisuaa wfasundasaome luiduvounan'lud
wssadugniduveanadlvaldiiSoniuea (ge) nioutlagn dogndamuugdandh
1 v 4 v Y { o 13
wlausemn  uazdenImanAYBIMIINANLSSHIMARMBUBRfUANNAUGY  ihaTy
& o o o QYo a ' ~
moluinsewendnges  seihlmihiegludiunauevs  ivasumaniuaszive

¥ 1 9y
nmeiiiuleshasedieenll wieududuerdaulassadreiiduutlanaigniidavesdaonn
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a a s v o LY Qy 1
tazasanmanunes Biigumgiiussmmanieuen vaz@uadungndailuiu nieviouaw
a = @ o @ @ {at d
yuaidesnsalelufia dszn uasymdnual (2550) laWenemsdiyiyhiiinga
9 4 [ & Jd d 1 ' P=) o et
1 lnadussrtlszneuvdndioiniouenangmesuuuangg WU Naanzmawand
A 9/ =1 1 = a o d A ey A <]
mngaufie Wanudaseuang 350 seudewii waadwawdouRLIWFONTaFOn InLan
nasmsouuiauddanuruiunAy 119.7 nfudedas 0AIAIUMINBIAUNINY 3.42 1
a P=3 & ] d d'o 9 dy s
Pinalilsaudevaz 3.16 Hganiunusinasgiuvesemisidmuall wennnlimsdu
a 1 ‘d’w [l a o ¢ -4 & 9
wilsgangiilugaeil Sidewalindadusn ldlinnusuonns @ Chang and Ng (2009) s
Autlsgamaiiaaei 3 wudmsduulsgumgiignei 3 igungil 105 120 135 uag 150 8aeN
= a o a @ ot g 1 [V | a o I
wadoa Twamlikaasusiianusuanaslugeieosay 6.2-5.8 uazddanalindaduand

v 9y
AMUNTDUNNIY

pellets in

die

.................................................

!l”””‘ 'I”’l”””""’l’.’i \

[ "I\p‘&g’}\‘\p\p“\-pp\ I \\ . polymer
STITITITITITTITITIIITIETIIITSNNN AN T ow

. solids melting and
conveying pumpmg Jpumping
Zone 1 Zone 2 Zone 3

3 4 ¢ ¢
MNN 2.3 Tﬂsaﬁ%'wwaam?mmnmwgmm (zone 1 = feeding and mixing zone, zone 2 =
kneading zone and zone 3 = final cooking zone)

d -
nu: Hilton et al. (1981)
2.5.4 HANIZNUVBUATBUBNINFIABTABARN INUBIB NS

2.5.4.1 dpparmaszamdudia -

AszuIUMsIendmiFuiluaniiz high temperature short time (HTST) Hnanseny
Fouiniooded nau tazsaMAsTIINAYeteMS Auednsuatemsezldounlall
ifiosnmsveedvemaadudl  vieldsuanudeuguiull  wieinl§tedulysiu

9y t 4 ]
11A1a3A299 (reducing sugar) viopeouveslany wenninHendilymlugesvesmady
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1 a o ) P @ ' e W 0 a o
M3 uANAUABUNIMN cold extrusion FInAUTARINA1I9IZMONTE WEOVHAAS QU]
1ta J Q2 a o ' a o Y S0 g a
POMNNAUININ  amshensgsdssananiideglugiveseymandnfunausa
a P [] 9 [ J FY 1 a w A YA o :1‘ v
(microencapsulate) 449z emnilymiasna1d usndadmein Ialsnums dniumsiljaues
nauntisuldfuAdmnenvesmdaduaiineglugilvesdiady v3eveunaItuniia

. A4 a o Y a =) a FY a o Jd
(viscous slurry) tiiodund liudsoremlfifannumilsamussAfagiuen lunaasasias

v
riinvsdoseulduiednass Gla, 2545)

2.5.4.2 QAUAMNIAYUINT
P! a =) A A ~ a o ' Y [
maqdensaeziilu ladu Fadu uazmlsTelulundasuaioinda duuilse
1 (3 g [ d' a a o 1 d'
Tugasiovas 50-90 Yuegivannzilélumsndn (Gla, 2545) dmsumsnasundasves
- ) 2 o a
TilsAuTuudlsdumaos soy flour) axtiuegiugns uaznszuumsulsgy m31dgungiige
v v
uaznmuwﬁwmﬁmm%zﬁﬂﬁmﬂﬂgﬂ?mﬂmﬂﬂaﬁwma (Maillard browning reaction) Qg
o q ¥ = ¥ ag Y v o Yy '
mldaunmvoslds@uanns msldgungia uazasanududusenivaliiosasszsae
' . 95 53 = A rg g ~ =} Y
Tdanuawselumstes (digestibility) vosTisauiuaiy ioenn TsauiinsSosiaves
] 1 4 o a o I4 P
Tasaa$1almi Faller er al., 2000) daunszurumsendngsulundasusiond anudouss
w115 Tn¥IN1s LAz REAINUTITUHIR 19U FawaIdun1s TN s

d a a o 1 v A 13
wu lminingui IdgadimslnsunmsvesTusAuluduRudv (Alonso er al., 2000)

Tundveawssg nszwumsndro iy inaildaammelnuinisves
a o o a [ a o
wandwdiaaas  Tasmsndaemsdisyiendouus Inannfayiedssinnwesnsey  uag
Uszinnuruueszgeydonsa twan lllszinadesaz 70 uoz 30 addy uozgedoussig
a a o Y a ST | & a =) = g 9 a
uazINULNAINY  Indiudniangads ) lunszuumseasenmsdnndnaauuy
2 g I a a o A ) ' ~
Yusevaz 50 dndmiuinicluemsdnilizionwesnsey uazuuusuINzgauds
:'4 = a o & =y Y =} [ 1ot 1
nanua laginiiutiniesgade Taoanudou uaslianuasia liafianzilunats uage
1 a a = 3 9 ¢§/ fTo
anudlunsage dalsTurardu uesluduseqaudonadnties Tuegiuanauiiunse
' £ 4
Avvosndadue laoviahl AnTunswdrermsdhigitsiainfinm@uussg uagdmiuag
] a § a v ' a o d
llsgndenswdn esawenmsqads  uaziugasma lnsumsIdudndndas)
o 3 [} & ~ =3 1 a
(qandnued, 2549) AnazAten U aawden uazanudulinafioadniiosremsgaydvues
' 1 a a o 4 4 J ’ -] a [y
uisg dndmidudludfannsandounlasmuanizieg 1dedusiaga Tiliona

v ] v
Uszmishiinademsgniaigvedioniiu Imiluozmeir1d @y Iaiud awgnhanlag
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9/ Y Py [ o Y aaa a v o Y [ a a A
ﬂ’JnﬁElu.lﬂ_\ﬂU‘V\QW Lm‘fv’ﬂﬁgﬂ‘ﬂ1ﬁ161@ﬁ3ﬂﬂ§]ﬂ58169ﬂ%&ﬂ%uE]ﬂﬂ’JEJ mmmuum:ma‘lu
o 1 a a = a o A a aaa @ L4 4
"lwu Y IAUUD UL ‘ﬂ&ﬂﬂﬂﬁﬁiylﬁﬂ!u@ﬂ%Wﬂlﬂﬂﬂ&]ﬂﬁﬂWﬂUﬁ]iLﬂﬂiﬂﬂﬂq"b’ﬂ

G

(peroxide) M30M1IBYYADATE (free radicals) MAAnNUFATeenFATULesliu dan
3

d o a a s ] a 43’ 1Y ]
ANUTIVOINIPANIANEYDIINNUIZTARA UL NUFUNLIY asiunstloeiululd

a aaa a @ <R ﬂ 1 ya a ° 9

mlgATeeendinduaauilunisgislidniiugniaedesas (agey, 2541)
a v v a ' ¢ o

2.5.5 msnJaemmlaaiﬂsaasnm)a:mqﬂ*u“luszmnmzmunmam‘ngw

o v o 9 Y] ° Y o =
AszIuMseAgnIFungIdestumsi Iidunauvesms lulamsa  uazTilsdu
° 9 1 4#' v W a (] 3 A a o

qn MivgU atoduda uazifinniswesed aAud (puffing) v3oIRAMIVeIEF NIZUIUMS
4 @ ' 4 3 1 ' dyn cg a
PAFNFFUUANANINATEUIUMIDUY Al Tumeudns  vesmaudlsgilmaridinaiuh

V- SR v < = - § g < ¥
anvdursuddimelaanzigungil uazusedeuganndunadug dameldaniie
r v ¥ ] 1
il ufle oz TsAundalidnvazausssund (aw) szlimanlasugilinelidormisad

1 1 é g a Q/ a U 1
Tassardelna Gaum, 2541) Ge¥agAundnlunsyuaumsmdnomadnfaisudadiy 2

v
Uszinnaail

2.5.5.1 uila (flour)

o A 3

[l Y ° a o 4 Y
llﬁﬁlﬂuﬂ?u Wﬁu’ﬁﬁﬂiTJﬂ']iﬂ']Naﬂﬂmm‘Uuu%UlﬁU? Lla$ﬂ1ﬂ15l%‘15mw%w56ﬂ

v

[]
-

§U1l5EMU (ready-to-eat, RTE) AHIUNszUIMMIIOAGNHU NTnvesomsifyfiviana
a s { 1 4 3 L4 v
18 UTNBON (de-germed grit) udr9z 11T uTagflowdhginTouendngiaesinnimsidudls
uignie 19 1@y vl uazidulonsdiudaiogludiunauvesingiviitloudginio
o o a @ o J @ -
Taslunszuaunsendngdu mswad luduveudiauilduduwavesnnuiou uazuse
- ] o <] & a0 A o 4 ° iy
Roununasuiu Wautlnzgniouvuzidumisuendngiaes msnszimsnaiiazda
nsyganiwluvesudleoen (Arhaliass er al., 2007) 15 lvavesdunanda1eg AmilsalunTes
o gy [ @ ° A y 4 '
ngngneiassnfendsnunnasaumnie ldmyuanisezildssesnuuiiuni
o a ; a ' ] ad
Founligamgiiqevu Tuwanaudleilngniunsluagassuanesnduluanaiitinag (de-
v v
texturization) 1H0491ANSIABY wazuaanNuANIse lumsazaioirlduinad vavesms
a o o . = " A % = - A o £ 4 ]
e Tudiardy (gelatinization) e 18 lafimilyanse laninasudsannsaendnganiugila

a

4 J o 4 4 'd { :‘ o
wihudau iveugiuazwesds Wenuduneluiiliguugiigeuldoulifiuleimdeen

L] U

o 4 Y

¥
[ a W (4
nnganthudawuds vennniidnyuzmmizvesndaduainiuATTUIUMTIONGN -5
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3 LY a a 1 L4 @ a o It 9
yuiulsnavesnsnfasuglvewdeszninszurumsondnydu ndadusii Tnseada
a o 1 1 a (] 1 @ o { o
AN nh wazlivwavesyngni Wudasusmwizeesmsndgadronmsdounian
3 a v a Y @ 1 a o Jd
meldanzanudungand anudenisvesuilezasauie lindanunaunnaaiua
Y Y 1a ¥ 4 4 ' o A ' v o s
veosas uazlisuannudeunuiiu Taoniswuleri nSemsaremanuioumisusisa
a o PR =} : =\ { o~ a 4
HaaduNNYy uaziinnudu1soduiinla (hydratable)  Suua Idueziviioadailu e
@ =y o a d ' @ < s £
Fudszmiuezlivuiavesymieluendgngaaitanndi uazwiuwaduiendi iy

ANHULMNITVBIMINAR I a1z NTNMSINOUGS (Hagenimana ef al., 2006)

2.5.5.2 Tls@u (protein)
a o Y o { = ' 4 o
TilsAudaindganadaluiuesnudy annsanlfeuldiilassadralnilunsouend-
¢/ A qYa y 4 v A 16] 2 ' a o A Aa '
ngees elinalnssaiisnadodioduiug wu TUsAudaumieafifendn textured soy
protein (TSP) waannuilsnundesnanalviuesn waziildsdulszanadosas 50 msvild
9 [
AHFUAT (texturization) MetesiumsdiyTassadielndvedlumgalisdu lduuna
. v [ v
717 (cross tinked) iWludun fdwmuaemsuan defimsidaimdou msulsgil) de'ly
" ¥
TsAudunaesszlinnuduiosas 33-45 uaz1dfunnudou uazmsdeulumsmyuaiedu
4 4 o A oA a . 4'
vosangvounsouendngaes iR TUsauRiusssuma (native globular) e lhifiu
A s o o Y A = ~a {
Tuagah litimswudou  (unfold)  drwmsihmeiusziniingalassaireaaogiinguy
v 9
5ITUIIA Tuanalds@un T ldWudeuiissadsadiuduasusaluiiemems naves
U = 1 1 o 4 a o A dyq
Joundervesang uazveshendegdlandulay msnadludduiiuie I Tunaiiins
o Y 4 ad A 4 a
fasosduiudunss (alignment) uaziffosnngumgiiidivdudiy 140-160 osnwaiFos
a aaa adg a ‘3 =1 A 9y a 9 -d'ﬂ 9/ ﬂ : A o
nalgasnmaniindayudnie 1dida Inseadesidhudule uazluguFudounu

b
Taseadavesilodas (Chevanan et al., 2007)

2.6 ﬁ1€1’vﬁﬂ1ma (glycemic index, GI)

| :’ A o A g @ o & s
Adyiithnia Ae Aviinldnsiedagunimvesomisdssinnms lulanse Fande

v b 4
fudlsemu uazdgszuunisiesuazgaduvessumeaunsamuseauimaluden 1dun

A g = Y a2 A A " W
ﬂ531]8019&“1]‘%UULﬂUUﬂUﬁ15n1ﬂ5i’]uﬂﬂ u’]ﬁ’]aﬂgiﬂﬁ ﬂiﬂ"uun‘ﬂﬂ‘lﬂ?“ﬁﬂnﬂ’] GI thinu

o A

o = o P 9/ a g [ A U
100 Tasdasimsgadumslulamsaded msmuiuvesseaung Inalwdoauazded

b4 [
o o Iy

4 1 '
imateiias lasanvazmsnfSoumsunmsaouaussvesseautimaludeadoeivisnle
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a ' o 1 LY P 3 3 ] 1 & 1
$radsiifisans Tulamsanin dudaniwi 23 Aeilannsamdnguems Fulluundsves

o 1 1A -
i lu'lalmsaauan G soniilu 3 AquAe (Radulian ef al., 2009)

S DA

d' ; aa J a o : A
1) s1MIsnuAI GI m !ﬂuﬂ'l“rﬂ57!11Nﬁﬁ'€]f’l'lﬂﬂaﬂuuﬂﬁﬂ‘ﬂﬂﬂizﬂljuW]'miutﬁﬂﬂ

1A

wdy 55 e desnullenfSsutuasunasgiu emisisian GI d1 i dariiad1eq dnuaz

' v v
o A AdA o o

{ ad A ]
pmsiiduloge fyAsntiiaiad Tofsa lviiud uaz linnu insnvsa ueilidla uas

o
P Y
a ydy ° o A

vziome 1iludu uennnilfidinaddedideinsniuguiminiesningieltounes T

a 4 ' a v a a ' ' o/

Au37 uazsrsaamsiiuvesszaudugaulusienie Sessszasnmsadieludulsznn
= d - & A o A = ' a @

lasndwelsdluden  Fedodudunisflosdunieanninudsdenisiialsniale

15 AU NULALAIZUNTNFUAN) (Aston, 2006)

v . v Y
2) evwnshiin GI thuaane Wuewsftinademsndsulasvesszduihvaly
Roamiiy 56-69 ilenSeuisudumsmnasgiu exmsalian 6l thwnaszdiuens
[ ' 1 v Y v v
Uszinndu (pasta) H702 D8N e hduay ugued 412 Tnanau 12 nans a7

Whole wheat ttaz912n304 11udu (Aston, 2006)

[] ] v v
3) emnsfiain GI ga Wluemsiilinademsuwasunlasvessyduhaaludoam
o/ -~ 1 d‘ [ o d‘d 1 9 1
fu 70 w3e wnnn WenSeuMeuiumsnasg Uszanvesemnsiian GI galdun
o : o o o o =)
yuuilswn dnwdadu dudisey siudimea (French fries) loan3u grina waldeuuda

na2o uason wa ldntsannu @y uas Ty $ludu (Radulian er al., 2009)

b4 S/ i
v A

@ A0 o 1 ﬂ' Ag 1o o 0‘!
MUATATHUIAIAUDIDINITANG (AT NN 2.1) iluﬂgﬂ‘l)ﬁ’ﬁ1ﬂ{lﬂilﬂ Hufle vuIA

a o d 1 a o d A Aa
sy, M3y nszurumsulsjindaduaioms daulseneunanduaneImisoug niey

«

vy lvafy Tdsau duleemns) Fadnunzriavenhmanazuils saudsTnssadisves
A5 Y (starch) Fefinaldmdsthihmavssomisetradeasuiinnuuandiaiu lila
Uszmafinan (Araya et al., 2002) dnanlygaavassuemisiinuana lumsimundaduat
omsfinadrihaadigaoms 19dunay lundasausiomisainainvats saunans

@ | a o ' a 1 A A A 9 o
YSunldsunszurumsuilsjunanduaioms Inswuan wseeilyaemisngguleiu

IS DR o o

o v :‘ ) 1 :‘ a  w J
Tawsia 1 1w thdumey wazar Tdrihldmdsiihmalundadusianas (Keogh er al,

2007)
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v '
o

yw 1 a4 a o d A @ Ao o
uenNnfinuNunaaduRemn yishiiadytihaadinnmsnaunuuds
= 4 1 L4 a =)
arddaoudlsdun wu uflsduuad (King er al., 2007) Tuilogiiu nszurumsima Tuladdu
Yq 9 1 dAa v & oA a 3y a ¥
o3 A lFdaunauemsinadudulminiesnsssund deemisnindmd syadn
a g4 o s =] 4 aa ' @ a g o :
Ma waalamia waan wasdtu wainguay) aelsunldounsiuasvessyauiaa
é o/ o 1 y Q ] \
Fa1d5unsvenivedendneuae venvinil sieansoanszdung Inalusieszoznani
o 9/ 1 3y ad - - o ' - | 3
24 ¥ e 1@ TasdvA s msnldoulasemisiisondn msnaunuemsmasiimags
¥ 3 ¥ '
dwomismariharad dmivfihonnvnuemisyilaiiiinaildifannuidnoude
uazuu anafdemsnugussaudugauldegluszduinuneay (Brand-Miller e al.,

2002)

P
>
£
@ 3
0
S
o 2
O
0
2 |
3]
<
0
0 15 30 45 60 90 120
Time (min)

]
a =

ai =y A @ oy A v sHq Yy
MNN 2.4 ﬂ”Ii!,ﬂ58‘1JL‘VI£J°Uﬂ1Sﬂi’)U’(TuEN‘U6\3ia’ﬂﬂuWﬂﬂimﬁﬂﬂﬁﬂmﬁﬁﬂisﬂﬂwﬂi N
o

o ] Y]
imas 1o lawmsamie fiu

fan: Ludwig et al. (1999)
2.6.1 M3AATIZHA GI VOIS
2.6.1.1 ‘5%‘ in vivo

a d ad | . o Y oy A A 3
MINATIZHA GI 108735 in  vive Hlumsiaszauimialunszuaidon Feo19ld

v o { A ' d o ]
TAINADY ﬁ?ﬂéﬂﬂﬂﬂﬂﬁﬂﬁﬂlﬂrﬂi'NﬂTULHNLﬁQ uazmmmmﬂszmumﬂ15'1@
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[P=1 a Y .& Yy [ d' 9
nanvaty Ll lsngiiuiernis danisnaaeusz Iddnaasuiulsemuemsidesnis
v v v
NATDU HAINHUTINTATINIATEAUAIalunssuaaea uaznlSsumouiue s N
b
a1 iy 100 Taua vunilwrmSeshmang Ind ifudu (Radulian e al., 2009) Fujita and
' v
Yamagami (2001) finywavesmssulszmueimsuinninduniesdelSuanimang Ina
P} 1 a : & sld'w LY o': A =1
Tuidea wunlsmnaniinang Taaluideavesdnfudsznuemisninanndunies i

a o W vde Aa y
ﬂsmmu1maﬂqiﬂammwjmuﬂszmum‘n1ivmmuwﬁmmuﬂama

2.6.1.2 3% in vitro

Humsiadasinmsdesvesamizdroeu lsilunasanaans ¥aezldlunmsiinezy
A1 GI TuWBASuH 911115 Goni er al. (1997) TAR¥ISouRoVAT GI AR in vitro fU
35 in vivo m3ms i lariimstesutledrooulal oL - amylase 11az amyloglucosidase
sasmisdesutlauanslugilvesiosas total starch figndosiunmdaiu nnthuiundou
1514 hydrolysis e RLR1dI M 910 0-180 117 MInTTus I hydrolysis index
(HI) Failuanuduiugsen e 1dnsw (area under curve, AUC) 484815002 AUC
Y999111591999 (white bread) WU ANUFUNUTIEHI19A1 HI waz GI TAidluaunis GI =
3921 +  0803(H,) #1H, Ao Jevazvesutlsiignieudionatimll oo wadl
Mahasukhonthachat et al. (2010) An¥1A1 GI 13A&63% in virro TuwAafaaliondmyfuaind1a
e Tas3imstesutledowuland oL — amylase 1011937 pepsin 101 193] pancreatin 1az
U 193] amyloglucosidase 5ﬂﬂ§u1m1f1ﬂ1aﬂg1ﬂaﬁ'aﬂ glucometer )9 30 U7 S o-
180 s Tao19auns kinetics itodaam 1A 1dns v 910 0-180 11l
T TP IR digestion glucose (DG) WU AUNITVDIBATINTIBLAAS FUANA19AUDL
Uyd ey (p<0.05) uanmni’rﬁaﬁmiﬁﬂmﬁqﬁ‘n%‘wa‘umﬂmﬁnﬁuuq,ﬁudaﬁ'wmzmww
maau Insuimsveudlamiad (pasta flour) Wy MIdatAIaIEN NI TUINNIINTS
sooutlaluanig in virro Ty llod1edhe waznisiiuiea GI anasdsdosas 15 (Brennan e

al., 2008)
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A1319A 2.1 A1 GI Tueimswilanied

91H13 a1 GI
vunilavn 100
o
asuunany 83
1912 64
12100 58
$1nd09 55
411156 46

i Aston (2006)

4

2.7 NI IRANUHNUNAUNUINIMA (sugar substitutes)

°y 1 A aa @ a o Jd
mﬂﬁ’mmmmﬂmmummmﬂumiﬂqwuwunmum“lums‘wmmwammm

1 Y
Lﬁaqmmw um"lﬂ"ﬁ]u 2 ﬂi]iﬂ‘ﬁig A9l (Kroger et al., 2006)

1 A dq ¢ . ° . 4
pguusn Ao 15N INAUMNUNGIUAT (low-calorie sweeteners) (Hlua1s1H
v v 9y v
unaesugud veafiGoninhmadion Sanwmanumendnhaaglase Ghaanswe)
9
fraue 30 D9 8,000 M1 1¥Y UOAWUNY (aspartame) LHHYANITY (saccharin) °§ﬂiﬂaﬁ (sucralose)

vy A o ¥ ay Y
Wudu msnquilmanziiunidlunsdidesmsaruguimin

oA A v 4 o . Y
nQuUNaey Ao @15 [ANUHNUNAANGINU (reduced-calorie sweeteners) 1dun

e ¢

o a 4 1 y 1 @ 1
1PALBanaaed (sugar alcohols) 130 WOABEA (polyols) esnguilatsiunguusn Asld
A : q 9 ° 1 =2 a At @
anuvNumileihmaglase ualdndsnudnn Wsznw 1.6 83 2.6 Alaunasideni)
1 o 9y :‘ A a 5 v = o A o" L4 [
waz i Idihaaludeamuiuesufesunau iesninmimaneansgenizgnioy
[ 14 [
waswiunglaadunn  uazlidedddbugdiu  wamsuslnnemsnquilinnduniiszaun
¥ v
fvuatvnelfiifansseue wieveuduld (laxative effect) 15 lunguil ldun vhanalele-

& : L o
uﬂaniaﬁ “]f\’lﬂuu1ﬁ1aﬂuﬂ1ﬂ‘]5uu1ﬂ']aﬂ']



29

2.7.1 hmalelaueaylaa

v ¥
ﬁmwa"laimuaa‘giaﬁ (isomaltulose) wﬁm"lﬁ'ﬁnﬂﬁmmcgimﬁ TagrunsLUIUMS

- a o 9y a a kY ~ : & o Y o/
neunil mildinanmsdsuudaslnssademaniivenima e ldiuszszninluana

=

d o 4 v ] vy
youhmang Iaa wasvyn laaudssanniu dewaliiimsdesaarouazqadylddasnielu
a . U v [ g : QR A
TUUMUAUDIMNT (alimentary system) B3N 1AH Astiunianalo lxwoay Taa Jsiim
o °y o' -é =1 L) 3 °y
ABULIAAAT (low GI) (Cheetham er al., 1982) FeliguauaansonIuguszautiaaly
~ v A 3 ' 2 a 4 w 4 3 4 v
ealdan  miuaueniims lulamsasiiadug  wasnunaduaueil  weliaueuas
g ] 1 = a L) Q’ g dyel ) d' '
adanilevia ldedadilse@ninmanntady  wenaniidarisannnudssde Tsawmau
(9 ' ~ wva a 1o ,
UAZAIZUNINFOUAIN (Arai ef al., 2007) uagiigaantianiam 1w 1¥Aun (tooth friendly)
A a ~ J ] a (] (] :
iiesnngaunidluseauhnidluauvgues Aun liaminsadesamerihanaloTaweay laa

Y K 1 a 9/ 13 A %
18 3 linanmsadrensamnyiaasindeuy (Ooshima et al., 1983)

9y
lolwueoaylae Manumnudesas 50 venhmaglase Hsamannuneumilon
9 9y
heaglase lulisavu (after-test) ¥inalo Tswoay Toaannsanurogamgiigs (Cheetham
= [ 4 °y
et al., 1982) T5sel wazamy (2553) Anywavesns ¥ le leusaylaa wiethaamariiu
™, = ) Fe i v ™ s
(palatyne ) ABAMMNNIMEMNYDIHAANUHAND Tauld palatyne™ naumuthaialugas
' A [y a Vv a 1; 1 o a o I
Wy eszaumsunuinvesle laueay lammuiu Armnuudsveswansuaitiuul Iuansas
o 4 aa A 4 o o '
Tuvagisanudy vasflivunTdumudy  wamsnadeugaunmmelssamdudany
i 9 ™ §1 Y a ) w d
ANINNAUNUAIY palatyne’ ™ FB8az 30 QU3 laaldmssensuinniiga MNKHANIINAADS

k4 Ed
TassaumuimbaaleTaweay lagawsaldmaunnimay Insalundadusiauuenld

v b 4 [
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