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Yupinthra Khuntiwattanakul 2007: Effect of Xanthan Gum and Guar Gum on Physical Properties
of Rice Starches. Master of Science (Agro-Industrial Product Development), Major Field: Agro-
Industrial Product Development, Department of Product Development. Thesis Advisor: Associate

Professor Rungnaphar Pongsawatmanit, D.Agr. 111 pages.

Effects of xanthan gum and guar gum on physical properties of rice starches were studied. Four rice
varieties (RD6, PTT1, SPB60 and CNT1) with different amylose contents were investigated. Swelling power
decreased and amylose leaching increased with increasing amylose content in 1% rice starch dispersions. For
rice starch/hydrocolloid mixtures, swelling powerand amylose leaching decreased with increasing both
xanthan and guar gum concentrations. Xanthan gum exhibited higher influence on those properties than guar
gum. The RVA pasting properties were determined using 8% rice starch dispersions without hydrocolloids.
The peak viscosity and breakdown of rice starches decreased but final viscosity and setback increased with
increasing amylose content. Effect of concentrations and types of hydrocolloids on RVA pasting properties of
rice starch was differenct depending on the structures of hydrocolloids and amylose content in the studied
systems. Structure-function relationship between rice starches and hydrocolloids played an important role on
pasting process. The freeze-thaw stability of 5% rice starch pastes with and without hydrocolloids was
investigated using repeated freeze-thaw treatment. For the starch pastes without hydrocolloids, the higher
amylose contents exhibited higher water separation. The addition of xanthan or guar gums decreased the
water loss from the pastes. Water separations in the rice pastes containing xanthan gum were lower than those
containing guar gum. At higher concentration of 20% rice starch gel and starch/hydrocolloid mixtures (mixing
ratios 9.75/0.25), the effects of storage temperature (5 and 20 °C) and time (7 days) were evaluated using
texture profile analysis (TPA). The effect of amylose contents and both hydrocolloids showed the different gel
texture parameters. The longer time and lower temperature enhanced the retrogradation of rice starch gel.
Addition of 20% sucrose in rice starch gels increased the elasticity of starch gels of SPB60 and CNT]. In
studied model of rice products using commerical rice flour with 27% amylose content, addition of xanthan
gum decreased gel hardness. The paired preference test of the rice product models with and without xanthan
gum was also conducted using 30 untrained panels. Twenty-one panels selected rice product model containing
0.5% xanthan gum. The results in this study could be applied to study on freeze-thaw stability and

development of frozen rice product.
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o J 1
amnsodwungasald 3 guuuy 1dun

4 [ A ] 4 9 9 9 = IS

1) A-type WU TUAAITHFINTYNY 15U da13%910017 917 Iwa 91a0a
Tagaer$ 19111 monoclinic unit cell (a=2.124nm, b= 1.172 nm, ¢ = 1.069 nm Lag Y = 123.50)
= c;y '
UTwanavei 8 Tuanasdewra

o A o ' s @ M s Y]

2) B-type WU IUAMTBINNYI 13U 15 BNUUATI dansva1nd17 Tna
AA (a a s A a a v oA Y .
nlsuaveilaage vagnuluamssnnas Insnsuaty 4 1as9a319011 hexagonal unit

Y

cell (a=b =1.85 nm, ¢ = 1.04 nm) 1111 36 Tuianasowra

3) C-type Hanyae Iasears1anauszring A-type 11ag B-type Wuluaasy

o 4 o o [
ﬂ?ﬂﬁﬂf@ggﬁﬂj aassaniudIlenag

Y = v A Y I =\ oa.;l

FIAS1INANUDI A 1AL B type 3A3 84 1aseas 1l unuuindenanaruvng
TAseasNanves A 1ag B type dai509lassasadunuuinaeddeatu

glucose residues 18 1 1292152 NOUAIY 12 glucose residues (NN 4)  31NNTIAIT 4

Tasaad1anuin A-type 1 IA59a5 199U MUUAIN B type 39ausndu Iaseaianu Tuanavos
yp yp )

hlddesnn (Zobel and Stephen, 1995)
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a ¥ o=
MNN 4 T‘ﬂﬁ\‘]ﬁﬁ’]\‘lwaﬂll‘ﬂ‘ﬂ A- 1% B-type

301: Cui (2005)

9 1
uoNIIN A, B 1az C type 1A2 DNASISUsINganyME V-type Fanaasia
! o N v o Aa s
Tassadunanndudounmnaannstuiuve el laauazioanssodniuduase loTedu
A Y [ dy 4 dld a a 1 A " v Y
w3onsa vy dnvae V-type Haznuluaasynidsuameilaguinnimseminuiesas

1 J 9 Aa [ [ .
40 1B 11!17@]']5“]5‘1]']']1Wﬂ‘1/]1]ﬂ']5ﬂﬂl!ﬂﬁ\iWUﬁﬂiﬁJ (Eliasson, 1996)
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Y

B2 J
1.5 quy Wduﬂmmmﬁmﬁ%

1.5.1 MaIMIneaazaNuaIsnlunmsazaly (swelling power L1 water

solubility index)

Y
a g < ]

d' a g; oa/' Qy Sld' a oy d'
mamuuTcNGluuﬂquawlq‘m"lmqmwmwmuﬂwz@mum suanim

U
Y Y

= =2 Y a dy [ 1Y 4 a ] o A Qr; 1
naaFuIzIusgnuguuginazanusuduing Iasuilidue liazaeiriguugidini

e

a a s A @ & a ] A A ] 9 [ A
ganlea lug iesnniuse lalasnuduiannmy leasendafioglng o fu 3o water

9 1

. @ 3‘ < yI3 9 2 g o @ @ [ A
bridges !,L’cwmm’iﬂW’eNﬁlﬂuuuﬂullmaﬂuﬂﬂ “ﬁQLﬂUﬂ1§W@Q@31uaﬂEﬂl$Wuﬂﬁﬂllﬂ UALUD

a oy A (R a a a Jd o
@ﬂ!ﬁﬂM%ﬂQﬁ?iWﬁNUTLLﬂQLWMQQﬂ'J']%"JQQﬂ!‘Vi{]iﬂUﬂWﬁLﬂﬂ!ﬁ)ﬁ"l@']llu‘ﬂle!‘ﬁ%ﬂﬁTﬂiﬁ]ui]zQﬂ

q QU

o oy 9 v W [ A A d a < a o ) Y
Nn1ag IllLaf!a‘Ui‘)\‘]u’m$L5U']3J']’i]Uﬂ‘Uﬁialjllaﬂﬁ@ﬂ“]faﬂlﬂu@ﬁig Luﬂllﬂ\ifﬂglﬂﬂﬂ'ﬁv\lﬂ\‘]@n ‘Vl'lch’i'

v Y Y
M3azate LazANUUTAINIY (N3 10598 Laziena, 2546; Whistler and BeMiller, 1999)

Li and Yeh (2001) ]’lﬁ}ﬁ"lﬂ"liﬁﬂy”lﬁiﬁﬂﬂ"l'iWﬂﬂﬁlllﬁ$ﬂ31uﬁ1uﬁﬂluﬂﬁ

1 %

azargveaansuazan s ¥ 1RUTA 1 9 WU gungiilinadeauiiadinald Avtile

4
=<

v F4
qmwgmwﬁuﬁwé’qmiwmé’f’mazmmmmaa“lumiazmsmsﬁmqwu
U 1 va 4 1
Sasaki and Matsuki (1998) Na17791 ANTAURIAMNIFUHAADAUNINUDY
A o ¢ 9 \ ' A o P Y + A A ¢ VYo v a o
HAAMNGANE 15U ANV YU TuRAad U I8Re) Weamsy lasuanuiounaz i

4

A J o A a g
NN ganspunsyavziimsnesiauaziulsasuniu

1.5.2 51w amylose leaching VYOITAAT Y

[

1 == Y 9 = [ d'd =< 31 =57 v
i%‘l’ifﬂﬁ‘ﬂllﬂﬁhlﬂﬂ’J"IiJiﬂucll.!L’JaTLﬂEJ’Jﬂi!TIlIﬂ"I'iE]WB?JﬂJ@Q‘LH HIAYLLINA

o a2 A = [ 1 ~ a
29NUNVINUNTYAVDITATY m‘naaﬂmmzhluiamﬂumuum LLE‘I%@W%%N@S"I,NIEILWﬂG]u

Y
Y] a 4
ﬁuagﬂu%ummamw HazEN1ITNIT leaching (Tester and Morrison, 1990)
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1.5.3 auafaany pasting (pasting properties)

A Y 9 Y] L] 1 A a A

Lilﬂclﬁﬂ'ﬂlliﬂuﬂ‘Uﬁ']iLLGU’Jua’E)fJLL‘ﬂQ@fJ"N@IE]!,u’E)\‘] winansilasunilas
A = Aan a :j Y a ] 1 3
oI UNYUINGA Lﬂﬂll‘ﬂﬂﬁ]ﬂu"lll?iuﬂiiﬂmﬂﬂﬂ Ll,ﬂS'Wi’NG]’J‘Viﬁ"IfJWI"IiﬂﬂﬂJHTﬂﬂJ@QLlJﬂLL‘]BJQ
a [ < a [ [ -] [ 1 a v & o a
Lﬂﬂ@ﬂ?ﬁi?ﬂli'Jﬁ]ulﬂﬂfﬂiwﬂQ@]’JLL‘]J‘]J"ljJNuﬂa‘]J L?EJﬂ'J"IH]ﬁ"IGIlluLG]fGHU Gd]f\?ﬂflﬁlﬂﬂﬂ"li

A va =) = A ] = A

L‘]JafJ‘LlLL‘]Jﬁ\1E‘TllllﬁﬂTQiTﬂIﬁﬂﬂlﬂQﬁ?ﬁlﬂnuﬁ@flLL‘ﬂQ TTLVIUADYISLINYU NANNHUANN
3 Y { 4 a 1 A a o <
ﬁu AININD 5 (a) Lﬁf‘]Qﬂ!ﬁ{]lﬁlﬂ\‘]ﬁTiLLBU’J‘Llﬁ’E)EJEIQﬂ'J”IQﬂ!W{]?JH]ﬁT@lluL“H“BH LiJﬂLLﬂQﬁ]SW@Q

' o Y g . 4 a J
a9 I a15UvINa0sANUHTANINYUVULAIU (shearing) FITAINITOAATIZHANS

~

1 - Y ¥ <
nasuasanuniiaiinadu lda 1817049 Rapid ViscoAnalyser (RVA) taasnarily pasting
@ A ) @ 1 A Aa S YA ] I & A
curve 4NN 5 (b) FMSTAANUNHANIATIEN lalrteu RVU daa1nuvitia 1 RVU

N 12 cP (Newport Scientific, 1995)

250 T T e 100
L Peak Final -
—— Peak Tim L Viscosity
200~ — B0
complete - Breakd .
dispersion = &
= =
l S 150 Setback — 80 o
& E L =
z i =
) Ly 2 Holding Strength = 2
3 & 8 100 —40 E
b w | N <
L \ = -
o L -
0
50 f= —20
—”p/ «— pasling lemperatura Pasting
Temperalure
0 L 1 | ' 1 L | L i)
60 100 0 8 12 16
—» Temperature [oC) Time (min)
(a) (b)

d' wva 9 = . . J A
MNN 5 AUTANNAIUANUNA (pasting properties) VOITAATY; M3n)asuuasunsya
4 1 a o 4
AANTY TLHINNTLUIUMTIOAIA MUIEFU (a)', pasting curves 1INATOI RVA (b)’
#31: ' Whistler and BeMiller (1999)

: Newport Scientific (1995)
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v Y

QUN YL A 1A nunidain1siuiues19un 130037 pasting
temperature ﬁ”lﬁ'i”Uﬂ”lﬂ?l”liJﬁﬁﬂgN aa (peak Vlscos1ty) Lﬂuﬂm“lwmmmmmmm“lunw
Subvewlimdeduney uazvenimuniaiigeddlumsnauvteonnldanuon Tae

. . < A v & A A A a 1 qu/ =
peak viscosity 1l ugaiiautlsnosduaui vaziomugungiuaznaiae Il saunsdinisniu
1 [ A ) Y 9 A I o
pg Aot 3z v Inssasumeluuaneen Tuanaveses luTaadlivuamaniznizaiead
< ; : -
ponnndauils Anunilavesarsazatondlarzandias iloszuuanguugien 95 oM
=\ I ~ =1 v A @ ] v a J a 492/
wareaiu 50 emusaFea azinmstaiFead lniszranguananeamesinayy Tay
a v A v q 1 aad?’ ~
Tuanaeg luTaavzimamsdaizoeduilulnsesaunaudaiu Tuanaes luTaanoonuain
< ~ ] Y v 9 ~ o ~ ] a 1) 4?} 1
wiautlenegIndnuszdmnissaduazimzineaiues maiuse leTasmuiuszninluana
o [ 1A a I~ A ¥
vo90z I Taai 19 1danyas Iasead e luninmatluna anunidavesuilazminauau'ld
@ £ A 1 A 9 . . 1 1 | 1 A A A £
FEAUNUUTINNANUNUATANY (final viscosity) TIUA setback WuUAINNHUATINNUY
A Y < £ o 1 1 A ° A 9 =
WoldIzUUIINAY FIMUIUIINKAAINVBIAIANUHUAMTAUATANNHLATANY FI
d‘ 9 o = o A d‘d (% = [] 1
NEVOINUNIZVIUNIIT ININTUATU HIoNTzUIUMINUMIIATZiTon InuvesTuana A
= { v v { v @ a o d . .

setback 91iAMNOIMOINUANHUZITDTUATAAN1BVDINAAN MNA1I7 (Newport Scientific,

1995)

= wa v Ay Y A
Weerapong et al. (2004) ANHITUUANNAIUANUNUAAIY RVA 10U1IN

] o 4 a ~ @ AA A
FIUNITUANUT NV 6, V1IADNNEA 105, GNITUYI 60 LAZFIUIN 1 ﬂNﬂﬁMWﬂ!@%qiﬂﬁﬁ 7,
17, 24 4ag 33% MUAIAY) HaVUIABYMANUANANAY (F1091 150 m, 150 - 212 Lhm, 212 -

o w v ‘. oa.z‘ v J '
300 ].lm iuag 300 - 425 ]Jrn) iﬂﬂﬂﬁﬁﬂ']el'lfﬂﬁ\iﬂﬁW@\W]’JGUENGi’l}TJﬁFﬂuﬂﬁﬂﬂ‘ﬂ\i 4 WUTNUIN

@ o w

H v
AAuMaIMIneIiIveIiINMIUMIUARI AU 6 > V1IABNNZA 105 > FUITUYT 60 >
] ' 4
Foumn 1 1ilosnnnavestsuae: luTag 910051 RVA WU pasting temperature (AN
4 a N . 4 1a
welsuaes luTaguazvunaeumanuiv daua peak viscosity anaaiiodiunaes luTaa

v 4 v Y ) [ Y
MUAUIIN 17 D933% 1Az peak viscosity UAUNNAULBYLIADUMANNTU Tasmniz i

o’dd

v 9 ]
i atilsinmes luTaage §15U final viscosity 11a2A1 setback T uNNIWoUT UMD

£l

Y
=

Ty Taaifindn udiilevinaeyMALANAISTY final viscosity 1Az setback ifinAnd1S

v o 01

2819 UNd
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1.5.4 19219 11U (gelatinization)

v v v Y
wand lusFudlumennldlumsvendnsazmadounilasinaaulu

a U

oA P Yo 9 = ' & Ao Y 2 o
53‘”31\11/]ﬁ”liaza']ﬂﬁ@]"ﬁﬂf"lﬂﬁﬂﬂj']uﬁﬂu%uu@mﬁﬂquﬁ]aﬁlﬂ']‘Viu\ﬁflmTiﬂlﬂJﬂllﬂQ‘W@\lellaz

Q G

A ) A gy dad v Yo ) % v o o 9 o
L‘]Jﬁﬂuiﬂiﬂﬁi”lﬂhl‘ﬂ L?Ji’)élﬂf.l‘iflll‘lﬂﬂglﬂ'!flllﬂiﬂﬂ’ﬂﬂﬁi’)u Z‘T@]15%1“%13%3@@%U1&1LL§’JW6\1@'J

= ti! d’d d‘ 2 = s 1 =~ U a v
audaganieniinalasunasaniianied TeTavedaun Feniusad luwdu awiso
. oo .
n519a01 1A 1A8IAT 04 Differential Scanning Calorimeter (DSC) FuilunToedonlddnuins

A A A 9 v ~ v Y] @ A 031} Y 1
HJaﬂullﬂaﬂﬂlﬂﬂﬁ’liﬂlﬂﬂﬁmﬂﬂﬂﬂﬂ'ﬁlﬂﬁﬂut!ﬂﬁﬂwa\‘]\ﬂu Iﬂﬂ@'lﬁfﬂ’iaﬂﬂ'li‘Vl')'Wl\W]'J@fJ']\Hlﬁg
Y Y A

Y a v ' A Aa o ) ) A o qud o
LBRFRENRN] G]@Q@Qﬂqmﬂﬂ“llLﬂﬂ')ﬂugl,‘l‘lﬂig‘ﬂjuﬂ'ﬁ&lﬁﬂ')’]lli@u Wﬁ@ﬂ’liﬂlﬂua\?@]jﬂﬂﬁi'l%ﬁ{l

< ¢ {
13 neraamanilu thermal curve (N 1m39A uamﬁaqa, 2546)

1.5.55 Insns 1A%y (retrogradation)

1
ad a a

A ] ] v g = o v Y
weldnnufouundiauderudsguuginanaia luadundl 1daa
P, 1 o q ¥ o 5 = - o 2 4
fouao llazi ldilautlanesdrniniusudgainesdnduiuazuaneen luanaves
3 A o ° Y A A ' 9
oz luTagvua@ninszdanszangrzuanoeniiil liiaInuriinanad uaziiiolase 1
< % ~ [ Y o a v A v W 1y o 1
szuududaer luTaaneglnanuazinamsdaizosdanuluidienuss laTasousznig
v Y Y
Tutana e lassadesounauiialuin ldawisoduiiwazgaindwidnld Sen
c’dyl = [ . a a
15105011191 5 ININTUAFY (retrogradation)  TagTuranaveses luTamnaudninia
a o 0y v o TN ) ¥ A a o
s Insnsuasuldannssiudifuvesnamundgu uazl¥szeznarlumsines Insnsuadu
v 9 1 Y Ao = o Y a v A Y
wunnTwanavesez lulag  dnldesldguugiidiadn ildinanmsiaGeedives
9 1 dgl o 9 g’ ~ Y] () s Y]
Tassaduiuiu HldTuanavenihinedvegnougniiunueenldainioa (syneresis)

A A 4 Y s &
ANUVUAVSLNUVY (PAIUTIA iuaginana, 2546)

A @ 4 d? (B [ Y 1 a J
ﬂ'liﬂuﬂ'J"U’EN?W]Wi%muﬂgﬂﬂﬂﬂﬂﬂTTQWﬂﬂﬁgﬂWﬁ llﬂl!ﬂ FUAVDITAT Y
Yy 9 J Y Y Y <3 a
AIMVLVNUVUUDITAT Y ﬂﬁ$‘]_l'3uﬂ']iﬂ']'§ﬂlﬁﬂ'3']llﬁ’ﬂu ﬂﬁ%ﬂﬂuﬂ'lﬁnlﬁﬂ'l']lllﬂu U U
[ a a a
sgeza ANUIUNTa-Iud (pH) v®3?5azAY ﬂiMTmLLagﬂJHWQﬂJﬂQﬂngIﬁﬁ azﬂamﬂ@u

7 ad v s L
Llagﬂﬂﬂﬂizﬂ@UﬂNmN’ﬂuﬂ (PA1UIIA !,LﬁgLﬂ’f)Qﬁ, 2546)
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Aa o 1 @ 4 J
Ysmaazvmnaveses luTaaiinnudagaemsauaivosdansy dass

A (A a A o 9 <3 ' S Aa (A a a
nsmaes luTaageazinamsaud lannuazisannamssnilsmaes i Tamnangs
oas1lumIsnuAIIzgIge (Msazaiediiga) iwevuialuiana (degree of polymerization)
' v =2 o A v A =) 3
¥o30z luTaaiiny 100 99 200 dasIMsAuAIIzanauile Tuanavese: luTageniodu

a =2

v A ° ] AA o o = ) v =
n#l Tumsildes luTaafiAudinduiazarelaonaisdesldgungigeds 100 99 160

U

v
s =3

= a = o Y a A v 9 Y
RN RIS I TG ﬂ%l’lﬂJIaLWﬂ@'llﬁ]%llNﬁ‘ﬂﬂﬁ!ﬂﬂﬂﬁﬂuﬁlui’)ﬂiﬂﬂ (NAUTIA iaginena, 2546)

a Y 4 1 a
MIATIVADUANNA NI TUMTIAAT INTATUATU YDIAA VUAAL LA
9 1 A Y] 4 = g 1 1 1 A Y
p115za 1A91nAINIAUAD (setback) ¥oIaa13y Fuiludmaanszninanurtiagaiie
AUANUNHAGIGA (setback from peak) n3oANUKHAGAMBRUANUNHARIEA (setback from
' 9y
trough) 1A8IAT04 Brabender 130 Rapid visco amalyzer UONINLNTINAT INTNTUATY VDI
J [ 4 o Jd a 1 [ 4 a
aamsyansodaldlasnisldasos DSC Tashamssau limamdsnunlslumsifanal
a o 9 o o d‘ ] a a @ da' [ Y ~ o d‘ Y a A
alusy udnihaasyndumsnanad luasu 4lun 1 luanzadmuaive ldinas
] Y o S A a A Y Y 9 A = 3
Tnsnsuasu dniraasynnes Insnsuasu uaalilasrnaeudlensos DSC 9nAse uag

@ Y v dy v o 9 <3
asoda laglsanyuziloduNEAIUANNLIIVO A

E4
=) a

o J ) a @ 3‘

‘Ll’f)ﬂ‘mﬂufﬂﬁLﬂﬂ?T'ﬂﬁﬂﬁ']Lﬂ%umfNﬁﬂTﬁﬂfﬂgﬂflﬁ}mﬂﬂ']ﬁLLEJﬂGI’J‘U’ENuYﬂ"Iﬂ
% [ v Jdao 2 v ] <3

139 (syneresis) “dﬁﬂﬂgﬁilwu‘ﬁﬂﬂﬁllll@]ﬂﬂ"mﬂﬂ@'J@]E]ﬂWﬁL!GHLﬁ@ﬂLL‘U\‘] (freeze-thaw stability) VYD
4 J Aa a A o FIEY = v 1 1A 2 o A
aTy Iﬂﬂﬁ@nislﬁflilﬂ1§Lﬂﬂ§I‘VliﬂﬁWlﬂ%uqﬂﬂﬂgﬂﬂWﬂﬁﬂﬂﬁ’f)ﬂWﬁLLGD'LfJ’EJﬂLL‘lNGH Tuvmzn

{ a o ° J Y 1 < [ QaJJ @ o 1
ﬁm{%ﬁmﬂﬂmﬂﬁmwu ﬂﬁ]gﬁﬂTﬂ\iﬂ’W]@ﬂWﬁLL%LﬁﬂﬂLWQQQ ANUUNITIAAITUANAINDNIT

A A < X 9 a a A o 4 9 9 4
ﬂugﬂéﬂ1ﬂLfJ’f]ﬂll"’ll\ﬁ]ﬁﬁ"l?ﬂﬁﬂiﬂfﬂﬁ&ﬂﬂﬂ?ﬁLﬂﬂﬁi‘ﬂﬁﬂiﬂﬂ%’u ﬂlﬂﬂﬁﬁ?i“b’vlﬂ (NAIUTIA Y

2
1NONA, 2546)

] I~ { A Y
Bowers (1992) l&dnandalassadnveadiauilannes Insniuasu Tae
A = A A = ' v ' Y Ao a o
Ansandeez luTamndunusves Famansanteonld 3 diu e laseadandaGeadalu

a o { Y 1
MINA3 INTATUAFY (MNA 6) 1Aun

. I ' A a o ] A v A o 9
Domain A = Lﬂuﬁ"Ju‘VISJ’EnglﬂJIm‘Wﬂ@l‘Lli’JiJG]’JE]QiﬂﬂIﬂEJTI?Jﬂﬁi]ﬂLiEJ\W]’JTﬂiﬂﬁiN

| . 1 g = o ' Y
11111 double helical structures Tuantionaiios luTaaasdunogsnaie
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9 9
Domain B = oz luTamnaudinsiuiunaznszaieegluiirlu domain Hunz
I 1 A A Y o A 1 Aa o a A o Y
Wudiuiinertesnumsnlasuaniizssniamsinana  AUnsAas Insnsuadulni
anbaeIlon domain A
9

Domain C = Usznoulidredruvetes lulaalassadaluunadavuanlugiams

% o

a A o AAA Y3
Lﬂﬂii‘ﬂiﬂﬁm%u ‘Vl‘L!‘]/I‘i/IEJﬂﬁ‘i/lﬂWLEJ‘L!

= water

$ 9 H a %
M6 Tnssasvesuilanmnas Insnsuasu

31: Bowers (1992)
% lﬂy % 4
1.6 anvaziloduiauosvauil (Texture Profile Analysis; TPA)
[ T W tﬂy v W dy A = an ya
fﬂﬁ'}ﬂﬂTﬁﬂﬂmgluﬂﬁﬂﬂﬁllﬂﬂuﬂgﬂﬂﬂLLlI‘]JLﬂi@QiJ’ﬂLLa%'J‘ﬁﬂ']ﬁVlﬂﬁﬂ‘UalﬁiJﬂTi

E4 9
MuadieiumsiReIvesuysd Fennsianmuuiiig Imitative test #30138n0N0H191

texture profile analysis (5 QGI?EJ, 2549)
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+— FIRST BITE ———=——— SECOND BITE——
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Frc‘a.‘ cturability Hardness 2
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Stringiness
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M 7 5117 189101591 Texture Profile Analysis

#131: Bourne (2002)
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- MInauAugUUIALez UI1AN (springiness) A0 ANUAINITOVDIAIDEIND
lasunsannsziudivasninoeunssoenamsanauugan manvesdind e launios
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e ls mdlaunsamla 235
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- MIMEAART  (adhesiveness) AvAMANBAZYRIOIMITATANMM Uz UA
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2.3.2 breakdown
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2.3.3 Anuniagate (final viscosity)
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2.3.4 Setback
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3.3.3 springiness
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