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(Executive summary) 
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Abstract 

Ubon noodle is a local wisdom of indiyenous food as one tambon one product 

(OTOP). The objective of this research was focused on development of Ubon noodle 

quality with hydrocolloids (alginate, xanthan gum, CMC, guar gum, carrageenan and 

konjac mannan). The results show that Ubon noodle with hydrocolloids has exhibited 

qreater cooking quality and texture than the control (no hydrocolloids). Besides, Ubon 

noodle with hydrocolloids had lii2her sensory scores in a l l  attributes than the control. 

The optimal hydrocolloids; alyinate, xanthan gum, CMC, yuar gum, carrageenan and 

konjac mannan were 0.75, 0.5, 0.75, 0.75, 0.25 and 1.0% (w/w), respectively. These 

resulted showed that 0.75% guat quni was the most effective hydrocolloids to improve 

quality for Ubon noodle in terms of higher cooked weight, elasticity and lower cooking 

loss and were scored hiyher by sensory paneUists. The study of instant Ubon noodle using 

drying process showed that the optimal process were 6 0 ' ~  for 2.30 hours and 7 0 ' ~  for 

1.30 hours which gave the high cooking quality and consumer acceptation. The quality of 

instant Ubon noodle was better than commercia\ dry Ubon noodle after reproduction with 

boiled water 4 minutes and microwave 5 minutes for drying process at 7 0 ' ~  and 60°c, 

respectively. In addition, structure of instant Ubon noodle was more porous than 

commercial one which resulted in higher cooking quality. The result of this study could be 

used as a basic knowled2e in food application, especiatly in devetopment of instant 

Llbon noodle to make an economic potential of local community. 

Keywords: Ubon noodle, Hydrocolloids, Alginate, Xanthan, CMC, Guar gum, Carrageenan, 

Konjac mannan, Instant Ubon noodle 
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~ Y U - I ' U \ \ ~ % I ~ W ~ ~ ' ~ ~ ~  ibirefrinyence) ~ n ~ ~ ~ ~ d ~ u s ~ M " i ~ M ' n ~ ~ w ~ ~ m " a ' ~ a ~ ~ d m ~ ~ ~ ~ ~ ~ u ~ ~ ' ~ u ~ u n ~ u  
1ri1ha%riinvildLiinb9ai~1udiu b b ~ ~ ~ n ' a : ~ ~ n 9 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ n " ~ b b a ~ d 3 d ~ 0 9 ~ ~ ~ ~ ~ ~ n i 5 b ~ ~ ~ ~  

ai i 'budunndi~5~1 luns$ua~uddCujudid:~a'd q r u ~ q ~ u n i s m ' n r o a i ~ ~ u ~ ~ : a ~ P u d ~ d  58-70 

s9flilsla\~un u a : w ~ ~ ~ i u ~ ~ ~ ~ ~ i i z u a u n i s ~ i l a i ~ ~ u b ~ . a " u i l % d ~ z i  14-17 ;aiania.l r ia  
~ L ~ ~ I - M ~ ~ ~ ~ B L Y I P I O R  Differential scanning Calorimetry b n ~ ~ a ~ d r ~ a ~ ~ l i l ~ ~ ~ ~ ~ w o ~ ~ a ~ r n ' ~ e r n a i u  
tau ~u 'n r~~~~ardduu1dp3~~pdan iw"ua~~~~1~un (paste) diin-aiuwiimi~u$uaii4uin uazdauil.r 

~3unrduasile~?m~3u~~~~iu ~ ~ ~ ~ l ~ ~ m ~ u ~ n ~ ~ ~ ~ \ a ~ u w i i m ~ ~ ~ ~ ~ ~ d ~ ~ ~ u n ~ ~ ~ ~ = : n ~ ~ ~ ~ m ~ ~ a ~ u ~ i l ~ ~ ~ B i a ~  
.~rGwozr~nniian"u a"nw6ia~naiu~~mnua~r~a~ug1ida~~~drd~uur~da~~dni~~~m'aniasMd~nia1d~uu 
p r u ~ ~ ~ u a s ~ m s n a u a ~ ~ 1 a a m r a a i  a i u i s n n s a o a s u ~ n ? n u ~ ~ ~ ~ ~ a d a " m ~ ~ a i u ~ ~ [ i t  Rapid Visco 

Analyzer w;a Brabender Viscoarnylograph uda r iud id~~k r~a l~s '~~~ ius 'au~a~d in ' i a '~n ia  
w a d $ a g d $ d a k a i ~ ~ ~ ~ p  (peak viscosity) r ~ ~ r ~ d . r k ~ u n ~ k n d ~ m " ~ u p 1 a i u ~ a u ~ b a a b ~ 5 ~ n a a d i d  

d a r ~ a a a r ~ ~ ? i u ~ ~ n a m a d o ~ i d s a n r ~ a  (trough) ~d~uiruildr~~nuadu~d.6j'wdidawil'do:'b~Rdm"2uin 

I% (hi breakdown 8 4 )  daEinaru:~~u~r~ubi3-~in"n'bwn~a~a"~r~d~uiids~~~r6uai~1w'~aiu~~n 
l uw iw~ru4u i~ .a~m $4Q1~3~6a~ZnisCn~~dsuJ~ rWda~$;U~2iu n~m"?uadr~da~?Jun dauda~dun 

s r 4  
uo.ruil~u'uhdr~<drBu~aa~ ~ai~~iinoa~~u~ubw"u~~dnu"aucy~iu"u (finai viscosity) wdu~uad~in 

u d ~ r i ~ d i d ~ ~ Z ~ i i a : ~ i l b a a ~ a u < i ~ ~ i  Y i i P ~ ~ i i ~ l n i ~ ~ ~ h u a a ~ ~ * b ~ ~ ~ a n - B a u ~ ~ ~ a ~ u ~ a a ~ u ~ a ~ a ' i ~  
duchdi (retrogadration) u i l ~ r i u i i i ~ a ~ ~ ~ ~ ~ 1 5 u ~ r J ~ ~ r i i n o i n n i 5 ~ u ~ a h 1  (61 setback ;I) rrat: 

IGZn\rolaua~r~~~r~uni?6si 1ri~'ur~a~rdp3r~iup1riu~~Cucbd~'11iin$u (niiim~aR' ua:~&qa, 2546) 

Horrndoka rra: Noornhormb (2007) ~n~i~a'Uaani~~~ma7us'~u~un"ukdd<iau" 

n i~drud7~?~n iwuedr~un '2u~~ua  1nuu'iud~d~niuM'e~~airnu1ltl"~ai'~1s'au (anneauns) d 
qa.4~23 45, 50 Uaa 55 adpiirslar~uab~unai 8, 16 Ua: 24 @21uasnu~iriu LLas~h2iuiau 
& (heat-moisture treatment) hilr~:ad autoclave ~ ? N I I ~ ~  100. 105 ka: 110 B J R I L ~ ~ ~ L ~ ~ M  

rauaaai 0.5, 1 r iaa 1.5 426u9 miudin"errr~aM'in~s?~m~i~w' ni~riinraauaarrJ~~ia ~igan15waa 
d 

iY2 nisasaiu a i l d n i s d u  paitinn rra:r~a~u'uciaua~raafiauu"iui~"i~a"un'a~~rm~~a urraauu~ad 

qonlnil 40 a.rpliraaiua iririnaiu$u 10-12 g / l oo  g riauli~Gwinu~d~ald7'[il qruniwnisiiqn 
x 

(cooking quality) rra:%a"nwmaruoa"uw"a ainwanis?cm.iia~wui~ ni51~maiuz"aurreruu 
4' 8 Y 

Annealing r ~ n a n i s ~ ~ m a i u ~ a u a u ~ w a w ' i ~ w ' ~ ~  gel hardness u a d u ~ d & a ~ d ~ u u a : i ~ u ~ u r ~ a ~ ~ u  
? r u ~ ~ i u a s r ? a i l u n i s ~ ~ m a i u i a u  t u ~ a u d ~ ~ d n a u e d ~ 9 a ~ b ~ d ~ z ~ u a ~ n " u d ~ u i w 5 ~ a a m 2 1 U ~ b ~ ~  

A' YPI 

ua~rGmr~~~~~~~a"uw"u~n"un isns :a iud ja~ra :ma iu~ar%aan iu lu~da~aaraa  &bwsiiu'bn5u 

u a n ~ a ~ u ~ n u m s ~ a i n n 1 s ~ ~ ~ a i ~ i o q ~ ~ 4 a i i a ~ ~ w ~ u  bnunislM'~aiu<ouuuu annearing LQUIILM? 

~ ~ u r a ~ a u i l ~ l ~ n m s r i u d a ' i n " e l ~ ~ n i ~ b a a w " i ~ w ' ~ 1 ~ d n i ~ ~ a 4 m " a a m a d  d ~ u i m ~ i ~ o a a n a a ~ d ~ ~ u a i r ~ ~ ~ ~  



Y r :  F;I gel hardness iih:u ii~uwaueqrns~iinaiu~oudu wuii n2;usuduiiiliudi1waia~;i gel 
3 ; -  hardness ~~uwu i i i~ ; ih i rdou i l J ima iu '~~umi  a~nis~~u&.iuo.rdi qei hardness {~~~( i l i l in rns  

b d a u h u ~ s ~ i i ~ a i u ~ u b a ~ a a ~ ~ u ~ a a ' u a ~ L L d ~  iFin~5u gn~~ousiadiuauu~n~ubdauo~~ila $qM'ilm' 
d l  gei hardness ad$u u s ~ i d ~ ~ m i u d ~ l n 6 ~ a n a i ~ d ~ ~ ~ ~ : ~ a : : ~ z n ' ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i f ! ~ ~ ~ w a o ~ 1 ~  

Y u i n d s n i s ~ n d a u ~ u a - r a i u w e ~ ~ u s i  I n u i ~ 2 i u a u ~ ~ ~ u a - ? ~ ~ ~ ~ ~ a u i n ~  i3:fiilGdi eel 

hardness a n a . r r ~ a ; l i l i n ~ ~ i ; ~ ? o u ~ u ~ ~ a w " i a i u ~ n ~ ~ a ~ i ~ p r o ~ ~ ~ ~ ~  m~j~ukwuiinidtl"m2iu?ou 
uuu Anneabns ~ ? N V ~ S  55 ~afi ib91bie~a n a i  24 g7181a k.ar.rn~~~na-tu~u 203/1003 hu<v 
n i s I i i ~ l a i u i a u d ? ~ ~ ~ r i  110 o.lm~aa~&a v7il$6di qei hardness aqdqn 6iuauGni.rmiu 
~ o u . ~ a ~ ~ ~ l l ~ w u i l n i d ~ ~ a i u f o u ~ ~ u u  annealing a a z n ~ s l ~ ~ a i u i o u d r n ' a u ~ ~ ~ ~ ~ ~ ~ ~ d u i ~ l w "  
rrudmqnaiu%uunrbr~q~ia~q~u~au uamalG~$uii u ~ ~ 6 i a ~ ~ a - t u ~ ~ h r r m i i ~ n i ~ ~ w " n a i u i ~ u  
uin iu 1 m u ~ n i ~ ~ n ~ i u s " o u d u ~ ~ a w " i ~ ~ ~ a ' n ~ 1 0 ~ ~ b ~ ~ ~ ~ ~ ~ u ~ ~ a b m " ~ ~ n " ~ ~ d a ~ ~ i n ~ a i u 5 ' 0 ~ ~ u ~ e r a w " 1  
lM'~iinnisaiiqwa"nI~A'11a~bi3a~bJ~ 6iuKigqni5waqC7 (sweilinq power) uaaaaiuaiui~nluni3 
a-.aiu (solubihfy) v l ~ i i m ~ 1 ~ " ~ ~ i u i 0 ~ X ~ ~ a a ~ ~ ~ u ~ ~ 1 a ~ ' i ~ ~ ' c i i ~ ~ ~ a a ~ ~ ~ a ~  L ~ ~ W O I ~ I U L ~ ~ ~ L L J ~ ~  

ni~tdu~iY~'7nulmai ~ ~ i i ~ ~ i i ~ ~ l u r n r n a a i u ~ 1 ~ 1 a ~ ~ ~ i ~ ~ n i s w 0 q 8 a  ~ d o v i i n i ~ i ~ n . r i s M . ~  
ni2viiqn (cooking quality) wuiimd~fl?iu~nu~uiwao;ii~~' cooking loss La:: 61 rehydration 

K d 4.d 
nnnq Iuuhi::drii5runiw~uah I n u ~ ~ w i z  diam% (tensile strenqth) uo.n8urilu~~u2nun13 
lw"naiu?ou#un"er~~4~u"iaGdi~~u~u mYiu~a iu8~ iu5 's : :~ i i~auu3~ i~~~5ni~n iw~~~1bJ~u" iaF i~  
qorniwuaq~riufiaurd~a~uii h i  hardness tensile strenqth ~PI -J IU~U%IJ~%J~ gel hardness 

lubO.ruan ndialamindi hardness tensile strength F.r<u 61 gel hardness 6il:5siigq$u62u 
Y Y ~piunir ~~t iun is lk~ iu iauXq~Luu annealing ~ a z n ~ ~ ~ ~ n a i u ~ a u ~ u n " u ~ ~ ~ n o u n i s J i u ~ w ~ m ~ a " u  

~au~duai~~8unisdaud~ud~~bdo~ue~"a"11a~~aauil.rl~"~& 
u q ~ l i  LL~:~N: (2545) 1 n w i m ~ ~ ~ 6 i ~ ~ m y l ~ ~ a k u w " ~ w i ~ n a v ~ ~ ~ ~ a ~ d ~ ~ i a ~ d i i b a z ~ i l  

a~~d~Gudids~~~l(iluni~~ib~Jqdia~di~Lwd~~uu~didr.M~~w"5wiu~a~wa~(illd"iui~'i~8u~-~1bij4 

A~IULCUGU 40% (w/w) ~~~~bw~a~b~f iu6~~"~uim~a"udiuquu'n~ i~  1.5, 2.0 un: 2.5 ~ ~ u . ~ i u i i ~ u  
t i a u v i i n i ~ i ~ ~ l s 1 z M ' ~ i r i i ~ 1 ~ 1 ~ ~ n " u " ~ i 3 ~ ~ ~ ~ ~ n l i l ; ~ q ( i l  (maximum Stress) Piisl;~unisEiu6'angu 

Y 
(degree of elasticity) unqbilaardq u ~ : : ~ L ~ ~ I ~ ~ M I L ~ I ~ ~ ~ Q ~ N ~ I w L u ~ ~ ~ ~ ~ " ~  (Texture Profile 

Analysis) uns~eauilq w a i i i n n i ~ i ~ n s i ~ r i w u i i ~ ~ u ~ i u ~ u ~ n a i ~ d c i i ~ n i r v a ~ ~ ~ ~ ~ ~ ~ i a ~ ~ ~ m ~ ~ ~ ~ a  
Y d l  ~o6in?iub6uua~ab5~n~1;qqm uazwuiibilabrd~~1a~iliu~1na1ubm'uv0~~s~ti~1~~~(il~~inni1~ila~~4 

~~~id:~&bbbam~~o;ib~uiiLb~~u"iab~i~Aaiu~b~4na'i~b~9~ua'id::Ma"~b~~~u"9~u-i ib~a~a~bbd.;lu"la~~i 

G n ~ i u u E s u ~ n ~ d s ~ : l u u o l ~ $ ~ u n a i l ~ r i u ~ i d z m k i j ~ i u i ~ ~ u a ~ u  nisduils;ijao;laij(ilGmi%~ 
~ b n n d i ~ n " ~ d o i a ~ ~ a ~ u i i l i n d ~ u i ~ o ~ b u ~ a a ~ b ~ : : o z ' b u ~ a ~ ~ n ~ u  ~ ( i l u d n a i u ~ i ? u a ~ o ~ ~ u ~ a a ~ u b i l a ~ b ~ q  
~ ~ ~ i d ~ M & ~ ~ ~ ~ i ~ ~ ~ i b ~ a b L d ~ ~ i 2  ~ $ 1  n i s ~ u i l ~ ~ i a ~ ~ i ~ a i t l a z ' b u 1 a a ~ ~ u n i i ~ ~ w ' i ~ ~ " b i 3 a ~ b ~ ~ ~ ~ o  

dd  U 
1bu~iinni5 retroqradation 'bk5anii ~ i ~ ~ ~ s a ' b ~ a i l n ~ n ( t l ~ i ' b ? r n " ~ ~ ~ ~ i i ( i l ~ ~ a ~ b d q w u a n v a : ~ b ~ ~  
unnidai:iiu a~udi~;~umsRuhn~uuaq1ila~~J4 wuil~a'ucii ~U~'~~I\~"II~.ILL~~LLD~~::V~~IM'W n 
m ~ i ~ n s i : ~ ~ ~ ~ ~ ~ m n ~ i ~ n " u a ~ i ~ ~ ~ ~ l a ' i n " ~ ~ i ~ a ~ ~  ~~a::~~wu~ifiism"unism"um"an~~~oqbi3abbda 

V 4 I t $ $  Y d U  ~ a ' i d m ~ a ~ u ~ 1 i ~ ~ n ~ i b ~ a 1 b ~ ~ u " 1 a ~ ~ i w ~ u b u o ~ ~ i n ~ ~ a b b ~ ~ u " i ~ b ~ 1 u 5 1 n v ~ : : k ~ b ~ ~ ~ ~ n ' ~ d 9 1 ~ ~ ' b ~ \ i i ~  
U d U  

luurusd~ilnailqljudid::wa~uanwNY~unii k a i u i ~ o ~ u ~ a n i w ' b n " ~ ~ a ~ a = : ~ n ~ i ~ b ~ ~ u ' i ~ ~ i  d i ~ i u  



M a n l ~ ~ ~ R ~ i : ~ ~ 1 ~ ~ i 1 f l ~ d ~ ~ ~ i ~ ~ d i l l i ~ ~ 1 ~ ~ ~ d ~ ~ ~ ~ ~ d  ~ U ~ I L J ~ L L ~ ~ ~ I ~ L ~ I ~ ~ ~ I R ~ I U L L ~ J  

(hardness) M ~ Y L L T S  N ~rrmnMvn (fracturability force) qana'i~rJ.afididu~a"9 ~FiqaBdin14 
rniun"asaut?u (cohesiveness) nisrniu~mfia (adhesiveness) nis~u(nu?n$u (springiness) kaz 

w 

n~iuuin9idunisr~uari~1nFii~n"u 

nis~nwivad Cham rra:. Suwannaporn (2010) ~ ~ u a ~ u i i ~ ~ ~ ~ a d n ~ s l % ~ d ~ i ~ a ~ < ~ l ~  
S Yau nisw8on~uiunaui.'ualu~am"u~mai~n~su nis8nwi~s~uuaw~Ro~n~itJav0~nisl~~a1ui~lu1un1s 

v d d  d?~dPqnriruu3ua~b~4~~~a~~~~~oe]?ud9~~iiun'a~~~a u~au'ia~sivlus~\~~aaq~1%'idS"u~s,~Iu 
a a n i a z C i i i f l a i u f a u u a z ~ a i ~ ~ ~  (heat-moisture treatment; HMT) ua:nismaeurMaa 

  anneal in^; ANN) ~<nis?b~4iz~rbuu Response surface methodology (RSM) fimu%&isaiq 
d LLWUnl4YIRRD IUUU face-centered central composite desiqn (FCC01 u ~ o r m ~ n ~ ~ a d ~ ~ ~ i r ~ % ~ ~ u  

r n s d i u d ~ . r ~ ~ a u 3 s a ~ ~ r d ~ u " i a r ~ i  ililbCiv?inisifnw4n d ~ u i ~ ~ a i u $ u  ? ~ M ~ ~ k a a ~ a a 7 ~ u n l $  

'IhaiuTiiu d in i sA i iw iA Ia la i  (rheoioqy) u a n ~ n w r u a ~ i ~ ~ ~ a ~ u w " a ~ a ~ ~ i l a r ~ d ~ u " i a ~ < i  wui i  

ido1%rnrd?ud~6aui"s HMT n a l u 1 ~ ~ ~ ~ a u d u 6 ~ l ~ ~ m 2 7 u ~ ~ 1 i n : : ~ ~ ~ ~ ~ 1 ~ % ] u ~ n ~ ~  k&l2nih 

ni5~M"naius"au~iiflaiu~bflnlaii9n"u iau?; ANN r b a n d ~ f i b ~ u ~ i ~ n a l ~ b ~ u i a a u f l " a u n i i n i ~ ~ ~ " 5  
HMT luynJil%J dauqruauu~rndiiur~a~ukawuii'bii~ai%]bbmn~idn"u 

d 3 ~ u i  ~~aanuaw45~ (2546) ~ n w i ~ a ~ a ~ d i u i [ ~ ~ i l ~ . u " i a ~ < i ~ ~ a " u ~ i ~ ; ; a ~ ~ n i ~ u ~ ~ u : : ~ ~  
a w ~ ~ ~ i l d u " i a b < i w r n r ~ ~ 1 ~ ~ ~ b d ~ a i ~  bislun-1swaurailddiiab<i~ua"lil~iaau5"auaa 20, 30, 4.0 Ma:: 50 

I ~ a w ~ m l ~ u u z v d  tsii~fl?iu$uiauaa 12.6 rraa 12.5 i l intau$ini~~bn' l is~ ~nwfuaLua8aJ$a uns 

riiii wail~nnisinzinwrua~ia#u~"awuil  nirdudTuicuuJ.r&ar<ibbazGi Gil~Fiir:uzm.rgdqpl 
a ~ a ~ r d a ~ o i n n i s r ~ u ~ ~ d ~ . u " i a r ~ i u i n d u ~ ~ d ~ a i ~ a n a ~ ~ " i l ~ " t l T u i c u n ~ ~ o 1 u n m a ~  b~uuand~duin 

~aiua&rrsd a a u ~ ~ n a i u a ~ i ~ u a ~ u z v d ~ a ~ n a i u 8 u w " u d n " u r ] ~ u i ~ b t l ~ ~ u ~ a ~ ~ u b b d ~ a i ~  h n i a  

azviauiraruaduzMdi3zona.rbdati~uiN'itls~iulurrd~ai$~;Idu ~ i n i s ~ n a o ~ w u i i n i s ~ ~ u d i u i r u  
r~ . i l~ .u" i?a5 iaa i ise~a I f iuz~~~na i81a i i~  (L*) r~asU4na1urCIuW~~ua (a*) uin& r & ~ i l i n d ? u i ~ ~ d d  

harfiiduin~udil~ti~uitu'ids~iu'bu~~J;Iai~aa i.rviil~ua~dBn2iuaiiduin;u uauwuiiqns 

d~~ui::au1unirw8mua'trl~~d~d~iiaa<i~~~rry1urrd~aia"~a ans$%.r~il.r&ar<~auaa 2030 ua:: 

&iaua:: 44-45 ~ : . ' b ~ u i ~ a v ~ ~ S ~ ~ n i d i ~ ~ m n ~ i i ~ i l i n u : : ~ ~ r u i l ~ a i ~  
f i u $ r i ~  LLRVRN:: (2533) 8 n w i w a u a ~ n i s I ~ ~ d . ~ u " u ~ i d ~ ~ ~ ~ t ~ a u ~ ~ J ; I ~ i a ~ < i 6 a ~ ~ ~ i w  

uodra'urias~dua 'imuwmad~riuilid::~a"~lurr~.~.u"ia~~in"a~~m~~dau 0, 10, 20 Lra:: 40 ~JivlG'n 
I 

r r h )  ~ ~ ~ ~ a a " u n ' a ~ L ~ u a $ ~ n a i u ~ u t i ~ : . u i ~ i a u a : :  11 ~ la i l i nn is~r~1s i : :SA 'a~n 'dsunau~ i~~~~va .~  
Y 

r~~sCui idav&~ra~~rd~.u" . i~r$ i  ~ u i i a a u d s z n a ~ ~ ~ n v a ~ ~ d ; l ~ ~ a a \ r ~ a  ni3ule~msn iaua:: 
r w  d 

87.70 Lraa 87.77 n i u ~ i i u  aau~af l is~r f ls iaSA'q~niwwidniu~iw bmuw~nis~Lnsi~.tsm%uni5m,(il 
Y Y Y 

r i iwui i  od.rrjudida~kaiui5n~m~1ln" 1.85 ~ v i i  ua.ru' i~l in~~ild (u'irnrinaG4) aauudd&arh 

a iu i snnm&~t inn i i  Ra 2.38 ~ v i i  r $ i i w a u u i l ~ u i r d i d : ~ a " ~ n ' u ~ r d ~ . u " i ~ ~ $ i ~ ~ ~ m ~ i a a ~ ~ ~ ~ ~ u  ii 
uan' i~~nis~m~ivi larrddwau~d~auad aaunisasaiu~inu~1ud~.u"ia~<1a::ai~~i '1n"~a~a 0.68 i d  

4 Y u~nni1uil~riud1dz~n'.rr$ewauuil~&ao~r~~n"au~~1~5~1~1aau~~~u~il~ii1w"n"~dni~n::a1~~i 
uasr~J9e~auanad i ianaiu ~ ~ m " a u o ~ ~ a a w u i i r ~ J ; 1 ~ u d i t l ~ ~ a " ~ B ~ a i u ~ 1 ~ c ; i a 5 1 a ~ r ~ a u i n n 1 i  ucii~ia 

w a u ~ d ~ ~ ~ ~ a ~ L ~ i ' 7 a t l f l ~ ~ o a ~ ' i l ~ ~ o a r r ~ ~ w a u U 4 n a i u d a u m " a a ~  eraoinnisdnwini~~d8uu~~da.~ 



\abs~aaaoand (Hydrocottoids) 

~ ~ ~ ( i l ~ n o a a a u ~ ~ ~ a i s e l s z n o ~ d s ~ ~ n ~ w ~ ~ ~ ~ ~ n ~ i ~ ~ ~ n " u  (polysaccharide gum) ~ h w o  
~ - ~ u a i i n n n i s t i ~ u ~ a q a t d o a ~ u i s i s ~ u  d i lGc ' r i lu~aqa ln~a iuu ia  L:ai i?daaaiuhoslg 
a i 5 a z n 1 u d J m 1 u a ~ m ~ ~  ~ a ~ u i ~ ~ ~ ~ l ~ ~ ~ i l ~ ( i l m ~ ~ i ] a a ~ u n ' ~ ~ u a i ~ ~ ~ u ~ a i u ~ i j l i l ~ ~ a z ~ ~ u w a i ~ ~ ~ ~  
n';lusia-~rii.rl iG5u-1, 2545) rn?alsIn.inuaaoun' (Hydrocolloids) ~ w ~ i b u o ~ a ~ m a o u ~ l  

(hydrophilic) M K v ~ n t v  ;%.JvI% s a u ~ ~ ~ w ~ ~ u a ~ ~ m ~ ~ e l s ~ 1 n ~ s s ~ a i ~ ~ " s a ~ ~ b ~ 1 s i : : w '  ~ m u i a l d  
I Y 

d1.I 0 

o . - l~u1uba~a~uu i~~nf iubaqa~dd5sna~n"au~~~am~an i  (-OH) unzoioezbdu polyeledrolyte 
B v d.4 
auy 1 r d r u s i e ~ i i i ~ ~ s u a n ~ w u i w ~ ~ i n " ~ 9 u a i M ~ s  cdu rbuaislGo2iuwih vi11GeFin~oa c9uZia 
G l d ~ a o i  (ernukifier) ccasrfiuaisd~"i'b~"bfim~aiu~~n"a ~fiui'u a ~ ( i l w ~ l ~ l ~ s o a a a o u n ' a ~ u i s n e ~ u ~  
In'du 3 nijumiuu~a.rdui l k ~ r i  

l . ' ~a1ns~ lenaou6~n 'u i~~ ,nbssu ' t l i ~  (natural hydrocolloids) ~ d 6 s i n a a u ~ i 1 . r ~ v a ~ d v  
~n'bbn'bua"m u-14 bdu 6a6'aGut% (locust bean yurn) 8uais1cn (gum arabic) sin a°16u r8"I.J b~ t f j 4  



M?dm"47inaiw<iuw%ba b.du ~i<si;bwed (carrageenan) ~?dm"uiqini;"ni bdu h ? u  (chitin) M%I 
Y i l inn~a . , raun isw~nf i~ub"~~o~~uw~u '  adu u.auabnu?i'u (xanthan gum) 

2.1afimsnoaaagl~~m"n~ael~ilinais~1601n6~su.1116 (modified natural 

hydrocolloids) l A a ~ t i  oyiudve.r~~aqlaa bdu carboxymethyl cellulose (CMC) 

3.~a~mscaloaaau~~~bn4i::w" (synthetic hydrocolloids) a$u Iwa"be~gueenlbam~w~bue< 

(polyethylene oxide polymers) ( ~ v ;  bbaaUYa.rya, 2548) 

O I P  & aslerlnsooaa~un 6 

1. n i s n s z e i u i ' ~ ~ u ~ i  (Dispersibility water) ~ ~ n m a a a e u i ~ a v ~ ~ n j a z a i u ~ ~ ~ u J i ~ o u  
ii~iu~uia.aGn~vii~uda::a~u~n"buGi~du r~azuiaaiinazaiu~GU"iaIuaisazaiu~u~~U' n i s d u I n ~ -  

Y 

p l o a a e u n ' r i ~ a i u n i u i 5 f l ~ ~ e n ~ ~ ~ i u m " a \ ~ u ~ i ~ ~ ~ b d 5 b b m n m i a n ' ~ ~ u n i  degree of solubility & 
~ s % d i ~ ~ ~ ~ ~ u a . u ' o d ~ ~  ~ r u ~ q ~ b ~ a ~ ~ i a i u b ~ u ~ u 9 r a a ~ ~ e d b b ~ n ~ 1 1 ' 1 s n '  

2. m i u v d n  (Viscosity) wa~u~nplils6Ldaa:aiuluX ilrlria~.rai:aiudiimiu~ii~ 
I Y 

L G U ~  ~ ~ a z a i ~ a t . a i u . u ~ a ~ u ~ ~ ~ i a : ' ~ l G ( i l a z i ~ 1 a i u ~ ~ ( i l ~ ~ ~ m n ~ i ~ ~ u  iloil'u~iiwa~;ana~u~i!m.uaq 
aisa-aiuriulCu" as~us iRuotwa8uln~1 '1~n '  q o l ~ C i i u a d ~ i $ d a s a i u  n2iurba'uuaq 

d 
ai%auaiu a i ~ a a a i u ? i ' u u d a u a ~ n ~ ~ ~ ~ ~ a i u ~ ~ m ~ ~ ~ m ~ f l a i u b ~ u ~ u b b m n m ' i ~ n ' u  

3. nisb?inboa (Gel formation) we~bl~nni '1~m'ui4a~n a i U i ~ f l l ~ ~ b ~ a ~ m " ~ i ~ ~ n ' n i 2 ~ ~  

bvuizau idu 1wn~u~zr i in r~a l~~ud i5 'eu$ iG imia  bbaznm 4~J1'1fl<d5:IuauTu?rna1~n55u 
eJa'n~t.uu~~aa~oaz da~zw"i%~~w2nkr"a.iid5a"nww:bd~1? ~ ~ a z ~ . ~ u ~ a a ~ ~ ~ ~ i a a n l g  d~w~ubwn iud  

V d  d 
~v~bunon%au 'euasb '1 ( i l ~~a~n( i lbua~bb~a~~uu~a~ 'b~~<11  b8u!u (c%~i, 2545) 

@ 7 $ ~ 7 &  (corra feenon) 

niisi~~~uutduais~an'~~n'ainai~iiunrm8una (Rhodophyceae) daa~umia'w~m~ilu 
ni~ms&i l&ri Eucherno cottonii ua: E .  spinosum i i i n s ~ a ? i ~ ~ $ n ~ h  galactose ~dauoion'u 

6ai?u&az glycosidic linkage wt.rau suiphated polysaccharides ~~RI<~I~uu~c~uu~L$u~+ 

~ n u ~ n ~ a l u . d ~ r n ~ ~ u . i l ' ~ u a u u a s ~ ~ i i w ~ ~ ~ a . r n ~ u  ester sulphate uaaS7uau 3,6 anhydro-D- 
3 

galactose (3,6-AG) Kappa, lota bras Lambda ;a carrageenan d 3 a h u  dsanau6ao 
L Y 

~ ~ ~ a a ~ i a v a a ' i w ~ - ~ ~ ~ [ m n i \ s ~ w a " n G ( a " i q  r-Yuwaiunuau 

Kappa carraqeenan i!sznauhu 1,Elinked qalactoside 3n6u sulphate d t h k ~ ~ a  

4 ~ a z  1.4-linked 3,6anhydro-D-galactose (3,6-AG) ~nu&li~&rn'~b~u mu-carrageenan 61s 
d ~ u i r u  anhydride oinnis~m3~b4u 3.6 anhydride u?n% 28-35% oz~~aM°i%fiaoia~dbb~1ab~uu 
ua-G~~lunlu~.iolun~'i~iic~~sa i?~~h&x6rnLU1-i 3,6-AG $.r$a rrdo~ssaiina~uupln674 

? h d ~ i u ~ u v s ~  sulphate d i i ~ v ~ i d  4 1u 1,3-linked galactoside uarn4u s ~ l ~ h a t e d h ~ ~ ~ ~ k  

d 2 M% 6 l e d  1,4-linked palactoside s : w " ~ ~ ~ < ~ i ~ u ~ u ~ ~ r n  kappa i i q ~ a u d l m n i i a 6 u l d  
d 

lota carrageenan dssnouhu 13-linked galactose sulphate ~ ~ I U M ~ P M  4 LIRE 1,4- 

linked 3,6-AG i n i u  sulphate M " h b n w ~ a d  2 iiairnth~uutbu nu-orraqeenan ~ 2 i ~ k m n m i q  

4 z ~ i i a  anhydride ~ u ~ i < s i f i ~ ~ u u ~ ~ Q m k a ~ ~ a  uat. iota Re i 1 u w n 4 u  sulphate ~ P ~ L L M U J  



d 2 Tu 1.4-linked galactoside usd lota BzDuinnii kappa d5auia 25-50% ~laidaisldupl 
D W  d ailuuana.r I~s~iiwndi2ll?konddou~u iiwcnu sulphate dsiiri~ljdd 2 u i n h  80% q~ l -~ha  

unarilvu Lambda carrageenan ~=%nau6as 1.3-linked galactose ddin4u sulphate d i i ~ ~ ~ d  

4 2 ~SZUIN 7096 LLas 1,Clinked qalactose i n i l l  sulphate d l i k d t i  6 &carrageenan girl  

&ix~rir?mnisgnaatdu 3,6AG kiiwadilMriu'qmauuXuni~~?lil~ila (Whistler and BwniUer, 

1993 bra% Phillips and Williams, 2000) 

~ l i i s ? ~ ~ ~ u u ~ n a i i n a - a 7 e , \ ~ 1 u G 7 ~ 0 ~  n'7~5u~nffs sodium vss Carrageenan 

a:, Kappa~ras lota i r sa iu i~naza iu l~u~ i&  luururMdrn~sua.r2oau'11~n~u~ rduldrrmaduu 
~7nanaduu ~ u ' a i u i s n a : a i u ~ ~ r i ~ . r a u ~ s ~ a u  Carraqeenan tlcn lambda u~aza~~ lau i i r ! u  

~ u l a i ~ u t i u a ~ ~ u o ~ ~ e n u  d r q o l ~ l ? ~ M 7 a r u m . r a ~ a ~ ~ ~ ~ a ~ ~ ~ ~ a ~ u ~ ~ ~ i ~ v o ~  Carrageenan ~ a r i  
oaudr i iu~ is~r iau1~ f t im i i5 i~ r ruu~~m Kappa nag Iota ~ s d ~ ~ m ~ ~ i l u n i ~ n z a i u u i n n i i 7 0  
aa~liraar!ua u n n i l i n ~ f i i i ~ i 7 u u u ~ n ~ ~ ~ i l z ' b ~ a ~ a i u ' b u m " a d i a z a i u ~  r~viaiuisoa~aiulu 

<I n i < ~ i i ~ ~ u u a i i n  Kappa &as lota d ~ ~ ~ u n ~ l n ~ o d ~ ~ ~ ~ n ~ i l a l ~ a ~ i ) n ~ ~ ~ i ~ a ~ u ' ( ~ a ~ ~ ~ r " i ~ ~ l a u u  
3 d 

15uAaq d~rila~rna'iuadh.i thermoreversible aqueous pel Bo a i u i ~ n ~ o a n ~ a i u i d o ~ ~ ~ u  

flaiu~nurLa:rfimbila~n~~~b6ab~un"aad 
lun~-ru'~mi-riiiuuuI~J9.a"bu~maiwn-r~ui~~6i~~il~ Ionic content uoaGnrio14$u7 

h o  r iu I ~ f i i ~ i ~ u u u w a u a a ~ u a i ~ i s w d ~ ~ ~ ~ u  1 ~ ~ ~ ~ I u I u ~ a q a ~ ~ ~ p 1 i < ~ i ~ b r u u  0 ~ i d j i i 3 u i  

r iu~~di ir l~-?Iulu~aqavo~~d~m'uIn" In'nli nisu'i Carraseenan Ifl6J1zluau~uwlmn"tuw'uu 
~ d u  Calcium fortified milk, Chocolate milk, Mousse, Pudding ka:: Ice cream dtuzi~nni is i  
d d d 
iluuua~%uaiauwauua.rla~n~urwarl~uai~~du~aiufi~a iao'b~~iauwauva~lmn~u~aaut6u~~a 
rdsan'ulrijiu uaz l r i i i a~u~r5uua~r~aar run~aaanu i  (whey OM ' r r ~ i i ~ n n ~ t i u i n a i  d3uit-u 
~i$=ii$r~uuda<dssu7~ 0.01-0.02 % vn~iauwau$d~m uanB;niu"d~i~d~%u Water-based 

food systemsbh Fruits in gel, Fruit beverages, Pie filling &a:: Surimi b ~ u h  (?@ uazor'9.l 

ya, 2548) 

a u ~ ~ ~ u ~ w i s ' - r i ~ r ~ u u i l ~ d u a ~ ~ u d ~ ~ ~ a u ~ ~ a ~ ~ ~ ( a " a r ~ l ~ ~ ~ a ~ ~ u b ~ b ~ ~ a ~ ~ u ~ i n ' ~ ~ ~ ~ u " t  
rrsinFiisn"u'buuFiaz"~~G~'~o~nii~iQ~~uuXu M"iIG~au~~rti;uluni~~?md~n"iuin"~bd~~u G i l G ~ i i  

A d  : si~rru~aiui -r~i~lsSb. i i~~~l~'~~~n"uai~i~~uuiuurSu~aueraulm" n i f~ i~~~uu~:aza io lmY4~1az i  
e 4.4 d 

naiun.rwavrw~aag~nii 7 iiidrsa$inii 7 r n i ~ l ~ h ~ ~ a n a d ~ u ~ a w i : : ~ i j ' ~ ~ a w ~ ~ ~ ~ < u ~ u a n i ~ z ~  
6 ~ i ~ i a ~ a i u ~ & t ~ ~ ~ d u o ~ ~ u a i - r a ~ a i u n " a ~ ~ ~ u n d d i - r ~ a : u a u u ' ~ 1 i - ~ i f ~ i ~ ~ ~ u u  i l s ~ d ~ ~ a z a - 1 ~ ~ 6  

~b$o~unaiu~ou~w"u;~wa r ~ ~ ~ a ~ a m i i l a a a a i e r ~ ~ ~ n ~ s ~ i u k a ' b ~ P d Y a u n a ' i a s ~ a ~ n r ~ n  ~ i ~ ~ i ~ b b u u u d  
a z ~ a S a u g J " i ~ u n i ~ ~ ? n r i l a ~ ~ ~ n F j i ~ E u  d i ~ T u ~ ~ ~ d d i - r ~ a z ~ a u P j m i - ~ i ~ 5 i i ~ r u u  BY r t i n ~ i l ~ ~ ~ ~  
thermo-reversible finu~na\nnisrfin~8u double-he\ix carrageenaa polymer n i7 \+n i j~ i  
Cd auuuwauIuaiui-rdii1~5~u ~ ~ ~ r ~ m ' b u ~ u ~ a q n " ~ a d ~ l i 5 ' ~ i ~ ~ 1 u u ~ : : ~ i t ~ ~ n ' ~ ~ i n " ~ ~ ~ ~ ~ d ~ z ~ ~ u  

luraqausdld.l&~ln' ~~~u~r l . ru ' in i i~ i~~ iuu 'bf ldd~~boa~n"uer~c1n"~~uu ~ d u  nisrRuniisiiuuu 

aa lu ;dauerauuos \o~n?u~do~~uw-~ iu~~~a  . d ~ u l ~ a a u w a u u a ~ \ a p l n ~ ~ 1 w a u ~ 5 u ~ ~ a 1 ~ ~ 3 n " u \ ~ i ~ ~  

r r a a i ~ a a ~ d r S u u a s ~ . w a a ~ u n ~ a i a o o ~ s a n - i i ~ n i ~ ~ ~ ~ ~ ~ ~ ~ i  d 5 3 u i ~ n 1 ~ 4 1 ~ u u ~ ~ d % z u i m % " 9 ~ a ~  

0.01-0.02 uada~u~lauA~un c:a~I, 2545) 



&?i$6%1@ (Alpinatel 

~ ~ t u n ~ ~ o ~ a ~ u i ~ u a i s ~ a ~ m ' b m " i l i n ~ i w ~ i o ~ : m ~ ~ i m i a  (Phaeophyceae) luniswBm 
8 a ~ a ~ ~ l a D u ? m n 1 ~ n r r u n i ~ i i u ~ - a a d ~ ~  IKun' Mocrocystis pyrfira i i b?ud5%ai~ ioUav  

4"  s 

14-19 Larninano cloustoni aaaa Larninaria diqitata uaailud5sulcujou~::iaa 15-40 d~uimdwu 

i l du~a i rnua~a iM i lu  q n i a  c i a z r c ~ i . m d a i ~ i i u c i l ~ ~ a i ' ~ ~ m  ai~jiuewii-iwu1~~2 71flu1an 
d z - ~ ~ m d w ~ i n ~ ~ ~ u n u i n  cia sru?ni Gsnqw d&a~la acdu uainu' unuuim cmst$jul8~um 

L ~ U  unbranched binary copoiymer YEIJ 1,4- p-D-manuronic acid (MI La': L-quiuronic acid 

~~~~~~~~~~~~~~nauhu hornopolyn~eric reqions veJ G uaa M dduni i  G- ua:: 

M-blocks w iu6 ih  uau~.m~uisii~uunsluca;ac~u MG-blocks 8ma2uaos copolymer aaa; 
1 n ~ r i ~ ~ i ~ i ~ a i ~ o - ~ 5 u ~ ~ n " 7 v u ~ a u ~ ~ " ~ i ) ~ 8 a ' i ~ u m  idu o'ilwdauoiii G G U ~ ~ U I N ~ ~ W : ~ R ~ Q L ~ U  

$ a $  
a e a w ~ ~ u s w ~ ~ i u c . U Y u ~ u a o s T a ~ z d ~ z ~ 9 ~ ~ n a a w i u  (polyvalent metal cation) uin"i ~ w ~ L ~ o S (  

u' M diui~qsilsdr~ua~Cud~~~~ncila~aau~u c a a ~ i i a r n ~ z l u n i ~ ~ ~ ~ a i l a ~ n a ' i s n i i  ~ j a u m d ~ ~ i n  
C d  ri < ~ ~ ~ ~ u r 5 u n 1 . i 6 ~ i l n ~ a ~ u 0 ~ w " U ~ ~ ~ % ~ a ~ % n ~ 5 ~ ~ a ~ ~ l ~ ~ 7 d ~ m n ~ ~ ~ n " ~  rdu oy%uduoamlo ca2+, 

K', ~ a ' ,  N H ~ '  ~~a%$d~~mlu~duas  propylene glycol alqinate d d 6 ~ i n d j i i i ~ i v ~ d  alginic 
r Y Y 

acid Eu ppropylene oxide niulk21uiYu ouw'ubeuziiuil-nsaiu1rii~~1uu'i5'au~ca~~i~u"u R?IU 
A w r  ~ d ~ ~ l s ~ a 1 3 s s a i u ~ a i ~ u w ~ 1 ~ m u u ~ ~ n " u q n a ~ ~ i  ~ l i u e 6 ~ & 4  GIMIY~IULR~~ UR:~I+X.~M-II~S~ 

u~nlicunlriMna0mii~~au~~3ucila~casil~~iinail~'bm'~u"aiid~ii3uin"u ca2+L=iaaha uoailnii 
-44  

&VN-nh-'iundadd (es? box) lnuij ~a~+anisa~n"uaidw~auain";1niwi 3 qruauum~~loadaZ 

~ u d a  iil&??mlrreversible qel ~u$iau'uc!a~ Ca2+sauo@ai?u i.mq~auu%unis~iimb~adq~~s?ij 
~ i $ i i ~ ~ ~ a $ a u ~  i~nn~i~nn'ba~nmnaai3u~w%m"~inaiw5!iu~~~(il.m (Philips and Williams, 2000) 

d m  4 cda~inna'a~cunMdw~mil ' i~~~u~i~nisn' id~aiua~w'uu o.muqrurtv~~uni5asaiu1~uJi 
unniiaKu cdu ayw"uiascnffaunar!uu lwunaaluu uaulueiiu ualw~5fluInanoa~oa~naf 

Y Y 

oyv jua '~wi i~ i l ;aaa iu16f is lu~ i?au~ ia -~ i~~u  Y n~ iu~i jm~n~msamiu~1n'dua~n"~~ru~~i i  
waiu~u'uiu u"7wQnlucaqauas5a?~u~wa?aua~ ua=n1G.awad~zgu2n (polyvalent metal 

I W  d 

cation) a"iw?'U~~outiad 4-10 o z ~ : l l i ~ w a d a n ~ i u w i i ( i l ' ~ a d a i 5 a ~ " a i u ~ a ~ ~ u  ~Bfllw~a"11ina'7 4 Q%G 
w a w ' i l ~ ~ ~ i u v 3 n L ~ u ~ u  c~o~~iniini~nszil iun"~ama~aia:ei~ijnismn(il~nau"~1asn~n6a3~~(iln"au 

cecul, 2545) 

~ a i c u m l ~ i i ~ ~ u w ~ n f i m ~ a ~ M i 5 w a i u a ~ m R . m ~ a c ; i ~  R.N. 1920 I n u ~ ~ u I u e i w i ~ n s a ~ o ~  

uisaen l.a'~4uacls~~unaiuw~(il ar1~~Gun2iun.mm"a ii%M"ZaYa.a"u~.mm"a ai~i i lw'r i in~oa uaaais 
w 

fku"snl=icr?n syneresis (784 bbasPdYas~a, 2548) 

5ai~un~ns1'72d%.a"a4uaauwauluwimn"~Oia1w1~wai~'tl~m iuu lBrAduoi~1~nsa4aa 
4 0 w - 4  

u14aGn ~~aal.a"a4ua1~aw"una1uwdn a~~a~unaiun~n"a a i ~ w ~ i l ~ a u a ~ u  ai=iiiIG~fimcila 

ua~a~s~u~sni=irfim5uaua7%a i iu lw~~5uInan~u5a%~un~.a"~~ui~uwau%u~1aa"n FISGIMCI~ 

i~ulw"%ia.u"unam"? l a c ~ u u ~ a ~ ~ ~ m l . u " ~ ~ u a ~ u e ~ a ~ ~ l u ' b a " w 1 u u ~ l i i ~ ~ ~ . d ~ 8 u  a i  a1w"ciin~~iunsn"a 
" a" 

4 z w - h ~  freeze-thaw u a n i l i n ~ u ~ a ~ a u w ~ ~ d ~ u i n ~ a u i ~ ~ ~ ~ u a d a i r i a u u ' ~ ~ d u d c ~ o n u ~ . m  ~ i a  

Jast?u'bdw"riin freezer burn n " ' ~ ~ ~ ~ ~ ~ d a 1 $ a ~ b ~ ~ ~ ~ b ~ ~ a i 5 b ~ ~ m ~ i % 1 m ~ ~ ~ ~ w " n " ~ ~ i l N n ~ ~  vuu 
w:~uudai?ionu& & a b  aa~l~~8uaisr~upl~iupl~n"3~~'t?uldu (&I, 2545) 



0 .-.a, 

t72TtlLl (Guor gum) 

ni in i r l io~n etldospenn uo.r~uacn6u guar (Cyomopsis tetroqono(obus) iidun'i~i~jn 
ludrainfiiu~8o~iaudiAaniu t h g G u i d ~ n 2 ~ 3 ~ ~ n n n  nmha~uini inr.rnii.ruo4 ;2inir~dulws 

~ua~mouisaa.r mannose diofiuisuvius-1.4 uaziiA.ruuu.ruo.r galactose i n ~ y n 7 2  Iu~aqa 

" ~ 0 9  mannose i a k  1 Fu~aqavos qalactose n'avgu5z 1,6 w"il$~m~iaiauvaa mannose via 
ylucose ~5u 2:l &unnaii Guar qum ~t%uuu.raii.r qalactose uinni i  bcust bean gum ;a< 

~ ~ i i n u d i 9 ~  nun-ge\~nq LL~~~~B~~~~LLE~:<UGII~~UCIL!U ~ ~ ~ ~ ~ I ~ ~ I ~ ~ ~ Y ~ ~ ~ L ~ U ~ I ~ L ~ I I ~ ~ I I I  

~ d n  i$unaiun.r6'akLaz(u$i diuisn~nnii j i i iuir iu Xanthan gum vii l~ai~a::aiuihaiw& 
I Y Y 

u w  a 
~iuu7u n a i u ~ i i n a o ~ a i ~ a - a i u n " a ~ n % i u u o ~ n " u q ~ 9 n ~ ~  p~ n a i  R~I~L+U+~I.J LIR:UUIFIU~.I~~RI~ 

6au riliriuigu non-ionic ILB~MUB~E) p i i  +atnii.rRuvi 4-10 ~ i ~ i i ~ i u i . r o ~ ~ u ~ ~ a m ~ w . r ~ a ~ ~ ~ ~ u  
l U  d 

Y 

<iu?uuin ~no7unaiu~u"uu'uuo~~ranbmla9iqan71 5% ~s~waviani~~uu' iuazLi in1oa Guar 

gum iina~umuisnlurns~u J i ~ ~ a ~ ~ m i  p~ 7.5-9.0 a8mn"~w'ainirdrlin"ain"u~~l~a" 1m"ut-i uuu 

M ~ U  m a  yd IOR~%J $in& 7Jw.i ~ a s ~ ~ ~ ~ u a ~ u w a u u i l . r ~ ~ L f l ~ ?  (Whistler and BerniNer, 

1993) 

6a<f iu l ia iu i~n~3u~~alK LL~<u$~LLaunszqia~al6~uGi~fiu aisa:aiua$in2iuni~ 

q a  uaaosl i i~1a~u~Gnq.rqwniu~a"~~aaiu1u 2 ia1u.r ~ f i ~ ~ r n ~ ~ ~ . r ~ u o a ~ u d i l n ' i u i n ~ u ~ b a : ~  
n?~umirndu&ai?u ~.rl=rlCBuai,~&naiu~G~ ~ I ~ L ~ u R ~ I U R . ~ ~ ~  ~La:i2u<uJi L ~ ~ I ~ $ ~ ~ U T ~ U L L T I U  

I Y Y 

~ ~ n u n " u ~ z M ' i l ~ a i s a z a i u ~ ~ a ~ u ~ ~ n ~ ~ u u ' u  n ~ i u ~ i i n v a a a i s ~ u a i u ~ a i n " u i l : : u ' ~ a ~ ~ u ~ ~ w ~ Z  % 
Laa Laai naiu~GuGu msnu Lmauuinuo.riiymm ~dannu~+u$u~Suiu naiu~irnua.rnisasaiu 

n"a<n"urlu~~uiun"au ~ d a s o i n n " 7 ~ ~ u ~ ~ u n n ~ ~ i a 8 u ~ a o o u u a s n u m a ~ ~ a d 6 d a ~ n ~ i ~  ;a ka91 4-10 
I Y  d 

finu$naiuwimli~d~uu~~da.r w ' i ~ $ a i u i ~ o ~ ~ u ~ ~ ~ n b n ~ l u i u u  ucilniunaiu~+u+uslo~5 
Y 

4 U  d 

~8nln=ilaoigmiifouar 5 ilriiwndnnirLiinLsa~La::ni~$uJi ri?rnuun~~uaiui~nluni~Quu'i'I&i 
;.rgnd$~aa 7.5-9.0 w ~ m n ' r u n ' s i ~ i s ~ l ~ r i ? i n ' u  l6uri uuuvaiu aaa gd loplniu Jiazin 

wsmik-usiuuuau ~~adC~uaauwnuua.r ~ n s i  6asm ;niasa~dsu?u+w.r (Jbi, 2545) 

b6%u66 vlnd6-l (Xon thon gum) 

usu~rnuiYu ~ 4 u  gum d ~ n " l n u n i s M ~ n i ~ u r B a ~ ~ u ~ ~ " ~ ~ u u ~ ~ w ~  Ra Xonthornonos 

campestris ~9~.r0inn5~uauni5m~~b~a"~~::sd' iuimn~sna~m"2~ isopropyl alcohol UUnLaIbLTIU 

~~wun"~aonuiw"ilSA"iiG.r~ia"au~lw"ar~~1~ ~~bau~~u~u~~aob"swn~aw~. rn i s~ ia ' i  ~ e \ t o \  3~5saSYi.r  

t .5~ heteroporysaccahride ids-naugau ylucose, mannose ua:: nlucuronic acid ~ut?rnsidau 

2.8:3:2 Z M ~  acetyl ds::uisu 4.7% kaa pyruvic acid d5~"~lt-U 3 % bnu ~lucose m'an"~ 
mannose 6aurbuaa P- 1.4 uar mannose d~uai~~~vuadai i~aiu~a"nm"~uw"u~r 1,2 M ~ D  1.3 

dau srucuronic acid Pinb(auwirsr P-1,2 uauu~ufiai i iqrunuu3~~u gelling agent uoiniui3n 
d 

LAB elastic themoreversible gel ikda5aur-Y~ Locust bean gum ~~az~uar2un"u Guar gum il: 

~ ~ a i ~ a : a i u d i ~ ~ i u w i ~ ~ q ~  (~\ i i \ \ ips and Wi\\iarns, 2000 has Imeson, 1997) 

~ ~ s l u u n u ~ a z a i u ~ n ' ~ . r ~ u G i ~ ~ u ~ ~ a u J i i a u  n i sa :~ iu~d i i i n~ iuv~n~ . r  ~uianist iau 

d2u~aulsu' ~ n ~ i u f l . r h q ~ ~ a n ~ i u ~ o u u a :  pH n ~ i u t n ~ m a a a a i r a : a ~ u ~ p l u ~ ~ ~ u ~ u ~ : ~ d d ~ d ~ ~  



q n r r p ~ o z i ~ d u u ~ ~ ~ a ~ I u i 2 ~  o-looOc ~ 7 s  p~ i)z~iiduu~~rla;lIu42d 1-13 ~ I U  u ~ n e i n h  
us c: a isa : . a~u~rp luunu~u~~~~mauum~du  pseudoplastic d ~ i i n a i u d i ~ ~ i o n d u  gnwru-dnnp 

ua : .~~ iu~ i i n~6oe iv i sa~~ud in  (mouthfeel) l iou~~un"u~4'dzdua~~~bl~rn~~w'o1v11~a1u'~1i j~  
d 1 a u ' i d ~ 5 u a i s ~ ~ u n ~ i u v ~ m ~ ~ % i n a i ~ ~ ~ ~ a ~ ~ a z d i ~ k a ~ n 1 n ~ ~ ' ~ ~ u a a ~ ' 1 m ' ~  ~ d u  K88uais~~unaiu 

n~t%"bn"uIarnn%-~ Kiu'iuau~wu~uuiwaun"~ ~ocust  bean gum oaCuuJiuiP~Euoivi5ds::~nw 
Y 

vuuaaiu aasrubiu~ia~~mdiwyu s a i l  ~ i u u u a u  ~~a: . IXwiu ~ t ~ u i u  uanainu"~d~wau<uk\1 

Locust bean qurn i!,il: Guar Turn 1 u ~ n 5 - ~ a ? u ~ i ~ u ~ ~ a ~ k ~ a ~ ~ ~ " b ~ n ? 1 % 1 . ~ ' u ~ ~ l i l k k a ~  
r l ~ ~ ~ ~ L ~ ~ l S ~ l ~ ~ ~ 1 8 ] ~ O d ~ l S a " l ~ ~ ~ ~ 1 M l ~ ~ ~ ~ ~ ~ 9  L ~ U  ~ U W ~ . ~ ~ O I V ~ I S ~ S I L ~ M  fr0~er-I 

desserts, pasteurized, pasteurized process cheese spread, cottage cheese, salad 

dressing , sour cream ha% fruit syrups aau6u (qvj ~aaboaya, 2548) 

tuama-dtdunsn uau~inurillaiuisniidijiit uin"uIr~'i~u iiP~m~lms~n.-n~ud~nm~~mnm~nau& 

.aGnmanouuaun"u rraz/~iaa:.nouuu2uaou au' id~5i imiud~n'~ui5z~?' idb~ou~~~~i iu<u~ds~u~u 

nm1~dr~un~nrnu7sonau~u1~ Inumsdu~1,iuon3ruAar~a~ban a~uwzluuo~.rusluunun"urra~ 
a 4 d d 2  

~iiusnB~uRa~qaqlan ~:Idn"utmsudnunu~uawa'bG topping ilaa;i~dou ~ds~eibn'naiu+u~iin 

tm:.i iovninuuaunilu'b~~iu~~il~nis a~uwauooqu~uu~unit% ~ocus t  bean gum diifliiuana 

~ufaiaaay'iaawaua~62u~:.l.a"fl'u acidified milk ye\ un:. acidified yogurt (ii45u-1, 2545) 

n i sdsz~nm~~t ruu~un"u~n i5u ' i u i~dd5~~~ ' t l 4~~a i~ae i i d  i i u   us ouuau ru~noi an:. 

I8wiu % S ~ I ~ L ; U L I ~ P I U L L M U K U ~ U W G C ~ ~ ~ ~ ' ~ " ~ ~ ~ I  ~~uIdi~u$~lu~urna~d~1uns::uauni~5'au~~a:: 
~ d u  t~a:.Iiiwiuwa'lJ d ~ u d i u d ~ . n ~ s ~ u ~ a ~ ~ a : : ~ ~ ~ u n ~ u s a  ds Juaulurnsduaqlflu ~'fuua:.9a 

d r w a l r i d a u l i n ~ m n ~ i u ~ ~ G a ~ ~ n i i ~ n i ~ 1 6 ~  n ~ i u n ~ k ~ a v i i ~ n i s a r a i u u a z ~ ~ d ~ ~ ~  uaznauyum.~ 

r?qrfiu~7 wsmiioln'uu dmswauuaurtnunir rns'qia~tuu uaznivanI~uuuuuu d o t d u a i ~ ~ ~  

m a i u n ~ ~ ~ s ~ ~ i i ~ u u ~ ~ ~ i ~ ~ $ ~ l b a : . ~ ~ ~ ~ ~ u  ~"lj Pdlomn:u ul~latun n5'uu~elfua ?d<.sn:uatna'bs~ La:: 

uuwau n ~ s w a u r A n i n ~ ~ n ~ i u ~ ~ m I ~ ~ w u i a a u  d~uhl'n.swiuiu ~?u~~.rnisasciiun71~~iau 
4 -  .1 

5:.~iiqni>i~ils;d i)ilq~unistt?~~ heat shock l i aznauqun~st~nw$nJ i~~ f~  u'a.rinncuwms 

u ' iu i~a '~~u~ i lnnv"s ' t loa~ in  (dresssings) Inuwuu~uriuai lnsndaut~u~aium~~a d?ul<n?iu 

v i i n n d d t d a a i ~ u d a ~ ~ n r ~ ~ ~ n a " i d  uasu'nisQiuauunun"uui~~uni~t~nu~tw".~ rdu~doIii'Lunis 
", 

wauu&~n:odlu u o u ~ m u ~ u a i u i s ~ d ~ u ~ ~ ~ ~ n w ~ z ~ ~ a : : ~ ~ n i w I u n i ~ ~ u  ni~t~uad'bdtdad7ulrilfi 
A' 

t~ewalG~iinnisuaauaauPu~ndsa~~u ~ d a e d ~ u d ~ . r n i s u e u i u u a z ~ u a ~ u w ' a o o ~ ~ ~ ~ ~ n " ~ w '  uasGd2i 

n i s u ' i u i l ~ u o i ~ i s ~ ~ i ~ r $ d  I I U L ~ U ~ ~ ~ ~ U P ~ ~ G ~  i i ~ ~ ~ ~ i u ~ i i ~ ~ ; l d s : . ~ i i d b i i ~  

sounisu-d~~6~uaaazaiu~~a::ni5I~naiuiou luw$nn"Nd~a~uodid iia wod8d ~ a a  LUU L ~ U  
.av e 

{u u u o n u i n ~ u . i u n i s 1 8 u w ~ r n f i ~ ~ ~ i i u n ~ ~ i ~ 1 ~ o n " 1  la id  aan ~ n d  uaznail&ui~d~ 

L ~ & U  (Phillip and Williams, 2000) 
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&9p (Konjac Gl ucomannon) 

un~~u~u~a'b~b~8"oioua'u"1nar?~ua~de!nui)u (Araceae) nqnyn @rnorphophol(us) I,& 
b ~ u d ~ < n d a d = i z u i ~  100 n ~ i ~ ~ i ~ ~ ~ ~ b m ~ ~ ~ ~ i ] n w ~ i a ~ ~ ' ~ i a ~ m i a "  Odoardo Beccari l66uiriunuitl 
l ua?auna~nau "dh  Arnorphophollus titmum (Becc.) Becc.Ex ~ r c a n q ~ u d i u a . r d 5 r m ~  

~ u l n ~ ~ ~ u ~ ~ u u u i ~ ~ a n d l ~ 1 ~ u ~ ~ i ~ a ~ ' a " n ~ ~ z ~ d w 5 ~ ~ i r " ~ ~ i u ~ a ~ ~ a a ~ ~ 1 u ~ ~ d a n m 1 l n " d ~ n ~ ~ 1  
~ a i u a u l a u u ~ l i n n ~ n ~ w i a m i ~ ~ a ~ ~ u ~ a ~ e ~ ~ ~ ~ ~ ~ ~ ~ n w ~ m ' u m ? " i ~ a z ~ ~ n a ~ u ~ ~ ~ ~ ~ u ~ v d u ~ n d u  

~u~~~n!?iaur~~ans9~di~~~~n;?~p1~b~uibuu (G\ucornannan) & b ~ u m s d s : i n n ~ i i  
& A ~ u ~ a b s l 5 n ~ ~ . i ~ n a u ~ ~ ~ n ~ 1 m a b ~ u u 1 l d a ~ i ~ ~ ~ ~ ~ 1 ( i l a b m u i ~ m 5 i i i ~ u " 1 1 a ~ n ~ ~ ~ a ~ ~ a z b 1 ~ u b u ~  2:3 aarca 

a a a i u ~ i o : l ~ a i s a u a i u ~ ~ ~ M i j m ~ b a s a i u i ~ n ~ ~ m ~ ~ a l ~ ~ d o l + i ~ u ~ u a i ~ a z a i u ~ i ~ a 3 a a i ~ l ~ l m ~  

~ a a a a u n ' u i ~ a ~ n a 1 u i = i n ~ 1 ~ d u d ~ ~ d b ~ u i ) i ~ i ~ ' b m " ~ 1 a i u ~ ~ % ~ n  %rai~ds-.noulu~"a~n'bid~m41 
I u n i s ~ ~ w ~ ~ i u a r i i i ~ n i u ~ d i ) ~ 0 i n ~ s i ~ n i ~ r i 0 ~ a ~ 1 i ~ ~ ~ u d i m i  u a n ~ i n ~ a 1 5 ~ ~ a n o p ~ 1 ~ 1 ~ " a y n ~  
~ ~ ~ N I L ~ U U ~ L ~ ~ ~ $ U ~ ~ ~ W ~ ~ G ~ M ~ Y ~ ~ B U ~ ~ ~ " ~ ~ ~ ~ ~ N V ~ ~ D ~ " ~ ~ B ~ ~ U ~ ~ ~ " ~ ~ ~ ~ # ~  30-40 ~vii~mu 

d?umsludl.rilmdu.ra 20-30 u~tiuaaiim,w.rGaadln"u7und~ 3 6 # 2 1 u . r d ~ n r ~ ~ ~ ~ a . r  chiGi, 
2548) 

w ~ u n b ~ u a i s d i i d s z ~ u ~ u ~ u n i 5 u ' i % 1 ~ d . i z ~ n m ~ ~ ~ ~ ~ a ~ ~ i 5 b ~ ~ ~ n i  (Functional food) 

~ q ~ a u u T ~ u n i ~ ~ ~ u q ~ ~ a i u m " u ~ a G ~ s l ~ ~  I~ lma~m05aa ~niln~l~m5i~d~~0i0ni~bi?rnuzb"%4 L~O.IQIA 

a.m'dsznoud?ulrn~L~un~~~bbuuuuu ~d~~ua1~di id~z~uvu 'da~vni~~ub~~~aiu i5na( i l5 : :m"u 
n a e ~ ~ a ~ ~ a s o a u a ~ n ~ i u m " u I a ~ m ~ ~ u " i s J " w a i n i ~ w ' a ~ y  u n : a i u i ~ n l a ' ~ 4 u n i ~ ~ l 3 ~ ~ ~ ~ ~ 1 w ~ n l n "  

~ d a . r a i n ~ ~ ~ ~ a i i . r u a ~ n ~ ~ n a ~ ~ a ~ ~ ~ u u ~ u a ~ ~ a u ~ i a < u n " a u ~ " u ~ : : ~ u ~ i  1,4 l n n 1 d R ~  n ' i l l a u l a l i l u  
3" 4 i i ~ n i u l r i a i u i ~ n u ' o u a a ~ u l n " ~ . r l i I w ' ~ ~ ~ ~ i ~ ~ ~ n ' ~ u ~ I n  uono inusaun i~ ld l~ i l . r~n tdun i~~~u  

n ~ 1 u ~ i i ~ u a a a ~ i ~ i n 2 w " ~ n ' m 1 ~ a l u w ~ ~ ~ r ~ ~ a i ~ i ~ d ~ : : ~ n ~ ~ i a ~ ~ ~ ~ n ~ i u i l ~ ~ 1 J ~ ~ ~ ~ n ~ 5 u 7 " m ~ ~ ~ a ~ u  
8 1 ~ 1 5  (Food Additives) d=is l i l~~6a~ldboai  (emulsifier) ~ a a a l 5 C ( ~ i l f ~ b f l n L w  (qellinf aqent) 

d u l ~ d u a m ~ ? 2 a ~ u i n i b ~ 5 ~ a i i ~ ~ a 4 m o u ~ n n ~ u a  (mannose) uai: 

~ G ~ R R  (glucose) %uaYm51aaud=izuitu 1.6:l uazdwdno4fia (acetyl groups) a+J=iauiru 5-10% 

u o ~ i u u ~ e ~ n n ~ l n - u u ~ 1 ~ ~ ~ u ~ ~ ~ 1 z a i u i ~ 0 ~ ~ m ~ ~ a l n " ~ ~ 0 l ~ 5 " ~ m a i u i 0 u 1 ~ a n i a : ~ d ~ i i ~  (CUMSIO~I 

a a  2552) wdVniini~~,ld~+d5::~ug~k.r ~5ua i s lM '~~ iu<u in rdn  n i s d i l Q f l n ~ ~ a  

diudldr~aa"uC'a r ~ a ; t d u ~ ~ u < u i T  u i ~ ~ b a i o i i n i ~ l ~ a u ' i ~ u i n 1 u a u ~ " m ~ i u a i ~  lu 
d a d  

wim5an~uanlai'dluriuluu u a B ~ u n i  1 n u w u i i n i ~ d ~ ~ ~ n m T ~ ~ ~ a : : ~ p l " i M d ~ a ~ ~ ~ ~ n 1 u a i ~ i i a  ~du 
IUVUUM~*IU I B L ~ U ~ I ~ L ~ U E ~ I U H G V ~  d i ~ d ~ d ~ ~ a ~ u ~ j i l  I ~ U R - J I U ~ ~  d 1 ~ 5 ' u l u ~ u a ~  l f l u n i ~ d a t l  

d?ud7dr<abia ~ i i l : n ~ i u ~ ~ ~ ~ ~ r w " u i ) ~ ~ ~ a  i iaun i i l f lu lu~%( i l  d2ulun1~i4u~is~nauaoulM'n"V 
walu' pl-~iuairn an::ms~n'nroa $ ~ ~ ~ u ~ ~ ~ l ~ r i r u n ' ~ ~ ~ ~ i ~ u l u ~ i ~ ~ a i u i ~ ~ ~ m ~ ~ a : : ~ ~ i u ~ ~ n l u  
d i n  nisl.a"buwanwiar$? ~da.ciaubku~aiuaiu15n~uni5~nindu~~i d ~ u ~ u ~ ~ l d S a ~ d u " d u b ~ u ~ ~ u ~ u  
u a z r n i u ~ 2 n l u d i n  ~ u r ~ a ~ a ' ~ ~ u a i s n m n ~ u ~ u ~ u  ~ d u ~ - ~ i u & ~  aaz1u~n'u~ul~o:~~u" i~un15 
a : a i u & ~  uaz~ia:aiu& (Phillip and Williams, 2000) 
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RL%lWRbV & (Carboxymethylcel lulose;CMC} 

CMC ~ ~ u l a b n ~ n i l a a a u i ~ I i . i n n n ~ s ~ n ~ d ~ ~ ~ a u ~ ~ u a ~ ~ a a ~ l n a  dri iai iayviup'  
~wacbaa (CelLutose derivative) wi r i iubmi CMC d ~ a n ~ u ~ d n ~ ? u a i u ~ a " n ~ ~ f i w i l ~ n n i ~ ~ a n ' u  

,244 Y u a ~ ~ i m i a n ~ ~ n a ~ m ~ u s ;  ~un'i 1,4 ~ m ~ u i ~ ~ w u ~ ~ ~ u ~ ~ n i ~ ~ a n ~ a ~ u u i m ~ a n ~ ~ ~ a  I Iu~aqaagu 

~ u & m i a ~ ~ u u l u n  2 ~ura~nlnan~.roo~Cimia~~uubuam"a~3 iin.imIiln~imnizay (nuaassor, 

2548) n i ~ ~ 5 ~ n o u d ~ i i n e i n ~ ~ ~ ~ u i n i ~ a ~ ~ u d ~ r n a i a ~ ~ w " i 1 ~ n "  CMC ~a iu t l am I.rauu3aaa CMC 

aia%airmasudsiu~d(i;liu~'3<uiia~ lki ~ ~ i u a ~ i ~ a u a a s . r n i s  de~ree of substitution 
r 

(DS) uaa degree of polymerization (DP) uana inuau l j i ~a r  CMC m i a : r ~ m ~ q ~ u a d ~ u u u u ~ n  

sowyn ln  n a i a ~ a i u i 5 n l u m s ~ n ~ i  r t a a n a i u ~ i i n u n s a i ~ a ~ a i u ~ n ~ 7 ~  

degree of substitution \ ~ Y ~ ~ U ? U M ~ ~ B ~ ~ ~ ~ ~ ~ ~ U Y I % J L R ~ ~ " I I ~ ~ ~ ~ O U ~ U ~ R ~ $ ~ R ~  

(anhydroglucose) da i3 r l ?nwu~hum;a i~uan~~~~a  ~ m ~ n i ~ ~ ~ ~ ~ ~ % ~ a ? a ' u a ~ u n u ~ & ~ ~ ( i l ~ n $ ~ ~ a ~  
i- Y m$anmBa 3 m i  ih&n75arii DS ~ i i u  3 nmluui.rd j u 3 d  ~ ~ ~ ' ~ U I M L ~ ~ P I U B ~ ~ ~ O ~ ' ~ ~  DS u'ounii 

3 zs ii os wu?~i?-~ 0.4-1.2 rvilzu CMC ~ M U ~ ~ ~ I M ~ S S U  3%; DS J~SUIN 0.9 ~ I I G  CMC 
" ?J 

azaiu~n"~iq~u~i?au~bazGibdu CMC d i  DS 0.3 ~ ? a ~ i n ~ i a s a a a i u l b n " ( u ~ i ~ b ~ d ~ ~ n a a i u ~ i  uaa 

vaduasa iu~uZi~ i la i i  DS $upi  o.45 &Id diviunaiunirnro~aiaa::aiuor:duo~n"u DP iiiil 
DP q d  ~ s i i ~ ~ ~ a i ~ a : a i u i i ~ a i u w i i n L i u d u  ~ ~ i u ~ Q m u n q n i ~ n : a i u  CMC t i ~ ~ i u u ~ d u a i ~ u  

aGmv8s CMC biu aisaaaiu CMC f i ? i u b ~ u ~ u % u a ~  2 a i i i l i i ~ a i u ~ i ~ f i ~ ~ R a ~ i  10-50000 cP r? 
4.- Y In' aaaaisasaiu CMC iitYnw~::nriiu ylnwainln CMC u n u u i ~ ~ i l l ~ ~ a ~ a d ~ i ~ a ~ K a i ~ a : : a i u ~  

d d  : 
l in~ i rmdn&ua~i imiun~iu 'Z Ibn~aia~n~auni ia isaaaiu  CMC ~uu in l i n lu~a?ar jq  lmu6ald7 

'bdai~azaiu cMC a a i i n a i u n . ~ ~ ~ v j ~ a a o d . a ~ n i i ~  4-10 ~ s i o a l ~ m a i u ~ ~ m g ~ q m ~ ~ a z ~ m a i u m ~ m ' a ~  
d?ndg~a.a 7-9 na~lnriimuo.rmsaaa7u CMC e : a ( i l a ~ ~ d n ~ ~ o a a n n . r u ~ : : ~ ~ ~ ~ 1 - 3 ~ ~ u d u  h d m a d i  

n i7 3 a iaGi I i i  CMC dai~u2dnrm~n3:iiinnsnau ~ ~ a a i i i d ~ s a ~ a n i i  10 oa i i ICa iaamiu i i  

naiuM~mana~b6n~au ( G k i ,  2545) 

n i s ' u a n B a ~ u M ' a ~ ~ a g b a a ~ n ' ~ i 3 i n n i ~ w " i d ~ n " i u i ~ ~ ~ i i ~ ~ ~ a ~ l a ~ ~ u n ~ n ~ a a l ~ ~ ~ a ~ m ' n l u  
~una'~~aa~laadIn"3ds:~~~u~er~5u~~~~~~a~a~um~~i41uis~a"uaiuI~u~il.a"~9uai~l~"maiuu"u 
rnin (thickener) ~ ~ a : l C a i u n . r ~ ~ i ~ i Z J a $ u  (emulsion stabilizer) u a n ~ i n ~ ~ ~ ~ a u ~ a u ~ u n i ~  

~ i u l m u a ~ w ~ i n ~ i ~ r ~ . r ~ d a ~ ~ i n ~ ~ % ' u a n ~ a ~ u ~ a 1 ~ a g 1 a ~ 1 ' b d 4 ~ n " ~ ~ ~ ~ ~ a : d ~ ) ~ n " u n ~ ~ ~ a u ~ ~ n " ~ ~ ~ u w a ' n  
~ ~ u u " ~ u u i n l ~ ~ n 1 5 b ~ u ~ 7 ~ u a n 5 a ~ ~ ~ ~ a ~ ~ a ~ l a n a ~ ~ u l m ~ ~ d ~ ~ a n ~ ! ~  (frozen dough) daudiud?a 

d?uiw~easyuutl.r (loaf volume) s ~ n ~ s l d z ~ a n i u u a n ~ ~ a s n i u l u ' u ~ ~ u u u ~ ~ ~ a u ~ ~ ~ a i u ~ ~ ~ ~ ' u a s  
suds (firmness) d1~Xq$L:aqoinaudnisL5un"udrauJi (hydrophilic gum) vn~ni?uan$a 

~ u ~ a ~ ~ a ~ ~ a a i i ~ ~ i u i ~ ~ < u ~ ~ ~ ~ m " ~ ~ n ~ ~ a z ' b n " ~ a ' ~ i l n " ~ ~ n i u ~ a " ~ n i ~ i ) u ~ i ~ ~ a ~ u d u ~ ~ e r a ~ m i ~ u i ~ a  
3 n i ~ ~ u ~ ~ r n i ~ 4 ~ b ~ ~ ~ n s ~ n . a " u u o r a m ~ ~ a ~ ~ a ~ n i a ~ ~ ~ u u o ~ u u u u i l ~ ~ a n ~ ~ n u n i a ~ ~ u ~ u ~ i ~ 9 m i i ~ ~ n ~ a  

~ u ~ a ~ 0 a $ ~ a n d a u d i u d ~ ~ ~ n a ~ i ~ u u ~ ~ ~ m ~ b i b i j a n u ! ~ ~ n u n i 5 ~ ~ n " u ~ 7 w " ~ ~ ~ i 5 f l b i j ~ n ~ ~ ~ s 1 ~ ~ a : a m n i 5  
n n w a ' n u o ~ $ i ~ t ~ s s a u ~ ~ n i s i i i n w ~ n ~ M ~ u a n ~ i n d ~ " ~ i a u a n a a ~ u ~ ~ u v i ~ ~ ~ n ~ n i ~ ~ u ~ ~ ~ i n ~ ~ a n ~ ~ B s  

(freeze-thaw damage) ii1Cwudonisicil (extension) (nuaasm, 2548) 

CMC ~Gbiuajlulafiniutsiautuii  annirL"da~asos$7 v i i ~ o f i n i u i ~ n v a : ~ i a ~ u  

rma~do1afin?ua.~aho:~Ln'mwa'nCibb$qvu7n1wi ~ ~ a a s u j t ~ ~ ~ ~ u a s ~ u n ~ ~ ~ a ~ ~ a ~ ~ n i ~ i ~ ~ ~ ~ s i a ~ i u  



W d d  d i  ~ n u i i ~ u i n ~ r l u  bulking aqent uanaind cMc d ~ a i u i ~ n Q i m d ~ ~ ~ u ~ a ' u l a ~ ~ a s ~ ~ ~ i u  
uQgux TwuI i i iwan~snuoinJ i~u : m : M i a s ~ i u l u n i i  (iisui, 2545) 

nuaa5sL-u (2548) ~ n w i w a v a ~ n i ~ ~ G u a m i i ~ n " w ~ ~ t l ~ u a s ~ ~ I m ~ ~ 1 0 a a a u ~ ~ ~ ] ~ ~ n i ~ ' 1 1 a ~  
d o w  n'aurduauddandd ~ ~ r u u i i n i u ~ ~ i . n i ~ ~ u ~ t l n a u ~ ~ u a u s i ~ " u a n ~ v ~ u a n ~ ~ : ~ u u i n ~ u  naiurwiiu? 

ua:na iu~w~~uanadM"i~~~a"p1"ui l i i~ iu  ~d~uidt~uami~an'obbd55'~ua::  4 uas 8 u a s b h r i  

naaaou6 a~auuwun"bls"oua: 0.02 bbaz 0.04 n"uni<uon9aulr?ia~wi$aa %was 0.05 uaz 

0.10 w a ~ ~ n n ~ ~ 4 n m a o s a ~ d ~ ~ i ~ n ~ ~ ~ i u a ~ ~ 5 ' ~ m " m ~ ~ d ~ ~ ~ a : ~ ~ m w ~ n a a a a ~ ~ 6 d ~ u d 3 u d ~ ~ p ? ~ n ~ w ' ~ ~  
~ a u ~ ~ u a r ~ u ~ u n i u d t 8 a n u G ~ ~ $ n ~ o u  inum<uan8abu~abaa~~aad2uamnl~Rnua"n~~~9]ad9]a4 

~ i ~ ~ l ~ i i a u a u  ~ ~ : d ~ ~ ~ u ~ ~ w u n ~ ~ d a ~ a ~ n i ~ ~ u m " a ~ ~ ~ a s l ~ ~ a ~ ~ ' i ~ ~ " i m a i u ~ u ~ a u a ~  
d a u n ~ i ~ a n ' ~ i u d s ~ u ~ ~ ' b % ~ ~ ~ ~ n ~ - ~ n ~ ~ n d a u u ' n u ~ i ~ n i ~ ~ a u n ~ u ~ ~ ~ a i ~ ~ d a ~ i ~ ' a w ' ~ ~ ~ ' ~ ~ ~ n i ~ ~  
8u aa-n~~udonisf;u~du.d~"uon~~~quin$u 

Jarnsuwan and Thongngarn (2011) ~ n n n i s b f l u  n"?% UI~ULLMU?~ ha% CMC d 
~-nurbubuiaua:: 0.5 ua:: 1.0 Inu<iwG'n riiuadd?.uriaur~ua u ~ d n v i a u u 3 d i ; r ~  Ra &-inwu:: 

3 ~h ~ua8'uG'a q ~ n i w ~ h  ~aa i lun isJ iqn  i a u a a u a w 8 ~ u a s ~ a u a ~ n i ~ B q ~ ~ ~ ~ i ~ ~ n ~ : ~ i i ~ i i q n  
w a n i s ~ n w i ~ u i ~ i o u a ~ ~ ~ ( i i l ~ d i ~ ~ ~ u ~ ~ ~ ~ i u n " a i n ' u ~ ~ a : ~ ~ ~ u ~ ~ ~ u n " u i a u a : :  1.0 dau C M ~  $4 2 

ssn'uRaiu~~~$ua~uaI~"~ouaYuaw;(il~d<u 1 n s ; r a k d . u o ~ ~ ~ u ~ a u a m d u a r ( u ~ i ~ ' " , o ~ u ~ ~ a ~ ~ a ~ a ; r ~ 8 ~  
0 8  ? d  % uazwuii~~ii~iuniIfl"us"auas 1.0 d i~rs~~dau~;m'~nua:~~sdb6p1$d~~rn osunihnqna'nwuz~uo 

~ u ~ a ~ ~ m n o i i ~ n " u r ~ ~ o i n ~ a i u ~ ~ m n o i i ~ ' ~ ] i ) ~ b ~ ~ ~ a 5 " i ~ ~ ~ a ~ ~ u l a ~ m s n a a a a u m '  uazn i3~ iu  CMC dssm'u 
naiu~buGu~undi~n"u~iililnis~d~uua~da~sd"auuin d ~ i i l ~ ~ ~ a ~ u w " a ~ b a s ~ m s ~ a i i ~ b w i a u n " u ~ ~ ~  
wauqu 

Techawipharat et a(. (2008) ~~~nwiwauoslber~nsnoaaaoun'p~~m~idq 1n"bbn' CMC, MC, 

HPMc, k-carrageenan, i-carrageenan ua- h-carrayenan d i i w a s i a n ~ s f i ~ ~ ~ a u a ~ ~ d q u " i a ~ . ~ ' ~  
ua:iia~aiiua wuii n i s t ~ u l a l w ~ n a a a o u n ' w ' i ~ ~ 4 ~ m a i u ~ d n ~ $ u ~ ~ d ~ ~  peak viscosity uas final 

viscosity >au& pasting temperature p f Y u l n h u  u a n o i n ~ n i r ~ l u l a i n s ~ a a a o u ~ 7 u u ~ ~ ~ i ~  
GI iil~ni5wodhua::nisa:a1ub~u<u iwu CMC ~ z d i l M ' n i - r w o ~ n i 7 ~ a s n i s a ~ a i u u i n ~ ~ ~  d2u 

UIY~&~LIIJU-J w u i i n i s ~ i i u  CMC ~ s + ~ l f l n i s w a ~ ~ a u i n d ~ m  ua:Idn5maaaau4ia~waiani5 
a:aiulu~~&~ia~Miiu? d i ~ i u i i n w r u z ~ $ o 5 u ~  w u i i n i s ~ R u a y ~ u ~ r p l a ~ I a ~ ~ u ~ ~ d ~ u " i a ~ ~ i ~ ~ a ~ u " i a  
b ~ i u a ~ i a s e r a o i o ~ n 9 J N s b ~ a a " u ~ a v a d L ~ a ~ ~ d ~ 4 1 u ~ a d A a i ~ L L ~ d  (hardness) ~~aa~aiu~wbua5nf i 'u  

(adhesiveness) l u w i ~ m r ~ ~ i u n i s d u  k- uas i-carrageenan l u ~ ~ i l ~ h a ~ k w u i i d a u b ~ u w a i u ~ ~ ~ ~  
bbauwaiub~duan'nn"u91ad~oabb~d 

Huang et al. (2007) ~~~nwierauod~a~nsnaaaau6a~mmidq l6bbf - i  qel\an sum, konjac 
d 

qlucomannan tbas k-carrageenan d~wa~ianir~~nroaua~~bf ldu' i2  3 aquwirj w u i ~  weJu 
qellan gum bba: k-carrageenan lui,~d;l61~7aaiu~u6~uini (indica) -~I~~GAI (japonica) uas 
uhfiabMi<u? vuainaiu~~"59~5d (hardness) n a i u ~ w G u a ~ m ~ u  (adhesiveness) b b a ~ ~ ~ a i u ~ m ~ ~ $  

& 
(springiness) I&.J%.J aaun ix iu  konjac qlucomannan ozlia~wadarinv~~ruairuw'ava~b~il~ 

Y 

fiaM"9 3 aiu+k$ 



Muadklay kaa Charoenrein (2008) lb6~nwiwav84lb8~ms~oaaau6 lb6~f; xanthan 

gumt locust bean gum, guar gum kaz konjac-qlucomannan doni?finnls?ium"a 

(retrogradation) VasLm bb~~ahd idswf i  WU~ I  ni4~ia.1 xanthan gum 0.25 bbaZ 0.5% dauam 
"2 

n14qqb4~1.h (syneresis) \;uinn--h locust bean gum uas konjac-glucomannan d-iu fuar 

gum lGiiwaisnis~u~~msiiu~au04~~a~bst]~diudid::wa"~ 4imSums8nwiL~idaua~ni5~1d~1!~ 

(0.06, 0.9 La:: 2.3OG'min) wuii d~m'a: inisbbib~64b~~e)s?ml~aW$ 2.3'~rnin dau~eri4nishm"a 
u s . r ~ ~ a u f l . r r i u d ~ ~ : : ~ ~ d ~ ~ u ~ n i ~ i ~ a a i ~ ~ d ~ ~ ~ ~ u u u ~ ~ ~ ~ a z ~ ~ u ~  ~ . r i u n m ~ - d ~ d ~ r n ~ i w ~ u n i ~  

u~u~~ni5~uhuaqrea~b~qaJ"udid::~a"q~a n i i l i u  xanthan qum 0.5% ~ ~ a z ~ n s i n i i ~ ~ i ~ . & d  

2.3O~/rnin 

Lee e t  al. (2002) \%nw~wauod~erbm.inoaaoum' 9 qcrn ;a sodium alpinate, 

carboxymethyl cellulose, curdlan, gellan gum, guar gum, gum Arabic, k-carrageenan, 

locust bean gurn La:: xanthan gum s i ~ f l a i u ~ ~ h ~ a ~ ~ o a ~ ~ i l ~ 5 u d ~ ~ 5 : : u i i ~ n 1 ~ ~ ~ d u i ~ ~ ~ a ~ v a a u  
asaiu w u i i  m.i~Wu alginate, guar gum uar xanthan gum o : d a u i l a ~ u u n 1 ~ ~ ~ ~ 8 u ~ i  
(syneresis) u o q ~ i l a u ~ . r z k d k I ~ ~ M " ~ m  IRV guar gurn ~fi?iu~bubu 0.6% a i r r i~nda~ i iUn i5  

d g O d ~ i l u ~ i ~ i l d . r ~ ~ ~ v a ~ ~ ~ a ~ ~ . i l ~ ~ u d d ~ M d ' b G ~ n i s ~ ~ u ' b a b m 5 ~ a a a a u m '  Lba: xanthan gum MPI~IU 

iGuGu 0.3% a i ~ i s ~ ~ a ~ ~ ~ r n s ~ ~ ~ ~ u d i ~ n " u i n n i i  quar purn a?um~~u~4ms~iinn75~u~3wa~ 
kg4 (retrogradation) nuji rnsbiu alginate ~ ~ ~ a n i s ~ u t f ~ ' b ~ ; n i i  xanthan pum uaa quar 

gum 
Sandhu et a(. (2010) m " ~ n w 7 ? m n 7 w v ~ ~ ~ ~ u ~ ~ ~ u ~ : : n ~ u n 7 w  ~ 7 7 ~ 1 4 %  U S \ % ~ ~ W N Z  

~ ~ a 8 u ~ a . c l o ~ ~ ~ u n ' a ~ ~ ~ u a d ~ " i i l i n u s t l ~ 5 u d ~ ~ ~ ~ a z ~ 1 . i l ~ u " i ~ ~ ~ 1  w e r i i  tlfuiaaz'buIaa n-maqm"? 

~ ~ a s n i s a i a i u u e ~ ~ ~ ~ ~ ~ u ~ 3 ~ ~ ~ n i i ~ ~ ~ ~ ~ i a ~ < i  Z ~ M ~ U R ~ I U H ~ ~ C I  (pasting properties) WU~I 41 
cla~u~drncyqm (peak viscosity) R~IUM~P~~~GIU (final viscosity) bb~ani%~umu?ua~~~& 

V d I  

(setback) v a ~ ~ ~ ~ ~ s ~ ~ ~ d % ' ~ a . I ~ i u i n n ~ i b b d ~ u " i a ~ ~ i  s ? u ~ ~ < n r ~ s u z ~ ~ a ~ u w ' a p l a ~ ~ a " u n ' a u ~ ~ u a ~ ~ ' i ~ i n  
A d 4  

b ~ d ~ ~ v t d d s d u ~ ~ f l a i u ~ ~ ~ ~  (hardness) nis~m~nist-k (cohesiveness) k a s f l ? i ~ ~ w ~ u a  (chewiness) 

r~~n i i~~qY~JJha~< i  u a n ~ i n h n i r w n a ~ u n i r u 0 r ~ ~ u 9 1 n ~ ~ u 3 n ~  nuii (u'uAn~IGniruau?u~8u 

h u ~ ~ u ~ d ~ i i l ~ i n a ~ ~ G u d ~ ~ u i n n i i ~ ~ d ~ u " i a ~ ~ i  d i l n i s g ~ r i l u & ~ l i n ~ n i ~ i ; ; u 4 n ~ i n n i i ~ 8 u  

n'au~~uadw"icin~rd4u"ia~~i ~ ~ o w ' i n i s e r ~ m ~ ~ u n ' 7 u ~ ~ u ~ ~ 1 n ~ ~ s t 1 ~ ~ . l ~ u s z ~ i 1 ~ ~ ~ f l ~ ~ u ~ P ~ ~ ~ a : : ~ a ~ ~ ~ 1 ~  
u da4 Y Y w da 

~~iwamsiaiau 1:1 wuii qMn1w"cidLRumvu Imu~iI~ams::u~raaini~m'u~8uPM'~na~ iiuu"nr8u 
majni,gqndr.liu G u d ~ ~ n - n r i l a u a z l u  sau$~~~duduou~uuoq<u?Inm 



(1, IaiZn2uGu 

(2) in2iu$uI.ai~iuiosa:: 10 sadiiwljnlunsriidnam~auGi~u ~ir l : :W~Eui~uas 13 

. u a ~ ~ i w l j n l u n ~ i d ~ " ~ b m u n ~ ~ ~ ? ~ $ ~  

(31 ijaisbd~iu1iid"ound~ioua~ 5 a a ~ J i v ~ n  iivls"ufiauiiu2 n m k  U ~ Z L ~ M ~  nr ls I i  

Cauniiia~ia: 8.5 " u a d i w ~ n  i i~%uzw:  

(4) Lirj~luniu'~viiIGiiiwIsn 
(5) I ~ i ~ ~ ~ ~ ~ ~ ~ v ~ ~ n ~ ~ ~ ' ~ ~ ~ u " l u ~ ~ u ~ ~ ~ a ~ ' i l ~ ~ u ~ u w ~ ~ u o ~ ; a ~ ~ n ~ w  
(6) ~LLU~!L%J~<FI z.'ln'ba (Escherichia coli) Cauna'i 3 ' L u a i ~ i 4  1 n?u 'lmu?; bsu I? 

b6u (Most Probable Number) 

(7) i i ru~Gf iu Ia i~ i iu  10,000 1uoiwi5 1 nyu i i w 5 u u w d  uaz t~ .~ i i u  30,000 1 ~ ~ 1 ~ 7 x 1  
n i u  diw?un'~udu2 mu$u ri;und ~ i a z F ~ n ' u  

(8) ~ b & l 3 l ~ b ? h . J  100 l ~ 0 1 ~ 9 1 5  1 n ? ~  

(9 )  d i ~ ~ ~ 1 ~ ~ ~ a ~ ~ ~ ~ k ~ ~ % 1 i ~ 5 " a u ~ ~ a i ~ ~ ~ ~ ~ - ~ i b ~ ~ ~ d ~ " u ~ a a ~ ~ f u ~ i ~ ~ ~ ~ u i ~ ~ ~ i u  
cr r d  e 4 r d  d 

miu~n'imu~1I.5' idu Iriu'n6uii~lriii~lum~u~~1lr;ibfimla~ lu ' r ia isAw~ing~u~au~~duo 'um~iu~a  
<i;lniu~Sut% 

u3euqn' LLR~RN:: (2535) ~ i n n i ~ n n a a ~ ~ i u ~ u ~ u a u a a ~ ~ ~ ~ u ~ ~ d i ~ ~ ~ ~ d ~ ~ " i ~ i n ~ a ~ ~  
< i a ~ ~ i ~ ' 1 ~ i ~ 0 a i ~ ~ u ~ ~ ~ u ~ u i ~ ~ ~ " i i a i ~ ~ ~ ~ a z ~ i ~ u ~ ~ ~ i ~ a u  15:85:140 1nu1~i7jani=iiii~p;i4 2 LPJU~+~ 

i ~ u u ~ ~ n i S u n i 5 ~ u ~ w " ~ l u ~ a u ~ ~ u ~ 0 i m ~ ~ a z ~ ~ u u d a a ~ n i 5 l ~ " b ~ ~ u ~ ~ ~ ~ ~ a r : i i ~ ~ d a n " a ~ ~ ~ ~ u ~ M " ~ I ~ ~ a u  
uuuoim w a n i . j ~ n ~ i w u i i " ~ u ~ ~ u i a u a G ~ i ~ u u ~ ~ ~ n ~ ~ u ~ a u U ' i ~ ~ ~ d ~  ~ U V N ~ : ~ L U ~ ~ ~ ~ J L ~ U P I U U ~ ~  

d 
s ~ i a u ~ i ~ ~ d s ~ ~ a a u a " n w . ~ ~ ~ ' ~ ~ a ~ ~ ~ u v u u ~ u w u i u u u ~ s n ~ a a n ~ ~ ~ a ~ u a ~ ~ ~ ~ ~ z ~ ~ u u ~ a a ~ ~ ~ a n v i a  
i u  lun~%~u~dwo~uuu~uaur~A~wuiiuuu~uuuuu%nliirmiluni~Wujd 10 ui! U A ~ L  

d 
u uUWaQS 

1 6 8 1  7 u i 4  imznis5fidu$ina"v~uqNuii~Luu~L~nriniT~mduJ~na'u5'ou~s 91.47 id4liounii 

auundas4$%1 107.02 ~ ~ ~ ~ . i ~ ~ ~ ~ u d ~ ~ ~ d i ~ ~ a ~ ~ a a ~ ~ i ~ m a ~ u n i ~ u a u ~ ~ ~ ~ ~ ~ u ~ ~ ~ f l  $l'armuii 

u u u f i u ~ ~ a ~ . r u u u ~ ~ u ' n ~ i g l ~ ~ ~ ~ n ~ i i ~ n " u w i ~ ~ ~ ~ ~ ~ i ~ ~ u " u ~ i m " ~ ~ a z ~ ~ a m ~ m a i u ~ ~ u d i ~ ~ ~ a u ~ d n ~ i l u  
1ua'naol:i~a~u~~lu"~~~~~~r~iilu~n'urinwolrd~in~ 11 unznGu-ra 

a w c ;  
nuaRwu' u i i - . i u i $~  (2544) ~ n ~ i a n i ~ s ~ ~ w u i : a u ~ u n i ~ w ' i u : : ~ u ~ ~ w ~ n ~ d ~ ~ ~ ~ ~ d w a ~  

rAmImu"l~id~a1a"a~und~za~6wau~~~)w~ 4 vijm ~ u ~ i d 3 u i ~ i ~ ~ 1 ~ ~ d ~ ~ u i : f l u ~ ~ d i m ~ i ~ ~ ~ ~ ~ ~ ~ ~  
sadln (dough strength) pqmuad idm~t iazah l a  ' l<i~mvp~<aua; 30 b~nvl i r%uar 15 

16plu1~4iiaua-. 20 w'sai lnu i~ru iauaz 20 l n d ~ m d d d i  dough strenqth 80.48, 93.45, 

131.26 Liaz 133.17 n i u  pliuriinii i i n ' ~ u l ~ ~ ~ b i ' s m m " ( i l ~ ~ u ~ i l " u a a : : ~ \ t ~ ~ ~ ' ~ ~ ~ ~ ~ i ~ ~ a n ~ ~ u i ~ a i  
6147 w u i i ~ a a i ~ ~ . ~ i i r ~ d n " 4 $ d ~ w  (tensile strength) VOPL$UUIII:~~ 10 UI; ~ i n ~ ? u  UIUI 

d v . :  
a u u ~ h p ~ ~ 0  60 a . i~ l ib~aduaou~~n~ iudu~( i l ~" iud~su i~?aua  12 ~ S u u s ~ u u ~ t n a d i r 4 ~ 3 i l  

w a u ~ i n  u ~ ~ d ~ n ~ o r i i j l & a a i ~ u ~ d ' b ~ i i i u  5 u i 4  i im.jr?m~i<ouaz 152.71-161.34 Oms 
qQidu~ i~~n inhua: :  0.65-0.89 U ' i i~ r . rR4qdqm~aj~u1d 10.57-13.97 nTu Luwuid iusaA4ip  

a n ~ k l u j d r i u u a l ~ u ~ u w " u ~ n " ~ d i n a i u ~ ~ $ ~ ~ ~ ~ ~ w ~ ~ l m  Y ~ I ~ ~ ~ ~ J ~ ~ ~ ~ M ~ ~ ~ ~ I I ] L V I ~ U ~ ~ ~ J U ~ U ~ L ~ ~ ' J  

~ d d i ~ ~ i l ~ d ~ ~ ~ u ~ d u ' ~ i a ~ a ~ n ~ i n ' a u o u ~ ~ ~ ~  u ~ ~ ~ i L ~ ~ ~ 4 i l i ~ ~ Z ~ ~ ~ u L ~ ~ i a b ~ ~ B 4 ~ ~ 2 i 4 a b w ~ a ~  
u n u ~ i n i a ~ s u  nisd~z~Guniad.i~aiwi(u~i4n"iu~ descriptive uo.rul;~dL&n'4dlrio~r~uau 



~lnnk~u~dllm'wadaarnna"a4n"u~ii~ L* LLn: h* uanda~;.r 6 . r 8 1 r i o ~ d ~ a u ~ i i f i ~ n i t l 5 a ~ l f i ~ ~  
a 

~a6'uCguS~diunai~ LZ~UOR~IU~ULMJU~ ~aalti jUni. iu~~?uI~RUa ndum ruoJuu'dlnums 
d v 4  nraouuuu hedonic lussdiu~audiunai~~\~ ' t l~~uin b u u a ~ u v ~ ~ n ~ d i ~ ~ i l ~ d w a u ~ f t n y ~ ~ 5 ' a u  

as 30 LmsL6nuinuiouaa 20 ~ ~ i u r n s u o u i r ~ l u ~ i u ~ u ~ ~ m " u ~ ~ u % ] l n i i ~ ' ~ ~ o u u i n ~ ~ m  



1 
~~u:i~~esidauCi 1 u ~ : u a a ~ ~ i l - a ~ 6 ~ r i 1 r i u n " a ~ ~ n ~ ~ ~ u a w ~ ~ ~ ~  uiu 5 u ~ l  

1 
~ ~ L L ~ ~ ~ u ~ ~ L ~ I ~ L I < ~ % I ~ < ~ G ~ u I D ~ ~ L G D R  91716 15 167; 

1 
~ i i u r r B s G ' u v  ltrbm~moaaaun' ~iauJiaia-th2 uam'bAthn'u uiu 15 u-d 

il1n~~1wflnriru~'~iunau~u~n"ui?~~5i::g~'~nani~n'~~ 

1.1 9 iul~;?uin$askii (Chroma meter) dh Hunter Lab ju Color Flex 45/0 I&L~U 

Gu~~aa~5uqn 

1.2 tYnaru~~abw'a ( ~ ~ I u I M ~ u ? )  T ~ ~ J U L R % I ~  Texture andyzer ju LLOYD model 

LRSK series &I$u~uuaaLiiu?n 

1.3 :6uniwnis&uqn Cooking quality mYn~rdasilin?"sisva~ AACC (1976) 

1.3.1 wat.l~nnls&uqn (% Cooking yield) 
Y 

1.3.2 ?ouau"iladmqn?u$ (45 Water Absorption) 

1.3.3 n~s$qr~us%w~idn~syspl"u (% Cookiny loss) 

1.4 ~nani~~1d~iuds:ai~~u~ab61uni~~rna0u~u 6au"a"s~~aaw~aiuslser (Hedonic 

scale) R'iu~naruzdsing 8 nlu rnri; ~ L e r ~ u b  unan?~uaaul~u.i?u Ifim'na~~uuIuuas 1 - 9 

Inunzuwu 9 ~lnun'-~ asuuindqw L ~ Z  1 ~uiuiiq~riaauuind~m i n u l ~ ~ ~ a a a u 8 u d i u ~ u  40 nu 



neaaasn'6I; ln'l~ri ?i'3ir% (guar qurn), iYa%urn (alqinate), m iuon8a~un5a~~a~ laa  (CMC), n i i  
slai4.u~ (carrageenan), usuuwuk (xanthan gum) Un% f l s u k  ~ A ~ ~ ~ U U U L L U U  (Konjac 

Glucornannan) Bn3 iu tbGuu i i~~  {u R"a 0.25, 0.5, 0.75 LLaa 1.0% (w/w w o s ~ i n h u ~ d )  ua:: 
i i n i ~ w 8 m ~ i u n ~ s ~ v k ~ s l i w ~  1 i l i n ~ u ~ i w f i n r i r u ~ ~ i u n a u ~ ~ ~ k ~ u i ~ ~ ~ ~ ~ ~ ~ ' ~ ~ n ~ w ~ ~ i  

2.1 3 in&2i?uifliedinii (Cl~rorna meter) &%I Hunter Lab IU Color Flex 45/0 $ d ~ ~ u  

Gieruaz~a"flqn 

2.2 ~ n l r r u % ~ { a b b  ( P ~ ? ~ u \ M ~ u ? )  A ~ U L R : ~  Texture analyzer $U LLOYD model  
Y 

LRSK series f l d l~u~uuazb ikv  

2.3 ?~dllWni5Lkqn Cooking quality knbldasoin?-jni5m AACC (1976) 

2.3.1 eraw~nnishqn (c/o Cooking yield) 
Y 

2.3.2 ?ounaslsdni=j:m!upr'7 (% Water Absorption) 

2.3.3 n i s ~ ~ r ~ u s ~ w d i a n i ~ y ~ m ' u  (96 Cookins loss) 

2.4 ~ ~ n ~ w w ~ ~ ~ i u d s ~ a ? w ~ u d a ~ r j \ u n ~ 5 ~ ~ a ~ u ~ u  6au'i~nnaou~a7u~au (Hedonic 

scale) 6iuiinacuad3ing 4 n i u  sirai i  ~ i k ~ t T a  ~ ~ a a ~ 2 i u a a u l ~ u r 2 u  ibsuuu ludw 1 - 9 

Inunzuuu 9 ~u iu5 .1  ~ a u u i n d ~ ~  LLaz 1 M ~ J I U ~ ~ ~ O U U I ~ ~ ~ R  ~ f l t l ~ ~ ~ ~ m ~ O u ~ a J ~ i u 2 u  40 nu 

N 

3. ~ n a i n s z u ~ u n i s w ~ ~ l i i 4 " u n a u 4 ~ ~ ~ ~ ~ a ~ ~ a " i ~ f  ~1;d 

oinni5wmaad 2 ~ i i l w ' w ~ i ~ ~ ~ ~ a ~ n ~ a a d ~ u i a l s ~ ~ ~ ~ n a a a u ~ ~ ~ w ~ i s a u 2 u n i ~  
d iud lq~ iw~m~un20~erqua  a i n ~ l i - 1 r 5 u n ~ u ~ u ' u n ? n " ~ i n " 1 1 ~ u ~ i ~ ~ 0 n ~ ~ u s ~ u : ~ ~ a i a o ~ ~ n ' i  e 

slo~s-uanainisiign luiYmsia2u& : ~ilun2uju iin 10 : 1 b u ~ i ~ l i n  ~ ~ s ~ s u n a i d n ' i w u m ~ i  

~a"udln'a~u~1u$i~~u~$ua2ai 5 ~ 7 ;  ~ ~ u ~ f i a a a ~ m ~ i f i e ~ d o ~ ~ i u i ~ ~ u ~ ~ a ~ i ( i l  J I L ~ U ~ ~ L L ~ L L ? ~  
L ~ U ~ J U Z L ? ~ ~  16-18 8 2 h d  ~ l ~ ~ ~ ~ l i ~ ~ l l l ~ d ~ ~ ~ ~ ~ ~ ~ ~ w " E ) d ~ ~ ~ ~ 2 a l  1 b j l ~ d  & ~ ~ d L ~ l J ~ ~ 0 1 6 1  

dadi ldauu~~aia ld  Inuqa~~ijd?<:a 50, 60, 70 utla 80 adniraadua r~u~susna i l un i rou  
3, 2.5, 1.5 aaa I %JIUJ nudiiYv i A a ? ~ ~ ~ ~ i ~ ~ ~ i u ~ u ~ ~ ~ " i u ' ~ ~ ~ w ~ m n " ~ ~ ~ ' ~ ~ " ~ ~ ~ i i w a " i ] u n s  13 miu 

V d  4 
u ~ ~ ~ ~ i u a i ~ i ~ ~ . r ~ i ~ ~ i l ~ e ~  (n=i:ns2~aiaix-uqu, 2543) r 7 4 $ ~ 2 ~ n l 5 ~ $ ~  ~ n i n n j  2 & ~ w ~ u u n  

? ~ ~ ~ ~ ; i a . r n ' a u ~ i ~ d ?  L R ~ I Y G ~ N ~ I W ~ " ~ ~  

3.1 d % ~ i ~ ~ m u $ u  (moisture content) m i a I ? ~ w d  AOAC (1995) 

3.2 3 ~ 6 ~ u ~ n i s d ~ d  (Chroma meter) &%I Hunter Lab iu  Color Flex 45/0 

3.3 g n a r u s ~ ~ o & h  (A?IIILM~U?) ?flbi2u~~$ad Texture analyzer $u LLOYD model  

LRSK series 

3.4 qnrniwni56uqn Cookins quality Cm~~da.roin~"si5slo~ AACC (1976) 

3.4.4.1 ssuzl?aiq~uniaiuqn (Cookins time) 

3.4.4.2 wacli?nni5nv%l;n (Oh Cooking yield) 
Y 

3.4.4.3 ?ouaauoani5~mquii (YO Water Absorption) 

3.4.4.4 n i s ~ ~ ~ ~ u s a w ~ i ~ n i a y s m " ~  (%Cooking loss) 



3.5 ~aniwwi~~iudsza1~8uw"a~~un15~maau%%] ~au~"snaaunaiu9au (Hedonic 

scale) hu5nnwoazd~ing B n8u mmi L ~ ~ L L  ~mzn2iuaouImu~au I G n s ~ ~ u u l u d a ~  1 - 9 

Inan-uuu 9 MUIU~~J vauuindqm ~ a z  1 IIUIU~JI~~OUUI~ I n u I + ~ ~ n n a u ~ ~ ~ i u ~ u  40 RU 

D 

n i w d  2 n ~ : u - r u n i s w ~ n r ~ u n - r u ~ ~ ~ u a ~ ~ d i ~ ~ ~ ~ d  

4. n i s ~ n a i n i ~ ~ u ~ u a . r ~ a " u n a u ~ u ~ u a ~ ~ a " i ~ ~ ~ ~ d  
sinnisvlnaa~d 3 i ~ ~ ~ w s i u i i ~ ~ r u ~ ~ i i ~ ~ a z ~ ~ u ~ ~ a a i d ~ ~ u i s a ~ I u n i s a u ~ ~  

O K W  

n2u$ugua s i n ~ u ~ i a ~ u n 2 u ~ u u ~ ~ " ~ ~ ~ u i w " i n i ~ ~ ~ n " a  2 ?'$ R'n uauisou=isusLam 4, 6 uns 8 

ui% ~ ~ a i l - I u l ~ s ~ a v l ~ a u r ~ n " u ~ i ~ . 1 1 d ~ ~ ~ ~ ~ 1  (800 ?'mi) dril-us~aai 5, 7 ua:: 9 uii? lu8miau~i?u 

via& ?'a 15 n?uL:uia<i 250 ia8Bms u 6 ~ l j i ~ n ~ ~ d ~ i i ~ n i ~ ~ u m ' ~ ~ ~  2 ? 8 u i i l n ~ i ~ ~ n i w k d  
4.1 $ninNmzLia~u~a ( R ~ . I L V ~ U ? )  ~ ~ J L R $ D (  Texture analyzer <u LLOYD model 

LRSK series 



4.2 q~niwni3iuqn Cookin? quality ~mbbdaa81n?"si3uaa AACC (1976) 

4.2.1 3~uu~aailuni~6uqn (Cooking time) 

4.2.2 flce~~nnis6u?n (% Cookin9 yield) 
Y 

4.2.3 ?ouauva~n i~~m~uJ i  (% Water Absorption) 

4.2.4 n i ~ $ ~ ~ 8 u s a w i i . ] n i ~ ~ d ~ u  (Om Cooking loss) 

4.3 ~ m n i w w i d ~ i u d ~ u n ~ ~ a " u ~ a ~ m ~ n ~ s w ( i l a a u %  n"au?~wwni4aum?iu.aou (Hedonic 

scale) hu~ninunrsds,ng i ndu sasl-G r$aiYuia a n ~ a ~ - u a s u l ~ l u ~ ~ u  tGnz~ruuTud3~ 1-9 inu 
RZUUU 9 ~lnui7.1 a a ~ u i n t l ? ~  un: 1 ~ l n a ~ d r i r e u u i n  Inul~$mvl.aouOudiu-au 40 nu 

5. n l 5 ~ n ~ i q ~ i ~ ~ l 5 ~ ~ 4 n ~ ' i ) 4 b a " s d n ~ ~ ~ ~ ~ ~ d i L ~ ~ 1 d ~ d " z ~ ~ ~ ~ ~ ~ n " ~ ~ a ' ~ L ~ ~ 4 ~ i d ~ i 5 n ' i  

ainni.iloano~d 3 d i ~ ~ ~ i u o ' ~ q m ~ q ~ u a a ~ z ~ ~ ~ ~ a i d ~ ~ u i : : ~ u 1 ~ n i ~ o u ~ ~ ~ ~ i i " u n a ~ ~ e r  
rll 4 qua ~ i n ~ u l i i ~ i i u n ~ u ~ u u ~ " ~ ~ ~ u i i i n i ~ ~ u ~ ~  2 7s ~a ui~i~au5::uznni 4, 6 icaz 8 UIR aaa 

Iul~~~2vlhusr~uiun'~a"4ld;ai~e\ (800 l i )  dsru- mi 5. 7 uaz 9 u ~ l  l u i ( n a ~ u ~ i i u i o ~ i  ?io 

15 n<uigurioti 250 iiaalns u f i ~ ~ ~ u u ~ ~ u u r i u ~ ~ u ~ ~ ~ " ~ ~ i ~ n i ~ ~ i  L I ~ + J \ ~ I L ~ ~ ~ A ~ ~ ~ ~ I ~ v I ? ~ L ~ ~ I W  
msbqngd' 

5.1 q~niwni$uqn Cookins quality &udamin?%lsuoq AACC (1976) 

5.1.1 sauuraai%unism'uqn (Cookin9 time) 

5.1.2 wawiwni5Auqn (% Cooking yietd) 
L' 

5.1.3 ?ouaaaa~ni5;~m~uth (% Water Absorption) 

5.1.4 ni3~~~8usuwii~niay4m"u (% Cookin9 loss) 

6. n i ~ i ? n ~ i a " n w a a w i ~ I ~ ~ ~ a ~ i ~ m ~ ~ P I m 5 a 4  

~ i w ~ m h n ' b a " u n ~ u ~ u ~ d a " i ~ ~ i l ~ d ~ ~ a ~ ~ ~ ~ 1 b ~ g ~ " d ~ 1 d n i ~ n " ~ u i ~ n \ ~ 1 ~ n ~ ~ a w i ~ ~ ~ 1 ~ ~ a ~ " i ~ ' ~ ~ ~  
94 

76 Scanninq electron microscopy (SEMI JEOL ju JSM-5410L d T r n f l ~ 4 ~  

7. n i ~ ~ n ~ i o ~ d d ~ s n s u ' ~ 1 1 ~ ~ ~ 1 ~ " ~ ~ ~ ~ a " u n a u ~ ~ ~ u i 7 ~ ~ d i ~ ~ ~ ~ d  
l i i w ~ m ~ ~ ; ~ n ' ~ ~ u n ~ u ~ u ~ u a ~ ~ i ( ~ ~ f ~ ~ d u i A n ~ ~ a ~ n ' d ~ : : n a u ~ i ~ ~ ~ i  I Y I U ~ L R ~ I ~ M I ~ I U ? ~  

uos AOAC (2995) 



I. d 3 u 1 ~ u i l s ~ 1 a ~ ~ 1 i ~ ~ ~ 9 ~ ~ u d 1 d ~ p l r ~ ~ ~ ~ ~ u ~ : : ~ ~ ~ u n 1 ~ ~ ~ ~ ~ ~ u n a ~ ~ ~ 1 ~ ~ 1 a  
n i s r r ~ ~ r i u n a u ~ u ~ u a 1 u n i s ~ n p 3 1 ~ 1 k ~ ~ i ~ n ~ i ' ~ w ~ n ~  u h i i a ~ h  uJ.rriuiiidz~i% b u  

~ ~ u a q I d I u < m ~ i a a u G ~ ~ m n ~ ; i ~ ~ u  ~ a a z r i ? u u ~ ~ ~ a ~ s ~ ' i ~ ~ m i j u ~ a ~ ~ ~ u i ~ a a u  (;was 10 V ~ ~ I W G ~  
w 

uf lah~un)  i l i n n ~ s b n w i d ' r u i ~ u d ~ u " i a ~ ~ i ~ a ~ ~ d ~ ~ u ~ i e l z m a " ~ ~ ~ m u i z a u ~ u n i s ~ ~ m ~ ~ u n ~ ~ ~ u  
" $ O I Y  qua Inuqruniw6~u8uan.r~4rni5i~$ 1 wui i  d i u i ~ u o ~ v g q h a i s i ~ b w u ? ~  luuolzini).rih 

z l i d ~ ~ k u " d 3 u i a a  a ~ w a l ~ ~ i n a i u a i i ~  (L*) u a ~ ~ ~ n ~ o ~ ~ ~ u a ~ n ~ a ~ ~ ~ u n a u k u ~ u a ~ u ~ ~  
n i 1 m ~ ~ u u d ~ b i a ~ h 1 u d 5 u i m ~ 1 a ~ i ~ w " ~ u d 1 n ' ~ ~ 1 1 ~ a ~ i  aau"13 a* wuiidP;i~Suau L L ~ A & I  

n 

~ ~ n : u ~ u j v ~ ~ d ~ a a n ~ d ~ i ~ ~ ~ ~ u ~ b m ~ ~ ~ u ~ u i ] ~ ~ ~ ~ ~ ~ n ~ ~ ~ a ' u ~ n  n i i m ~ u d i ~ ~ i u ~ S u 8 m l s ~  (b*) u9.r 

ra"unauCuqnwuiiiiuuaT4uamaq - A ? u ~ i i u ~ u w u i i n i s a ~ % ~ ~ ~ ~ i ~ a ~ ~ ~ d ~ ~ i a p i a ~ ~ d ~ ~ u d i d z m a " ~  
65:25 5535 Uai: 35:55 idilriunnsiiqiiuadiqGu"udi~y d ~ ~ ~ n u i i u u ~ ~ d i ~ a 1 u a i 1 ~ u a z 4 1 ~  
u5osd~lrvi~jl~wua~Auan"uWa~a"uqn~:Z~;7~~ni~~a'u~u X9<~ij,aq.~.muilq~a"u5uu"ql%iei7un7> 

v v  0 w w u  d i q n u a s r i u t l ~ r i u 4 i d z ~ a " ~ i m m ~ u ~ a " u ~ ~ ~ i ~ ~ n ~ ~ ~ ~ m ~ a " u ~ ~ u ~ ~ ~ ~ u ~ p l r ~ ~ ~ ~ l i l n " u  m.r;uoaiiliiijii 

nairmiiqp u i ~ ~ a ~ i u i ~ i u n s ~ u a u n i s ~ u ~ n ~ m ~ l ~ z ~ ~ i ~ ~ ~ ~ n ~ ~ i 1 d ~ u ~ 8 u  v i i l~~r 'u i l . rqnu~~i i~7 lu 
I a ~ u a ~ w a % ~ " n a i u a i i ~ ~ a ~ ~ i ~ ~ ~ w ~ a a a r n a ~ ~  ~da~il7nria1iin~iuiaun'ua~za"ua7uJi~~il~ gu-5:: 
Ia'ln~i~uriinnisnaiuGa ~rinufla~n~iua;riinni~wa~n"a aauwau~iui l . r i i~aiu~i ic i l~~a~~aui f i~u 
r d o s ~ i n ~ u ~ a ~ n ~ i ~ i a s z d ~ m ~ o o ~ s o u ~  ~iimuilq~miioCoun r d ~ u d . r ~ ~ n n i . r r ~ d a u i ~ ~ ~ ' a u a ~ i i ~ ~ '  

x cAn~aiu~Grn (na"v,-uSqd kazcno$a, 2546) aan~goqn"un-~li#nw~'uo~ d3flu?uat.nunwlilia 

(2546) 1 ~ ~ n ~ i r r a ~ a . r d ~ u i ~ ~ L d ~ d i a L ~ i L ~ a z i i ~ a ~ ~ 5 1 i w 9 1 a ~ u % ~ ~ ~ m ~ a " ~ L i l ~ ~ i a 1 ~ 1 ~ ( i l ~ L ~ u L L i l ~  

a i iG  wua'i n i ~ ~ & u e l ~ u i ~ ~ ~ d ~ . u ' ~ a r ~ ~ ~ ~ a ~ w ~ ~ w " u ~ ~ ~ ~ ~ a i u a a ' ~ ~  (L*) L L R ~ ~ I R ~ I U L ~ U ~ L ! ~ ~  (aQ) 
" 

uinau aaudiii~mlaq (b*) u a . r i a i r w u i i ~ i u ~ i ~ i q ~ n i ~ ~ a " u n ' ~ ~  

Y 
~ I M ~ ~ R ~ I U L M ~ ~ ~ ~ ~ I ~ U L A ~ D J ? @ E ~ ~ ~ ) N ~ L U ~ ~ U L  (texture analyzer) vazqorniw~k 

IY 

n:sdiqn (cooking quality) ~ s . r ~ ~ u n ~ u < u ~ u a d w i n o 1 n u ~ ~ . ~ " 1 3 ~ ~ i v n : : ~ ~ ~ ~ l l i i i ~ z ~ ~ d  



Y d  5msiaauiidn"u ~ ~ a m q ~ q m i 3 1 ~ ~  2 w7i-h ~ i n a i u ~ w i u a ~ ~ ~ u a l ~ d ~ ~ ~ ~ u u i n q ~ ~ ~ u a a m t j ~ u i ~ ~ ~ ~ ~ d u " i a  
~<iaazi6ud3uiorufl~~udielzwa'q uni~u~nsdi~uvd~<ia1<i~abbd4u"ud::~~~ roun: 25:65 d 
w u 6 i d i n a i u ~ ~ G ~ a " ~ d ~ # u F ; . i  ~ d a i 6 b ~ n 0 i n ~ ~ ~ i ~ u d " s i o r ~ ~ d ~ d u d i d a ~ ~ ~ ~ d ~ d " s 1 ~ a : : ' b u b a  

~wnRup ~ d o d i u n i ~ v i 1 ~ n ~ u a ~ ~ 3 ~ ~ 1 n ' i ) : : i ~ a i u ~ n w ~ u ~  ~bu~oaimi iua l ju  d a u ~ a a ~ d ~ o ' i a ~ h  

~6a~naz~5u ienAu8~  uanidsi-i iu ~ ~ ~ u 1 d n w u l a n u ~ ~ ~ ~ ~ i u i a n i ~ ~ ~ ~ i i u n a ~ l k 9 ~ ~ m s i ~ ~ ' ~ ~ i ~  
uJ.niuhd-~kd3ui~uinna'i~::"L.a"~~s~n'~~~nii ~ i ~ ~ i n ~ d ~ u ~ ~ ~ ~ ~ ~ ~ u d i d z ~ ~ ~ ~ ~ ~ n ' u ~ d ~ ~ a ~ n "  
P A R ~ I U ~ I M ~ ~ U ; ~  1 ~ ~ ~ i r n 5 ~ i u i a u = i ~ ~ ~ d " a u  di~~~~a~i)~~~51a?u1bstl~iiab~ibba"~bbstl~%J"u - 3 did-mn' . r a n n ~ e ~ n ' u w a r n ~ n n a o ~ w ~ ~  udyr imznruz (2545) d~in i~ i (na i?mnuum~ua~u~~"a  
w i ~ n a a o ~ i ~ u n ' a u ~ m d u a ~ ~ ' i ~ i n i i ~ r ~ ~ i a ~ ~ i ~ a u d a i a ~ d u a 9 i d ~ ~ ~ ~  wua'i n iswn i~wu~ iJ~$ ia~Gi  

i a u ~ a i a i f i u ~ i ~ z ~ ~ ~ ~ u n i ~ w ~ ~ 1 1 ~ u ~ a u ~ ~ u  i5::~uioua:: 30-40 ouiswa~iIMYnisaUmciina1;51 

~ w ~ u a u a z n i s ~ ~ ~ n ~ n a a ~ b a " u n ' a u ~ ~ u a ~ ~ ; i ~ a i u ~ ~ ~ ~ ~ ~ m a ~ ? a i ~ u n i ~ w " i ~ n  (cooking time) lmu 

s z u : : ~ a a i ' l u n i s n ' i q n a m a ~ 1 ~ a a m d ~ u i ~ ~ ~ ~ 6 i a ~ ~ i ~ a : ~ ~ u ~ ~ ~ ~ l j ~ d i d z ~ 8 ~  ~~aauii) ind?uicu 
i . 4  &' 

u i l 4h r i i d -~kn iwuuu  1 n u u i ~ ~ ~ d i ~ ~ ~ ~ 1 ~ ~ b b d d " 3 i n ~ ~ w " ? ~ ~ ~ ~ ~ ~ ~ u n i ~ b ~ ~ b ~ a i ~ ~ ~ 6 o ; ° i  
Y 

na'iqoln~Silinuh?~i!'p~ ( i ~ d . r h a ~ h )  ( n i i i ~ s ~ i  uazinaga, 2546) ddwaTG cooking time XU 
w rluu 

na'i daudiiauazwaerSn (%cooking yie(d) ~ r a d ~ ~ u n ? o a ' u q u a ~ 1 u 0 m ~ i d a u v a ~ 1 i ~ ~ ~ ~ i a ~ o ' i ~ a ~ ~ ~ ~  
Cudidsn5~umnvii~n"u wua'iw"~nsiaiauii.il~$iaijio~ia~1;1~~"udid~~a'~ 45:45 &a:: 55135 %$%I 

% cookinn yield !.r u a z \ ~ ~ ~ a i u u ~ n ~ i ~ n " u o u ' i ~ ~ u ' u d i n " ~ ~ i ~ a o ' m "  a ~ n ~ ~ a a r i ~ i a u n : i i v ~ n d  

zJur~ur%~-hrni3 i iqn (% cookinp loss) ~ n s L o m z ~ ~ n E i a u r i ~ d i i a L ~ i ~ a b ~ . i l ~ ~ u a ' i ~ z ~ a " 4  
dcr 6 A 

45145 n u ~ i ~ i a ~ i ~ j i ~ u i ~ i / i ~ ~ w i ~ a ~ ~  L ~ ~ I J u ~ < ~ J L L J ~ < ~ ~ I ~ ~ u $ u ~  Iuvor-drin.iisiauu~q~"ia~<i 
d a ~ ~ J ~ l j U d i d ~ ~ 5 . a  25:65 w~a ' i i ih i  %cookin9 yield d a u d q ~  ~ a % ~ n i a ~ ~ i 8 u ~ i ~ l d ' n a : : M i i d w " i  

q n ~ ~ a n n ~ i ~ a i n ~ m s i d a ~ ~ d ~ ~ i a ~ ~ i ~ a ~ ~ ~ ~ a J " u d i d ~ ~ a "  65:25 55135 La:: 3555 iYdmi31.rd 2 

w n . r o ' . r ~ n s i a a u ~ ~ ~ ~ 1 d ~ ~ ~ i ~ ~ u i s a u ~ ~ o ~ ~ ~ ~ n " u 5 n ~ i i u u  dau % absorption w ~ ~ i G m i d a u  
u J q i i a i h i e u i l ~ C u d i d z ~ ~ q  4 5 ~ 5  on;. 5535 ~ d i \ i u m n o j i . r h w i ~ a i i ~ i ~ a ~ ~ ~ u n ' i d ~ ~  daud 

Cm,iax~ 25:65 id i&dqnodi . r i i~ua" in '~ nisi~uciil.ri~on'i~iiuna~~uu"~~ua'ia"m~iaau~~d~~ia 
~<ilrsioaiddGu 4545  ~d i~~~amnpi i~ i l in~~~ ia iau~~ . i l~u ' i a i< ima i~J~aJ 'u  3555 La:: 2555 miuGi~u 
~ ~ w u i i ~ d ~ ~ ~ u d i u i m ~ ~ ~ ~ ~ u 8 i d ~ ~ a " ~ w " i I ~ i a u a ~ ~ a ~ ~ ~ 1 ~ ~ a : : i a ~ a = : n i ~ ~ ~ ~ u ~ i a ~  nan~iiedriu 

wam~~nai l . ra i ld~uw'bw"~ uaznrus (2533) nd~nwiwanii l~uil4~udids~~4wau11~~.i i ia1il"ida 
?rurnwusq~~un'~u~i&a w u i i r ~ n w a u u i l ~ r i u d i d : : ~ ~ a a ~ ' b d i i 1 ~ " ~ m ~ i n i ~ ~ ~ 1 ~ i a m a ~ ~ d a ~ ~ i n ~ ~ ~  
~ ~ ~ ~ " ~ ~ a i ~ i ~ n i s ~ ~ ~ l n ~ a ~ n ~ n ~ i ~ ~ ~ f i u d i d s ~ ~ ~ ~ a ~ ~ s " u ~ a i u ~ a u  U ~ O Y W  u ~ i i k ~ ~ . i i a ? u ~ ~ f l ~ ~ i a  

r61~ioud~riuii idz~8 65:25 5535 ttas 4545 i i ~ua l~~a~azn i s~n(a 'ucbaz ioua: :waw~~~ i~u$u  
~ ~ o ~ ~ u d ~ ~ i o r i ~ ~ ~ ~ u a " i d ~ ~ ~ a ' ~ w " s o a ~ d ~ ~ ~ i l ~ ~ i a ~ ~ i a ~  ~ ~ a ~ i 1 1 n ~ ~ ~ a ~ ~ ~ i l d a u e z ' b u ~ a a I u ~ P r ~ ~ ~ i l ~ w " i  
~ ~ n ' ~ ~ ~ n ? s w i l . r h ~ ~ d u ~ ~ ~ ; i n i ~ a z a ~ u a m a ~ ~ ~ a ~ j ~ u n a i u ~ a u ~ u d i d u ~ n n a  1 p l s 4 n i i ~ ~ u i a ~ a d r ~ u  
w ~ n u ~ ~ u ~ . n f i n n i s u ~ 1 n ~ a ~ 1 a z b u ~ a ~ a ~ i ~ ] s \ d ~ ~ n " ~ ~ ~ \ a m s a n ~ a ~ a ~ ~ ~ a ~ a z \ u b a a ~ ~ a : : a : : ~ ~ ~ b a  
anFiu$ai?ui?us::labns~w d.rwa1~~aiuaiu~sc11uni~~m~ud?~~a::n~aa::aiu~~u~u (Sinqh et al., 

d 
2003) na iuumni i~qJo~~ i~~u<uGi~ l r i i~~u .ua~u~~a~n i l i nna iu~mnt r i i~p ia~~~~~e i~ . r~~m<u ~ B s w  

A . a  3 
u ' m s a z a i u ~ i ~ ~ m i 3 i n l n ~ ~ n i i ~ d 1 5 u ~ . r w 8 n u ~ ~ ~ ~ n ~ i l ~ u a ; w i r s z ~ a l ~ ~ ~ i ] u w ~ n m ~ u ~ r m i i ~ a ~  
Isn5an9aluluraqaaJs wuiiuddsin~~n~jiaiini5aza1~~i1~o4ilin~~~~ai1.~~1buldulnfla'i~a~ii 



w8ndunnii.rein~v~17 m z a ~ a i u u a d u a d ~ i ; ~ ~ ~ ~ d ~ i u t ~ ~ i a ~ d ~ ~ ~ ~ ~ i  ~6 i l d i l i nda i i r n~~~ t l  
~ ~ ~ ~ D u i n n i i d a ~ r n s t A ~ t u a i G l u t a i i u  ~ ~ s I a ~ n s t o u g n ~ ~ a ~ u u ~ ~ u ~ u ~ u ~ a q a J i ~ ~ ~ W " V I ~  
~am~sn8agndaauoanu1 ~ i ~ w a h i l ~ u i l . i ~ ~ m n i ~ w a ~ n ' ~ a e i i ~ m i ) ~ d i ) ~  (Mishra and Rai, 2006) d.r 
~ ~ ~ ~ ~ ~ I ~ N ~ I ~ ~ I ~ ~ ' I ~ ~ " L I O ; I I ~ ~ ~ ~ ~ ~ L ~ O L ~ % I L L ~ ~ I ~ ~ ~ ~ I N ~ L ~ ~ J I ~ ~ ~  

Cooking quality 
Maximum 

RF:TF 
Load (N) Cooking Time 

% cooking yield % absorption % cooking loss 
(rnin) 

.y 

w a n i s d s ~ ~ ~ u n i s u a u ? u ~ i d d s s a ~ w ~ ~ ~ ~ a  iau?; 9-point hedonic scale pIo;l~hnau$u 
4.a v ~ v a n u a ~ ~ i r i a u u s ~ u d ~ ~ i a ~ ~ i ~ s ~ ~ r t l ; I u " u d i e l z ~ ~ ~ d i ~ f l " t l  i l an . r~w iwd  3 cl inm~~.rwui i  6-1 

~ ~ u u u ~ ~ i u a ~ u b u ~ ~ u ' ~ a ~ ~ m s i a ~ u ~ i l ~ ~ i a ~ ~ i m ' a ~ ~ ~ ~ ~ u d i d z ~ ~ ~  65:25 i i d i ~ a u b i ~ ~ l a d i ~ d  
Y 

riu8ipiol d d ~ u w ' ~ 4 ~  uaspltua (2533) naiail liiun'aur~u2iaiim'31nu'13~dia'2u~::u"~n~~::lua 
8 u ~ d u i  u4~nssii-r ~ d i l ~ e i n i i i l d d a a ~ ~ ~ b a ~ i ~ a i u ~ ~ ~ a ' u a ~ ~ ~ a  $ d ~ l s i d i u u a d u & h - ~  

~iiiauil.ru'uii7dsp4a'd 65:25 ~ d i ? u n a u u u n i s u a u i ~ ~ a u ~ ~ ( i \  u a s d r i ~ n a ~ u u ~ ~ b i a ~ < i p i ~ ~ ~ i l ~  
i ~ u g i ~ ~ , v ~ i ~ d  5535 45:45 35:55 25:65 IiSn?iurrmnci;~dCu ~ i o ~ a ~ s m ~ i ~ n z u u u n i ~ u o o l f u  

faun"vwaniFirmsizP;r" qslaniwwS~nisGiqnoz~6uii ~msiaauva~a~rt l~~ia~~i9ioa~i l~~uua9idzw& 
45:45 9b cooking yield ~uJa6ba.r ua:. % cookinq toss a $ u f z k ~ ~ i  ~d~f lu~mTia?uv~d 

w d.d ~ ~ m ~ ~ i l . r h a ~ h i a ~ ~ i l ~ d u i 3 i d s ~ a ~ ~ u ~ a i u ~ ~ u i : : a u ~ ~ ~ 1 u n i a ~ ~ m ~ i i u n a u k ~  
c l i n n i d n w i w u ~ i a m ~ d ~ n i ~ ~ ~ u ~ ~ ~ ~ i l " m ~ i d a ~ ~ ~ ~ d ~ i a i 6 ~ m a u ~ ~ ~ ~ a " i d " v ~ a " ~  65:25 ka:: 

25:65 ~ ~ ~ ~ n ~ d n a ~ i i I d d ? u d ~ d  ~ ~ s ~ o i n i j ~ ~ m y l n i r v l " i ~ n ~ a ~ ~ i ~ a i ~ ~ ~ ~ ~ a ~ i ~ ~ a ~ d ~ u u ~ ~ ~ ~  

f%JB~4&..J ~ ~ d w ~ i ~ $ m ~ ~ d ~ ~ ~ d d ~ ~ a ~ ~ ~ i a b ~ $ ~ a J " u a ' i d ~ ~ a " ~  25:65 i isiini~~auiU~idd5za1wa"~w"a 
~ a n i i ~ ~ s ~ d a u u ~ ~ h a t ~ i ~ ~ ~ t ~ ~ ~ u a " i d ~ " ~ ~ ~  65:25 ~ ~ ~ U ~ . I Z I U I ~ I U ~ I ~ U . I ~ I ~ ? ~ ~ ~ Q ~ ~ ~ ~ ~ ~ I W L ~ O  

~ d u n i s v a u i u n i ~ ~ s r a i p r ( ~ u C a ~ ~ a : : ~ ~ u ~ ~ ~ ~ t u n i w n i s ~ " i ~ n  s a ~ $ ~ k i ~ 2 1 ~ ~ ~ i i u 2 1 w ' n ' ~ u  4.1 



v del ~ ~ ~ R ~ ' ~ ~ ~ ~ ~ ~ ~ I N I L J ~ ~ . ~ T ~ ~ I ~ P ~ ~ ~ ~ L ~ U ~ ~ ~ ~ ~ L ~ ~ ~ I ~ A I M U ~ I ~ ~ . ~ " ~ ~ U ~ N U ~ ~ ~ I ~ L ~ I ~ ~ ~ ~ I I L J ~ ~ U  
dld%s/ra"9 

2. ~ R ~ J ~ ~ ~ W ~ ~ ~ ~ ~ ~ ~ ~ A ~ R R D U ~ ~ L H U ~ ~ R U ~ \ ~ ~ ~ ~ ~ ~ ' U ~ ~ ~ ~ ~ U C ~ ~ W L I \ ~ ~ ~ U ~ U ~ U ~  

o i n n ~ s ~ n w ~ w u i ~ ; m s n i ~ ~ ~ m ~ a " u n ~ ~ k u ~ u a d i n i ~ ~ ~ u ~ ~ ~ ~ o " m ~ i d ~ ~ ~ d ~ ~ i ~ ~ d i o i ~ ~ ~ d ~ ~ ~ d  
d i J z r k  65:25 r ~ u g n ~ d n ~ r ~ ' i u i d 5 " u d ~ ~ ~ ~ n i w  1 n u n 1 5 ~ i u a i d u 1 ~ 5 ~ a a a a ~ m ' ~ d o ~ ~ u n i ~  
t ~ ~ u ~ ~ ~ q o l n i w ~ ~ ~ ~ &  .i2u$draudusuiuuac[u'unnn r d a s o i n i i ~ i u ~ ~ ~ a i w i u ~ " i I a 1 m 5  
maaaaun'i~udauwauw~ab~u~~se]5"ud~d~~mn"6u(pib~~1 ~ ~ ~ ~ 2 7 u r ~ u \ d ~ ~ u n i ~ ~ i u i d 5 " u d ~ ~  
iinwtu:~'un2u~u~nr~ini~~~~1b~d9.u'~2b~in'sb~d9~u~id::~a"41u~~151a2u 6525 ~dae] iud~. r  
~ i n a r u : ~ i i u i i ~ ~ l ~ &  k ~ u 8 . r l ~ s l m ~ n s a a a u n ' ~ ~ w u m  6 ailn Rn uaunnu6.1 (xanthan sum) 

t%%u (guar gum) nif=iiBuuu (carrageenan) wdyn (konjac glucornannan) mi<uon3a~ufia 
'm 

m a ~ l a a  ( C M ~ )  ~~aaCaB~um (alginate) u 1 ~ i i u l u ~ ~ l s n i 5 ~ ~ 1 ~ ~ a " u n a ~ i l " u ~ u a ~ ~ s v i d ~ u i ~ ~ a ' b m ~  
n a a a a u ~ d ~ r m s a u ~ u n i ~ d ~ u e l ~ ~ ~ ~ n i w ~ a " u l n u t I ? u i ~ n i 5 ~ i u ~ a  ?sea:: 0.25 0.5 0.75 uaz 1.0 

' U ~ Q ~ ~ M G ~ L L ~ S  ~ a n i ~ ~ n w i n i 5 b ~ u a l 5 1 a ~ n s n o a a a u ~ i ~  6 aijm wuji n15~iuai51s~nsnaaaaui 
a i u i ~ o ~ i ~ ~ ~ r u n i ~ ~ S u n a u B u i d u u i n n i i i r p  3au&ni=i 

U % U L L W U ~  (xanthan gum) 

~ i v ? u d ~ n i ~ n ' i u n ' a ~ ~ i u ~ ~ i u a ~ ~ a a n ~ ~ u a u ~ u w i ; 1 d ~ : a i w ~ u ~ a  ~arns6disn-i=i-i9Wd 4 wudi 
~ u d ~ ~ ~ u d 9 u 1 t u ~ ~ a u ~ ~ ~ u n " u o : ~ ' ~ 1 ~ ~ i ~ ~ a i u ~ w i l u ~ ~ ~ ~ u a b u " u ~ ~ ~ ~ ~  1ulu~awizni5~~udd5ui~isuaz 

1.0 I ~ ~ i m i u ~ v i u ~ q . r q m ~ ~ m n i i ~ ~ ~ n ~ ( i l 5 m ~ ~ ~ u ~ a z ~ ( i l ~ ~ ~ m ' u s " ~ ~ a ~  0.25 o$ iaQt iuhCyni~n lR 
d i ~ s " u n i a u ~ u s " u v n d d s ~ a i w ~ u ~ a ~ ~ a ' i ~ ~ i ' b ~ ~ b m n m ' i a n " ~ ~ u ~ i 9 a ~ ~ ~ u ~ m a ~ a u ~ u u n ~ 7 ' u ~ i ~ ? 1 d a  

- ,  A a Y 
d D m ~ ~ u ~ u u n - i ~ i ~ n n ~ i ~ ~ u ~ u ~ ~ ~ ~ ~ ~ u ~ ~ ~ u ~ ~ ~ u ~ u i o a :  0.5 ~iauq~m~n15~ . iqn~bazw7iu~u  

4 2  " 
(DIISI& 5) ~ u a ' i ~ ~ a ~ ~ ~ ~ ~ u ~ ~ ~ ~ ~ u l u d i l n ~ 1 1 ~ ~ u ~ u d ~ ~ l a d a ~ ~ n 1 w n i 5 ~ ' i ~ n " ~ s ~ ~ ~ u n a u ~ u ~ u ~  

4 e l 1  

d u ~ ~ 8 n r j n c l s " ~ ~ i i n ~ i u ~ m n m i ~ n " u l ~ 1 ~ 1 ~ a ~ Z  unriugrnr~~iiurru~~wu~uiaua:: 0.25 wum?tuniw 



mmiiqn6iu f;iiouaawawln (Yocookinq yield) uaas'aaasmsnm<u (%absorption) u'eun-h$msi 

du~rau~iwun'uiauaa 1.0 urjldiitiua'16&~idafiG ~ ~ I M ? ~ ~ I ~ I M ~ ~ ~ ~ ~ L Z C I ~ Y M ~ I ; I M " I ~ ~  (%cooking 

loss) W ~ ~ ~ i u v n n i i . m ~ o r j i ~ i i ~ u a ~ ~ ~ ~ ~ i ~ a ~ i ~ a : : ~ i ~ a i ~ ~ u ~ ~ i ~ i ~ ~ i a ~ a  37.21-38.84 i2ud1 

i i a u d ~ h n 2 u k ~ u a ~ u ~ ~ a z ~ n  uan.r~.rmisi.rd 6 wui-1~Au?luoriirii~27uaii;I (i) ~asdii(~~:ad (d) 
$ 3 4  

p~nii~Zuq:u?n ~ ~ u ~ u o . m a i n d a ~ i i u c i i u n i s w " i ~ n i ] z ~ ~ i ~ ~ ~ ~ n ~ u ' ~ ~ d i i l ~ ~ ~ i ] ~ ~ n ' ( i l ~ o a  ~ & n ~ i u n i i l . r  

anad d ~ u ~ 1 l i ~ ~ u ~ n u i i ~ ~ u i u ~ ~ i ~ ~ ~ u a ~ i n i i ~ 5 u ~ n  ~ ~ a ~ ~ i s r u i w a n i s l n ~ i ~ i w n i s v l " i ~ n  

R~I~JLMGU~ U ~ Z ~ ~ ~ ~ U ~ U Y U M I ~ ~ ~ Z ~ ~ W S U G ~  ~ z \ G u ~ ~ L ~ ~ \ ~ ~ u u ~ u \ ~ Y ~ u ~ P J  5at)a~ 0.25 0.5 \\a: 0.75 

~ n u i i w l i n  I ~ ~ ~ ? l u u n n d i ~ ~ ~ i d d ~ ~  ~ d u ~ f f ~ ~ - ~ n ~ ~ n i l r i ~ i ~ a ~ a ~  0.5,0.75 ua:: 1.0 ~nu$iMih 

k ~ u ~ ~ ~ ~ i o n d ? u i w ~ ~ . a u ~ r ~ 1 u n " u d ~ i u a ~ ' b d d o u ~ ~  di]i~uidn~iu~iubu?osn; 0.25 uas 0.5 inu 

i 7 ~ i i n  w u i i ~ ~ ~ u w u < u i i ) o a ~  0.5 ~ ~ ~ u a ~ ~ u i i ~ = ~ ~ u u n i ~ u ~ u ~ " ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ ~ w ~ ' a X ~ ~ i  a miu 
In n2 iu i u  ~ ~ n i w m s M ' i q n  ~ m u ~ ~ G u 2  i d ~ ~ ~ n i i g n s d ~ ~ u i a u a ; :  0.25 &Zu~r~p~lsnd3uim 

L L B P I ~ U ~ ~ ~ ' O U ~ Y  0.5 %"ii%un7~8nv1hald anrnna"odn"u~m'~nis~nwiva;I Jarnsuwan and 

Thonqngarn (2011) I ~ U ~ ~ ~ ~ ~ U ~ . I R I Z ~ ~ ~ ~ ~ ~ ! O ~ R E ~ U ~ ~ O ~ ~ ~ ~ J ~ Y I ~ ! ~ ~ ~ ~ T " I ~ L ~ ~ ~ ~ ~ ~ K B J ~ " ~ ~ % E ~ ~ U % M ~  

Fi?.md~~%~:d lnula'ai~lalnsmaaau6 3 aDnRa l i 2 i r i u  ueuunun"~ ua:: CMC wu i i n i s~ iu~ reu  
' 2  d 

~~nuliuiouna 0.5 awadilm' sbcookinq y idd i i d i r ~ u a u r u s ~ ~ a u r i u ~ m s n a u ~ u ~ d ~ n i s ~ ~ u a i s  
Islmsnnnanul uazCdi~waln' %cookine loss i i R ' i 6 u n i i ~ ~ o i i ~ f l ~ u q u h u  u a m ~ ~ ~ ~ u i i u a u  

u n u ~ u ~ ~ ~ i u r ~ d d ~ ~ u n i s  ~ i u i e l 5 u d ~ ~ ~ ~ n i w ~ ~ u n ~ u B u ~ u a  

~ 3 1 u g a u  Maximum 

~ a 8 i i 3  m a i u v a u i  naiu'la maiurwiua FIIIU(U ~ IF~us~  'iBIus7bl Load (N) 

qmsn7uqu 6.70k1.13~ 6.42k1.06~ 6.52f1.20d 6.7621.25) 6.52i0.97~ 6.70i1.07~ 0.22i0.02~ 

n'70t i id %cookinq yield %cookinq toss %absorption %Moisture 



wdyn (konjac ~lucomannan) 

d ~ u n i s ~ i i u w ~ ~ n ~ a ~ i n i ~ ~ i u ~ o n a i u ~ s / l ~ ~ ~ ~ a r . n i ~ u a u ~ ~ ~ i ~ d ~ : : a i ~ K u w " a  b i s i 4 d  7 )  

r r u i i d i n i s ~ 1 u i a ~ ~ i u i s / l i u a ~ ~ a ~ ~ u ~ ] 4 ~ n $ ~  4 r s u T u l r i S ~ ~ i u u n n i ~ ~ n " u ~ t i i ~ ~ p l " ~ l d i n " ~ w i ~ a ~ i  
u a z w u ~ i g n s ~ ~ u ~ u ~ ~ ~ ~ ~ i u u ~ ; 1 n d i ~ n " ~ n " u ~ [ i l ~ ~ ~ ' 1 u ~ a u a : :  0.5 kaa 1.0 $- run i~uau?u~14 

d= i -a iw&~anu i i  I ~ ~ n 2 i u t r n n d i 4 r i u ~ i ~ a 5 E  u n t ~ u ~ i n ~ i u ~ w ~ s ~ ~ ~ ~ i ~ ~ ) 5 ~ a ~ ~ u ~ ~ ~ ~ ~ i u  
u ~ n e i i ~ r i u w ~ . r a i i i r i w ~ r n s ~ t ~ u ~ ~ ~ ~ n i ~ u a ; :  0.25 ~ui~n5~2uquuwnii4~)~14iju"~dim"cy~74a~iiin"u 
q ~ ~ d ~ ~ u i u u a s  0.5 0.75 un;: 1.0 d i ~ i u q r u n i w n i ~ i i q n  (~117-1d 8) nuiidi %cookin? yield 

ua:: %absorption ua.mi~~~uw~~nd- i ;~uiaua: :  1.0 u ' r i ~ ~ a ~ ~ n ~ ~ ~ n . i i ~ ~ ~ n n i ~ ~ ~ u ~ ~ ~ u 1 ~ ~ 9 ; ° 1  
V d  I 4 

n i i u a s p m ~ r n u ? u a d i ~ ~ G u a " i n " f ; u ~ ~ i ~ a ~ ~  a-~u sbcookinq loss a u i i r d o ~ ~ u w d ~ n ~ i ~ ~ u ~ ~ i ~ ~ i  
umndl~riutms~~uq~oi79G.d"~57n"~w79aC~ daiihiouas 5.73-6.35 uni5~~msd3n~si~uw~~n5'au 
ar. 0.25 u'd~~k~~mn~i.m~uga~Pi~uqu a~uf iu i~~~-1u<udd1 37.21-37.78 ~ I M ~ U P ; I ~ U J ~ L ~ U ~ ~ U B U  
d ~ ~ u u . r ~ n  k, *a ( n i z i d  9 )  n u i i i m ~ i u a i i . r u a u " ~ ~ i l ~ ~ ~ ~ ~ ~ a ~ ~ ~ u n ~ ~ B ~ ~ ~ ~ ~ ~ ~ ~ n - i i ~ ~ ~ n ~ ~ ~ ~ ~ n  
~ ~ r ~ i i ~ ~ ~ n u i ~ ~ ~ a " u ~ u ~ ~ 1 a i e i i u n ~ s v l " n  u n ~ ~ u i l ~ r i u d ~ d r . ~ a " ~ ~ m ~ \ ~ u ~ i : u ~ : : u i ~ ~ n i ~  
~= iur r i 'o~d~a 'u~%~n 'u  & ~ u ~ ~ ~ ' i ~ % n ' i r n ~ i u a ? ' i ~ ? ] ~  rm~~da~iu id iun~.u?un i r  iuilnd.ror.iiii 

~rm-in~$i ldu~a"u i i ~ n ' ~ d r ~ n n i ~ ~ n k a : : ~ a $ u  n~iuaiitua::di~rs/lBo~~~a(ila4 S / - r u d i i l ~ i i ~ - ~ ~ ~ i i  
~3~2lu i i r i l8 ln i~~a"u~n  ilmnm-rAnw~nui~i~~;auun~'i~~aau~~~~'i~~~~a"~w"aIrid~~~uamna;i~~ 
n'u iraini~duw.rynioua: 1.0 d~waisisua~waw~~1ua~5"oua~nis~l i l~uq4dql i l  r i ~n~ iu r rdu2aan i i  

i 
;mzn?u?u iiil::&& %cooking loss $~ni1~m=in-r~?u~~az~rn5~b~uu9~n?i lua::  0.25 $ 2 ~  g42uia 

Y 

Gonw;lyns"ouaa 1.0 Irani~i;inwi~uuio'bel 



~1.nsd7 d'su~ruw.ayn (KJ) -- ~ s ~ i n ~ s u s u ~ u m d d s z a ~ ~ 1 8 u ~ a ~ ~ a ~ ~ , 7 1 u ~ v 1 ~ ~ 7 u o ~ ~ ~ u n 7 ~ ~ u ~ u a  
waluvov Maximum 

h a i l s  n7iu.aoug n71rrTa n?ier~~iiu? W-JIU~U nGu.sa hus7u Load (N) 
b b qwsnauqu 6.68f1.08~ 6.16+1.24' 5.87f1.26 6.10rt1.30a 6.00~1.15' 6.23k0.99~ 0.22+0.02 

misisnd 8 ~ ? U I N W P ~ ~  (KJ) ~ a ~ ~ n ~ ~ n ~ s ~ ~ ~ n ~ ~ a a ~ a ~ u < u ~ a ' u n a u ~ u ? u a  
&a414 %cooking yield %cookinq loss %absorption %Moisture 

w # W  

nasnu (Guar gum) 
n i ~ ~ ~ u n " 7 i ~ u F i o ~ 1 n 1 ~ ~ 0 % 1 ~ ~ ~ 7 d d ~ z ~ 1 ~ i i ~ w " f l u ~ = : d 7 ~ 7 1 % ] l ~ ~ ~  ((i11514 10) ~ u - i l n i ~  

s s u % m ~ d s z a i ~ b ~ a T % i d m a 1 u ~ ~ ~ 1 n ~ i 1 d n " u ~ d i . ~ ~ u " ~ d i 6 ~ ~ 1 ~ ~ ~ ~  a?ur i i~~uhun iskvru i i  d a  
t w  u e d 1Rud~u i~ f i~snu2eua~  0.75 a ~ u a ~ ~ ~ i v s ~ A l u n i s ( i l ~ b ~ m i ; ~ ~ q ~ ~  (0.32 N) u r n n ~ ! i . r h ~ ~ d u ~  ad14 

a' 
riB81n"~w1daBfl Fi~uqmmwn~~d1qn~azw~1u"p1~ (nl.rrd I 1) w u i i d a d r r ~ i u i d ~ s ~ u i a u a ~  

Y &  Y 

0.25 dduaTwnisauasuawZm (%cooking yield) ~raz?auasn~s~m$u (%absorption) $hGilunji  



~ m ~ ~ 2 ~ ~ u u a ~ ~ m 5 ~ ~ n i 5 b ~ ~ i a u a z  0.5 0.75 ua:: 1.0 s c i l d i j ~ u r i - t ~ ~ c y n - t ~ a ~ i  d-tw~u~~nu'nd 
:qb~u~::wiisni~w"iajn (%cooking loss) w u ~ i n i ~ ~ ~ u ~ i ~ ~ n ~ n ~ r n a a a a ~ l m ' ~ b ~ w ~ b ~ u M ' i ~ M '  %cooking 

4 1  A . 4  4 1  Y 

lois idinnas lnu~awi::m~~~ud~a<u40uaz 0.75 umlminym uard-tpl21u~uwui1umi3aua~ 
39.41-39.84 d i w ~ ~ d i ~ u o a r ~ u n a u ~ u ~ b ~ u ' b ~ 1 ~ i l ~ ~ 1 a ~ a a ~ ~ ~ ~ d ~ u i 6 ~ d ~ ~ m n ~ 1 ~ n ' u  ((IIITIP~ 12) 

w u i ~ i ~ m ~ u a i i ~ a a ~ i i ~ ~ ~ 9 ~ a a " u a ~ ~ i l " u n ~ u ~ 9 ~ ~ ~ ~ ~ 1 ~ ~ n - ~ 1 ~ ~ u n ~ u B u n  ~ B a ~ ~ i n ~ ~ u ~ u r j a f i ~ ~ u  
i i i ~ ~ ~ ~ ~ ~ ~ ~ i u ~ i i ~ ~ ~ ~ i i ~ n i ~ w ~ m ~ a " u ~ 1 ~ ~ ~ A 0 l u 1 G ~ d ~ ~ ~ n " u  & & i s ~ i l l ; l j ~ i n ~ i u a i ~ ~ ~ ~  ~i 
~ d i l a d ~ u ~ w ; u n s ~ u ~ u n ~ ~ m " ~ ~ n ~ ~ ~ ~ ~ ~ ~ ~ ~ " ~ ~ ~ n ~ u " ~ ~ . ~ l I u ~ i i ~  ~ ~ ~ I w " ~ s ~ ~ P L ~ R ~ ~ ~ ~ L L ~ z I ~ ~ B u  m7uaiv 
uam"i i i~wlaG~ana~ ~ i~ui i i i~ i iu~wui i r~u~u~i161ni i i i iu~n ~ ~ ~ u r r ~ u n " a i f Y u i a u ~ -  0.75 k ." 
~ ~ u s : : ~ u d ~ i ~ ~ ~ r u m w ~ ~ u n ~ u ~ u ' u r i ~ i ~ a u a ~ w a w ~ ~ ~ ~ a : : n 1 4 ~ ~ ~ ~ ~ ~  ~ a a ~ G ~ F i i ? B u ~ s ~ l ~ ~ n d  
E ? q d u ~ ~ ~ i ~ ~ m s v i i ~ n h ~ i q m  u a n u i n ~ u ~ ~ i d ~ ~ ~ i u ~ w i u a ~ ~ d ~ ( ~ 1  ~rri~~~aiuii~~~n\~~Qu~io'b.~l 

h o d i s  naiu.clo.ui? naiu%a naiu~wilua naiuiu n;um bmusau Load (N) 

n"aoi~d %cookin9 yield %cooking loss %absorption %Moisture 

ysnaerqu 171.78+4.89~ 7.41?0.81a 71.7824.89~ 39.84k0.67" 



~ 7 ~ 4 7 ~ ~ ~ 1 ~  (carrageenan) 

n i ~ ~ ~ ~ ~ i i ~ ~ ~ ~ ~ ~ ~ i a i i n i ~ u a u ~ u w i ~ ~ ~ a a i ~ ~ ~ ~ a ~ ~ : : ~ i i ~ a i u ~ ~ ~ ~ a  (mi5i& 13) wuii 
F i 1 n i s o a u T u ~ 1 . r d s ~ a i ~ a " ~ ~ w " a ~ 6 i ~ ~ ~ ~ a i u ~ m n F i i ~ n " u n " u q ~ 1 ~ m a ~ ~ u a t i 1 ~ ~ u " ~ 5 9 i m " ~ ~ i ~ ~ i i ~  d i ~ i u  
i i m ~ u ~ ~ i u a w u i ~ q m ~ w a ~ ~ u ~ i i n " i ~ ~ m  (0.21 N) ~unoii.r;l1ng~l3~iin15~iu~ii31duuua~14~ 

riuditqni4niil aauqcunivmi~~ian~aa~aiuBu (~115i~nd 14) W U ~ I ~ D L ~ U ~ U I N A I ~ ' I I ~ U U ~ ~ ~ U  

aa 0.25 ~d~wai9~bbwn~1~n"u~uwida~n' bb~i~~a~~u1ud~ui61d~~duiuad~a~~~j~aua::~ae~8muauv~auaa 
ni~qm+1~'uiilru2lGuama4 dau %cookina loss 8m3dt~uiaoa: 0.25 0.5 ua:: 1.0 ilriihmiiqm~ 
n w ? u  oaaM'~r~'uni=ir~uisua:: 0.25 i i i i&clan (5.54%) u i n i ~ r i u f k a u a a  0.75 i ir i ibi~~wnriw - 
; l inams~~uqud~4SG~din"qwida?n' d i ~ ~ u d i 8 o a d ~ i ? u n ~ u < u M " ~ ~ u ~ i ~ ' i 1 ~ u u u  ( ~ i s w d  15) 

w 

w u i i i i m i u n i ~ ~ a a ~ ~ d u n ~ u ~ u i u ~ d i ~ ~ n i i ~ a " u n ~ ~ ~ w n  ~ : o ~ ; l i n ~ 5 u l u s a Z d ~ ~ w ~ 4 u i J ~ ~ u  
h ~ a v k ~ n a ~ u ~ n c u ~ ~ u n i u u ~ n ~ ~ a J a ~ n " u ~ ~ ~ ~ m n ' u ~ : : ~ i i ~ ~ a ' ~  k d ~ ~ a ~ ~ l d d i u m . r m ' a ~ l ~ " ~ n  
uJ. r~ues~i iu ln is~ul~ iuaa~f in~; ln la~u n ' i l c ip ; i~2 iua i i~amad d~udiil~?iu~wuii~n'uluriiih 
n i i r d u q n  k~un13t~uf i i is i3uuu~"auaz 0.25 i ~ i i n ~ i u ~ n u i a n d u n i ~ ~ i ~ ~ ~ n v ~ ~ ~ k ~ ~ a l ~  
~ ~ a ~ ; l i n w u i i i i ~ c u m w ~ i u n ~ ~ n ' i ~ n ~ d ~ m  

A71UV'JU Maximum 

m"?adis ~;11%1~09~3 C I T I U ~ ~  W?IULM$U? R ? I U ~ U  nhsa ~ @ a s ? u  Load (N) 

$m'anluqa.i 6.49i1.07' 6.70* 1.22" 6.5 1k 1.04' 6.62k1.04' 6.32*1.08~ 6.6811.03~ 0.21rt0.01b 



3 ." RI~IPS 14 ~ ~ U I N R I ~ ~ I ~ U U U  (CR) i~~~ni~n15di?nbbaznaiu"tlu~a"una~l~u~ua 
m"aorii3 %cooking yieid %cooking loss %absorption %Moisture 

qnmauqar 171.78*4.89~' 7.41+o.81a 7 1. 78*4.agab 39.84+0.67~ 

CR 0.25% 175.51+1.42~ 5.54+0.06 76.51k1.42~ 39.33k0.37~ 
d 

~liuenBauri?awagIan (CMC) 

ni5bGu CMC iani5uuu~uwidd5::ai~a"uka~azn'ibb5~m"luia~aiu~~~~2 (ni514-d 16) wu i i  
4 0 . )  

F i i m ~ u a ~ ~ 5 " u ~ i ~ d ~ a a 1 ~ a " u ~ a g l ~ i ~ u ~ ~ m n ~ i ~ n ' u ? u ~ i ~ a ~ ~ n " u g ~ ~ ~ ~ u q ~  un~?"udina~ugoum"iu3 

~uii~msnau~uri i ihd~rn~~az~~(i lni i~<u~ugrnsd~~u CMC iaaaz 0.5 s t i l d i i l i u d i ~ ~ i d ~ n ' ~  Zjau 

~ ; i m i u ~ ~ d u - r w u i ~ ~ ~ ~ a i u ~ b ~ n d i ~ a u ' i ~ ~ ~ u a " i ~ ~ ~ i ~ a ~ n % u ~ n ~ ~ ~ ~ u ~ a ~ ~ % i ~ ~  CMC uinuab6.u 

~ u i i ~ m s d i i n i s d u  CMC o r i i i i n ~ i u r ~ i j o a ~ ~ n i i ~ ( i l ~ ~ % i n 1 5 ~ ? ~  CMC r l i ~ i u q a n i w n i r i i q n  
Y O  Y 

uaanaiu$u (~15i .d 17) W U ~ I ~ I S L R U  CMC 1 u ~ z ~ i ~ d ~ ~ ~ u a ~ ~ 1 a 1 ~ ~ i ~ a r ~ a ~ w a w a ' m b b a : : 5 " 0 u a ~ n i ~ ~ ( i l  
$u iib~uabpl"%1~d<u %cookinq loss ~u~olmauqubbaz~m5M'Ju CMC iauaa 0.5 aar 0.75 in'ib 

4 1  6 E 2'4 urndi~~uni.rai iG ~ ~ a - u n i m i n i i ~ n 5 ~ r l u  CMC jaua:: 0.25 ua:: 1.0 n4urua~luialns~oaauud 

a iu i~n~~ui i~ ld~uaawi~w?oauu~ni~~( i l~u~ ibda~~ inauv"~n i ' i~un"u~ i~~a: :n"n~6u~iva4 'b~1( i ls  
U d  

nuanoun' ~~~ ls~~uu in~urdon~ iub .u"u .u"u~~~u  o t i i ~ ~ s n " ~ i u r i i u ' i ~ u n ~ q ~ ~ ~ u r : : ~ ~ i ~ n i ~ n ' i q n ~ ~  
u s n 8 ~ n a i u r ~ $ . r u s ~ p l o ~ l n ~ ~ n s ' i ~ ~ a ' u  ~ ~ n ~ r i i h i u a ~ ~ i i i ~ ~ i u ~ ~ ~ ~ u s ~ ~ ~  ~ i n i t = i i z ~ d ~ ~ ~ r n 4 i i  

bn5.ra?i~a~uli~~4sbb5~ (Jarnsuwan and Thongngarn, 2011) aanfl6aJ~uni78ns~laad C h o y  

bLa;nnrs (2012) i /dwaos~nl5rbbb~9~uar" ie ia~a"dbbaznlLul5  CMC r ioqrun iwua~~ iuuz~d~ . r  

d i r h ~ l l n u i i  nis~Wgl CMC ~ w a r i s ~ w r ~ r n i . r r ~ a ~ u ~ a " ~ a ~ ~ i i ~ d u : : ~ d ~ ~ d i ~ i ~ ~ d  d o i h ~ s t l u  
CMC i l a ~ . r w a 1 ~ ' ~ 8 u u ; ~ ~ ~ d i m " i u ~ a i u b ~ ~ u a ~ ~ ~ u  r b a : : ~ ~ a o l z ~ u u i n ~ u ' ~ u u : : ~ d d r ~ i b ~ ~ ~ d ~  



PI~IMOU Maximum 

n'aodid ~aiuvouil na;da n?iui~ilu? miul;iu ': n3usa lwus?u Load (N)  
b gn5R3u?u 6.41k1.07 6.38f1.19~ 6.35k1.51d 6.81f 1.31a 6.65k1.16~ 6.73f 1.22~ 0.25f0.06' 

CMC 0.25% 6.84t1.28~' 6.81k1.33~ 6.41f 1.26' 6.70f1.31a 6.73f 1 .02~ 6.78f l.lla 0.27i0.02~ 

CMC 0.5% 7.03*1.24' 6.73*1.28\,70*1.35~ 7.05f 1.31' 6.78*1.18~ 7.08f 1.16~ 0.29f O.Ola 

CMC 0.75% 5.86r1.08~' 6.76*1.21a 6.78f 1.06~ 7.11f1.05~ 6.76*1.0ga 7.1 1f  1 .02~ 0.26rt0.05~ 

CMC 1.0% 6.95+1.20ab 6.70?!.31a 6.81f 1 .22~  6.68k1.27~ 6.54-rl.07~ 6.89f 1.39~ 0.28&0.02~ 
a. b w IRIIULII~: m ~ ~ n w ~ ~ d 1 a f j ~ ~ i u ~ ~ ~ ~ ~ ~ ~ ~ a 1 u u ~ 1 n d i a n ' u 0 ~ 1 a ~ u ' ~ ~ ~ m ' ~ ~ 1 i a a ~ ~ d ~ u ' ~ u m ~ i u ~ . a ' a ~ ~  95% 

: gnsmau?ui% ~.a"bbfis.u"iaa~is"om 65 b i ~ a ~ ~ d i d ~ u ~ a ~ i l u ~ : :  25 

slir-iad 17 f i i n ~ n i i u s n B r u R a ~ ~ a a b a a  (CMC) v i o q r u n i r m m ~ ~ i ~ n ~ ~ a : : n ~ i ~ ~ u ~ ~ u n ~ u B u ~ ~ a  
h a i l 4  %cooking yield %cooking loss %absorption %Moisture 

b b 
CMC 0.25% 168.37-rO.74 6.73k0.19~ 68.3720.74 39.27k 1 .27ab 

h b 
CMC 0.50% 169.12-1-2.71 6.41+0.27b 69.12+_2.71 38 .54k0 .12~~  

CMC 0.75% 174.67i0.75~'  6.60k0.34' 7 4 . 6 7 + 0 . 7 5 ~ ~  39.87i0.15' 

CMC 1.0% 1 7 6 . 4 1 ~ 2 . 5 3 ~  7.23k0.27' 76.41f2.53~ 37.80f0.13~ 
a.h  v u uulur~?: naana~diia~uiuaiuuua~~i~a1uumni1an"~i1tii~u"u"ui916~~1aaii~ds~n'u~~1ui~0u"u 95% 

b d b 
CMC 0.25% 65.61f0.04~ -0.95f 0.01 4.1 1 i 0 . 0 7 ~  57.43+0.72' -2.04k 0.05 3.57k0.15 

CMC 0.5% 68.47*0.01d -0.91f0.02~ 4.20*0.03' 58.21k0.02~ -2.15k0.04' 4.36k0.12~ 

CMC 0.75% 71.90f0.05~ -1.04*0.04~ 4.57f 0 .08~  60.25i0.90a -2.31i0.02~ 3.36k0.04~ 

CMC 1.0% 73.90?0.013 -1.00,0.04~ 4 .16f0.03~ 60.48f0.01a -2.23f0.07~ 3.13f0.07~ 
a. LI, c, i. d, e Y IIUI~LM?: n a ~ n v ~ ~ ~ i i ~ ~ u r n i u ~ u a h a i ~ a ~ ~ i ~ m n ~ i ~ ~ n ' ~ ~ t i i ~ ~ u ' u i f i ~ ' ~ ~ i a ~ i i ~ ~ ~ : : m ' u n ~ i u ~ ~ ~ d u  95% 

: ~nsf=i?u?uio I<i i&u' i3i~ioua 65 i o  irda~udidz~a"5'aua:: 25 



&%.uH (alginate) 

a ~ w n i ~ ~ i u ~ a ~ ~ w n i a i 1 n 1 ~ ~ a u ~ ~ ~ 1 i ~ r i s s a ~ ~ i i " u ~ a ~ a : : F i 1 m a 1 ~ ~ ~ ~  (m7-i-146 19) ~ u i i  
~ ~ n i ~ u o u ? ~ w i ~ P J ~ ~ a i ~ ~ ~ ~ w " a Z i i ~ ~ ~ ~ m n n ' ~ ~ ~ u l u ~ ~ ~ a ~ ~  ~ a u i 1 ~ ~ 3 ~ ~ i u n i ~ ~ ~ w u i i n i ~ ~ ~ u G a ~ ~ u m  
%ma- 0.5 i r i ~ h d ~ n  ua~.mstRn4ouat 0.25 i i i igddqa ~ a u ~ i q o r n i a f l i s d i q n ~ ~ 8 d ~ u i ~  

dY U I  Y 

naiuvu (WIJI~ 20) ~u~ini~bigluG'a7ww~aua:: 0.5 La:: 0.75 dswal~n1souaawaw5wua::iaua~ 
n 1 r ~ n ~ u g 4 d q n  d a ~ d i ? a ~ a z n i ~ ~ ~ ~ i l ~ 6 i ~ ~ n ~ ~ ~ i i ~ m s $ i ~ n  n u i i g n s ~ a u q u u n s n i s ~ ~ u  

4 8  Y saS~uldm?ouaz 0.75 uaa 1.0 !67r%jurnnm~Gun7~afii? n~sr~uZa2~uf iTo t la~  0.75 u~7sauaawawZm 

I m 8 i ~ u a m m s ~ n ~ u - u a d ~ ~ ~ ~ ~ n ~ i ~ ~ ~ i d d ~ u i i ~ ~ v i 9 a ~ ~  a a u h  %cookin9 loss wuilrn5 $a 

i'a3um?auaz 0.5 uns 0.75 ~ d i ~ i ~ w n ~ i ~ n ' u v i ~ a ~ ~ ~ u g m ~ ~ a ~ ~ ~  n ~ r i i r i ~ n ' i n i i ~ ~ ~ d ~ ~ u ~ ' n ~ ~ w ~ s l  
%mas 0.25 kau 1.0 d 7 ~ ~ u f i u ~ ~ n a i u ~ u w u i 7 ~ ~ i i 5 ' 0 ~ ~ %  39.05-39.53 d ~ ~ ~ u t = i ~ ~ ~ ~ ~ ~ ~ u n - a u ~ u  
~niu5a~~um~~ui~w'~nrnnii~n"p1 (misi9Mj 21) W ~ ~ I ~ I W ~ I U ~ ~ I Q L L ~ : : ~ I ~ L U ~ E ] J V O J ~ ~ U ~ ~ U ~ U R U ~  

d i s ~ n i i r i ; u n ~ u ~ u q n  ~ ~ e ~ i l ~ n ~ ~ J ~ ~ u ~ d o d i u i ~ i u n ~ : : ~ ~ u n ~ ~ m ' u ~ n ~ : : ~ ~ ~ ~ ~ w ~ n n ~ ~ ' b d ~ a ' u M " i t ~  

u ~ ~ ~ f i s m r n s ~ n u a ~ l n ~ u ~ a i % i n i 1 . ~ ~ ~ a " v d i 3 ~ w ~ o ~ k a a n ~  r ~ o l ~ ~ a ~ u i o u r i u n 7 ~ a ~ a 7 u ~ ~ ~ d ~ w " u ~ ~  
T a ~ n ~ n u u ~ n n i a  ~iintLild?n<-~un:~iimni~wa~n'a a a u w n u ~ ~ n n i l ~ ~ r n i u ~ ~ ~ ~ ~ : : l a u ~ n ~ u  
~ ~ n ~ m n 1 u ~ a ~ a $ i i n 5 z M d 1 v a " o a 4 ~ ~ 9 ~ ~  ~iimlJ.a~nlariauad ~ ~ ~ u i l ~ ~ i i n m ~ ~ n ~ o u ~ n ' u ' ~ t l a . j w " ~ l ~  

.4 d l  d d  4 9  A 
~ i i ~ r r a ~ u a Q r  ( n h m 2 d  LLarInaQa, 2546) dauril a' r u i ~ u ~ i a ~ u u a u a u ~ a ' ~ 1 ~ ~ u m ~ ~ ~ n i ~ ~ a " u ~ n  
6dd~d~u1~~a~aumi~~ui~a%11~n7391"i'bel~n~~11w~ui~1eliia.5"a~a~ 0.75 ~ % a . ~ o ~ n i i i i n a ~ % i  

~~ i j uaua . r~a 'up  uaa~di~~niwni~~i~n~ni1ni5~m'uIu5: :n"u$u~au 

.. 
misir$ 19 d?ui~$ajlurn (AG) ~ a d ~ m ~ ~ a u ~ ~ m ~ d s ~ " a i ~ ~ ~ w " ~ ~ ~ ~ a i ~ ~ ~ ~ ~ ~ ~ i ) ~ ~ d u n a u ~ ~ q ~ ~  

fia'luvaer Maximum 



CY a l n d  20 ~?uir&a%iun (AGj d s n r u n i w n i ~ ~ i ~ f ~ ~ ~ a : : ~ ~ i u ~ u ~ ~ u n ~ ~ ~ ~ ~ ~ a  
m " a o i i ~  %cooking yield Ohcookinp Loss %absorption 
----- %Moisture 

qnsm-mqu 170.70+5.1 6b 6.2820.23 70.70k5.16~ 39.53+0.30a b 

3. w a u a ~ ~ ~ ~ ~ i j l a ~ ~ 1 ~ a ~ a a u 6 ; s i a n i ~ d ~ u d ~ ~ ~ ~ i w ~ ~ u n a u ~ u ~ u a  
u 5  d 3 n~uuuaGil1sa141q~niww1~el~~a1Vla qnrniwn~~M"lqn R ~ I U L W % I ~ V ~ Q L ~ U  flaluvu 

ua-n'~i;diin~s~~ua~sla~nswoaaauikd 6 aiin ~ n u ~ ~ ~ s ~ ~ a i n ~ ~ l s d ~ n = : ~ u u n i s u a u ~ ~ ~ i ~ d ~ : : a ~ w  
guri'agd u a : r i ~ ~ ~ n i w n ~ s i ~ ~ n d i i ~ ~ i a u a z n i ~ ~ ( i l ~ u b ~ a : : i a u a z w a m  d ~ n i r ~ ~ ~ i I u : l t l ~ n  
~ : ~ i i q G i ~ n i ~  uans in~~ i f l a iu i~ i ruav0~~71 'u~d1~~n11gm~f la~~qu  a i l n s n n ~ d ~ a ~ u r ~ u ~ : : a u ~ a ~  

Y W  d 

d5~1~aisla1nsnilaaau6b~maz"11~(il1n(il~~ b~wu~~wuti'uiaua~ 0.5, ri?%'u?aua; 0.75, CMC s'auas 
d " uva9 0.75, n~is iBuuuiauaz 0.25, L3~ums'sua: 0.75 ~baaw~qniaua: 1.0 &d$el5u1awau1,n 

a~sl~bnsnaaaaun'~biazaG(il~ba"a ~ ~ ~ 1 u i ~ n w i ~ r ~ ? u u ~ ~ u u ~ d a w 1 ~ ~ n v o ~ a 1 ~ \ 8 ~ m ~ ~ 1 a a a a u n ' ~ ~ ~ a 1 u  
n 

a~ui%arud~w~un~~W"~u~i~unau~u~uads~d 
w a n 1 2 ~ n w i n 1 s u o u ~ u ~ 1 ~ d ~ ~ a 1 ~ a " u ~ a  uaakiflaiu~wiua (~11414 22) w ~ - - i i " ~ i l  n a ~ u I a  

iirnaiuunndi~n'uauwi~a~n" aaud~naluawiiua n a w i u  ua~dina~uaaulnusau wui1qm4wau!u9 
~i1~1umni1~riugmsd~?u\snnsnoilnau6uiaz"11~(ila~14~~ud1~~~1~azii z iaundusawui~~ms 
~ ~ ~ ~ ~ ~ L L ~ ~ ~ ~ ~ L ~ U ~ E ~ ~ L ~ A U ~ ~ ~ I ~ ~ I ~ ~ L ~ U ~ ~ ~ R ~ I U L L ~ ~ D ~ I ~ ~ " ~ ~ U ~ I ~ ~ ~ G  daud~~~raRYiun isA~  
w u i 1 n i i r i r r 9 ~ ; 1 ~ u ~ n " 1 u n 1 s ~ ~ ~ ~ w d ~ n ~ 1 m n i 1 ~ a ~ 1 ~ ~ ~ u d i m " ~ ~ 1 1 ~ a ~ i ~ ~ ~ ~ 1 u 1 n ~ ~ 1 a a a a u 6 a ~ m ~ u ~ ~ a : :  
grsflaunu dl~?u?arnnnlsd,~nLLa:i7fla1u$u (m151dd 23) ri?<~ua4waiaqru61iwn14M"14n~ 

dqn i ~ o ~ a 1 n a 1 u i ~ n ~ 1 ~ 8 ~ a u a ~ e ~ a e r ' i m i ~ a z ~ a u a z n 1 s ~ ( i l ~ u g \ t n ~ 1 ~ m ~ ~ a u ~ u  ~ ~ a r d a d ~ i s o n r i i  
d 

%cookinp loss w u i ~ ~ ~ ~ & d ~ n b ~ s ~ ~ u u n " u ' b g l ~ ( i l ~ f l a a a a u n ' ~ ~ ( i l u  a?u"13 (mindn 24) aodi$u 



- ~73-i~b( 22 w a u a d ~ l ~ s n ~ a a a u ~ i ~ n ~ ~ ~ a u 5 " ~ ~ ~ ~ d ~ : : a 1 4 n d ~ ] ~ a 1 b a ~ ~ a 1 ~ ] ~ ~ ~ ~ a 9 1 a ~ b i i u n a ~ ~ ~ ~ ~ a  
n?iutlau Maximum 

i'7od19 naiu.troua C I ~ I S J ~ R  ~ I U I W ~ ~ U ?  fl?~u~.@ nsusti h ~ s ? u  Load (N) 
b SJn5nauqu 6.47f 1.13' 6.19*1.31a 5.00+1.67~ 5.31rt1.58~ 5.83r1.40' 5.50k1.42 0.22rt0.01c 

AG 0.75% 6.39k1.20d 6.11*1.04' 6.39i1.46.' 6.47k1.36' 6 .31 i1 .24~~ 6.36i 1.22~ 0.26*0.02~ 

CMC 0.75% 6.691t0.92~ 6.75f 1 .20~  6.64k1.44~ 6.61k1.44~ 6.61i 1.18~ 6.5821.05~ 0.25*0.01b 

CR 0.25% 6.36f 1 .27~ 6.5321.38~ 6.56k1.36~ 6.69k1.19' 6.39f1.46~~ 6.7821.31' 0.26+.0.02~ 

GG 0.75% 6.58f0.97~ 6.14+_1.38' 6.61r1.54' 6.81k1.47~ 6.58k0.97~ 6.86i1.17~ 0.31+_0.01a 
b 

KJ 1.0% 6.56f1.16' 6.56+1.11a 6.44f1.48' 7.03f1.17~ 6.69f1.17' 6.69i1.14~ 0.25f0.01 

Y D 

w n ~ d  B w a u s j l a I n ~ n s a a s u ~ F i a ~ ~ s l ~ w n ~ ~ ~ ~ q n ~ ~ a ~ f i ~ ~ u " ( ~ u " ~ s ~ i ~ u n ~ u ~ ~ ~ q u a  
%-dadla %cookin9 yield %cookin2 loss %absorption %Moisture 

~ n s m a u ? ~  171.01+_2.90' 7.97k0.42~ 71.01+2.9oc 39.61i1.15~ 

CMC 0.75% 1 7 4 . 0 3 ~ 4 . 7 2 ~ ~ " ~  7.21*0.27'~ 7 4 . 0 3 ~ 4 . 7 2 ~ ~ ~  38.78i0.35~' 



CMC 0.75% 69.55k0.03" -1.21k0.02~ 5.00*0.06' 47.80*0.01d -1.03k0.06~ 1.54k0.05~ 

~ u i r ~ i u i w " i n i ~ ~ ~ ~ ~ i z ~ / i ~ ~ s l i w n i ~ o / l " i ~ n  (cookinq quality) 6 i ~ ~ d 6 1 ~ 6 a f l a i u 1 ~ ~ u a  614 LLas 
ds:5unisuau~u~i~elszai~a"u~ava~~u5bnn 

wnmir id i  25 iJ::r~ui~~wm~D?unissu~i4"unau~uwd~msR 50 a w 1 1 ~ a d u o ~ 5 u n a i  3 

i a ~ w  60 e . r n i r ~ a d u a ~ ~ u n a i  2 iaIua 30 u i ~ '  ~ ~ a q w ~ p O  70 sra-1rrn~~saa~8unai  I $31~4 30 
- 4 ,  

uin u n i ~ s u a ~ w a w l n u a z i s u a : : n i s ~ ~ ~ u d i ~ . r u a t . i e u a : n i ~ ~ ~ r ~ u ~ i w . ~ " n ~ ~ ~ n i ~ ~ ' i ~ n n " i ~ i  

u o n a i n a u s ~ " ~ ~ i u ( . l a i u ~ ~ i u ~ i a n i a ~ n i s o u b f i ~  60 e ; ~ a i ~ ~ a ~ ~ u a r ~ u m  2 +JIUJ 30 ui; La:: 
d d 8 

? N M Q ~  70 o.rmraai8uar~unai I &IUJ 30 u~ ~ ~ ~ ~ a i u ~ ~ i i ~ a ~ i ~ w n i i ~ ~ u ~ u y ~ i ~ a ' i ~  usid 
pcu~gir 50 awnroalaatt Iuaa7 3 $alu-~ ua: 80 s.rm~aarBua~iiur2a7 1 i21u.r Zrii~r..r6iiume 
n a i u r ~ ~ u a n i d ~ n  a s w a ~ a d ~ n u i ~ u u s . !  Cham and Suwannaporn (2010) $?n"~"inis~nnaiwa 

%I - 4  8 

v o ~ n i s ~ u ~ ~ ~ d n u n s ~ ~ ~ i 9 " 1 v o d b a ' u n ' a ~ ~ ~ ~ a ~ ~ " i ~ ~ n 1 r ~ ~ u " i a ~ ~ i  $ 1 w u ~ 7 ~ a ~ i a ~ ~ ~ a i u s ' a u  60 

odfli~slar4ua r4din~iurrriiuauaztii %cooking yield a s ~ r ~ u ~ ~ u r ~ u a ~ s u n i i ~ a s ~ ~ . r ~ ~ f l a i u  
i o u  70 FI~~R~I~~EIL$UI E~?UT~IBI~D~ISI.~$ 26 ~ z ~ Q u i i  r i j ~ e ~ ~ I ? ~ u n i ~ s u ~ ~ ~ ~ i u u i n i u d 7 ~ a i u  



d 
~ i . i w n  z q m n ~ w ~ ~ ~ m r h a n w ~ ~ ~ ~ ~ r ~ m " ~ u o i a ~ ~ ~ u ~ ~ i i ~ a v i l ~ ~ i i u n a ~ k ~ ~ a n ~ a v , n ~ ~ ~ u ~ m n o i i ~ n " u  

%cooking %cooking Maximum Load 

K~oU'I~ yield loss % absorption %Moisture (N) 

7@Co-lhr30rnin 60.91f0.23' -1.05r0.02' 10.47*0.06~ 57.19rt0.34~ -1.84k0.05' 5.3f0.10b 

8@Cc - l h r  58.18*0.59~ -0.33+0.08' 11.99+0.05~ 61.5720.77' -1.69~t0.04' 5.52*0.27~~ 
a b.c,d w V 

MMULM?: ~ ~ ~ ~ W ~ ~ I ~ T ~ U . I U I L ~ ~ ~ ~ ~ A ~ I U U ~ ~ ~ ' I ~ ~ U O E ; ~ ~ ~ ~ " U B I ~ ~ M I ~ R ~ ' ~ ~ ' ~ Z : : ~ " U A ~ I O J L ~ ~ ~ V  95% 



~sa~lun~fJu iaa i  2 & h a  30 u i i  uaqolrmii 70 smi~aatBua~Bu~2~1 1 hbq 30 ui luri2 
Y 

~ ~ n ~ u w " ~ n ~ ~ ~ n w ~ a n ~ a s ~ a ~ ~ a a ~ 1 u n ~ ~ ~ u ~ a ~ ~ ~ u i ~ a ~  1c i l t rn '~wurnan~~s~bar~aa i lun~~~u~a~~~  

mriu~an'at l i i?ou (Hw) ynrrnq2 98+2 a . r~ i raa~lua u i u  4, 6 uas 8 u i f l  ~ ra rn i s f l uhhu  

lulnsnvi (MW) n'ig3ld 800 0md Inul&2iuioussriug~~9u~aai 5.7  LLas 9 uin' M ~ d i n n d i i n i r  

i L ~ 5 i z M ' q ~ n i ~ ~ k n l r w " i ~ n  613 u ~ ~ ~ ~ : L ~ u ~ I ~ u o u ~ " u w I Q ~ ~ : ~ I w ~ u ~ ~ ~ o ~ ~ ~ J ~ ~ ~  &bhanis 
w 2 

w~laa~w-~u 
.y 

e i nn1~~nw1~n rn in~a "~n1~w" i~n "~o .1~a " ' t dnau<e r~9~a~~a r " i ~ i ~~e ]d~un "an "a~~ i  irn.sri.r 

m151.16 28 ~ ~ ~ ~ i n i ~ ~ ~ u ~ ~ a i ~ u n i ~ ~ u n " a ~ i n  4 1-41; iald 6 LLaz 8 U I ~  adwa~~Fil~aEJas~l~14~n 

ub~einmsriian (%cooking yield) i j i l u i n k  ein 305.50k8.56 L ~ J U  408.57k10.08 tuhari iad 

o u d ? m ~ ~ ~ 6 0  o.rmr%ai%uartlur~ai 2 $71~4 30  ui; ua:riu$unn 343.08k7.43 ~ 4 u  
45?.30+2 75 ~ u ~ ~ s ~ I P ~ D u ~ ~ N v ~ ~  70 B Q R I L ~ L ~ U ~ L ~ U L ~ ~ I  1 $~IUP 30 1-1; L ~ ~ O P O I ~ L ~ O  

- i -u-~aai lurns~u~auin<u Jiinuaiui~nqn.a'u~hldlu~iunaukuIm"u~n$u n i r tduroa~i~ l lu  

s a u ~ a ~ . d i l d J i ~ d n ~ ~ ~ ~ i n n i ~ q i i ~ n ~ i i ~ ~ ~ u  ~ u u o l s d i a u a : m s ~ ~ ~ ~ u ~ a j m ~ v i i ~ n  
(%cooking lass) ~ 6 1 ~ ~ ~ ~ n ~ i ~ l i u o $ i ~ ~ ~ u d i d q n i ~ a i i 6  u o n s ~ n d i i r n r ~ m g u d i  

(%absorption) ~ " i r ~ u u i n < u  $- r~~u \~u~n~ ia~n 'uan"un 'u5"aua: :~ i~~n~ i2 t"4 i ] inn1~~ i~n  

11sl4d 2 8  ~ m m w ~ k m i d i ~ n u s ~ ~ ~ ~ n a u ~ ~ ~ u a ~ ~ d i ~ ~ ~ ~ ~ M " ~ u n " a n " ~ ~ ~ i s " a u  
m"aa41~ %cooking yield %cooking loss %absorption 

' 
60 C0 - Hw 4 min 305.50k8.56~ 0.97*0.13~ 205.50k8.56~ 

d 
60 C0 - Hw 6 min 361.4024.97 1.05k0.24~ 261.40k4.97~ 

60 C0 - Hw 8 min 408.57+_10.08~ 1.07+0.15~ 308.57*10.08~ 

70 C0 - Hw 4 min 343.08k7.43~ 0.88*0.0ad 243.08k7.43~ 

70 C0 - Hw 6 min 385.20k3.58' 0.95;to.l la 285.20k3.58' 

70 C0 - Hw 8 min 457.30k2.75~ 0.91;t0.16~ 357.30k2.75~ 



~1.rwd 29 ~ i i l ~ m ~ n a i u ~ ~ i i ~ ~ u a ~ ~ ~ u n a ~ k u ~ u a ~ ~ i f i ~ ~ ~ ~ d ~ k u ~ a 6 a u ~ i ~ a u  

--- d l 3  Maximum Load 
G3ia~eiia 

L" ax b" (N) 
b 

60 C0 -Hw 4 min 61.08+0.31C -1.54+0.03' 6.61+0.19 0.26i0.04~ 
b 

60 C0 H w  6 min 64.49k0.32' -1.56+0.03~ 6.63k0.05 0.22*0.03~~ 
d d b 

60 C0 - Hw 8 min 60.12+0.52 -1.80+0.02~~ 4.40+0.06 0.20+0.01 

70 C0 - Hw 4 min 65.84k0.75~ -1.45k0.03~ 7.09k0.318 0.21rt0.09~ 

70 C0 - Hw 6 min 61.46k0.81C -1.82*0.04' 4.66k0.28~ 0.19k0.03~ 
b b 

70 C" - Hw 8 rnin 65.51+0.07~ -1.74+0.05 5.49+0.07' 0.17+0.02 

M U W L M ~ :  m u 7 ~ n ~ ~ ~ p i 1 ~ n ~ ~ m i ~ i i u ~ ~ ~ ~ ~ ~ i u ~ i m n p i 1 . 1 n ~ ~ a ~ ' 1 d ~ u d 1 n ' ~ ~ 1 ~ a ~ ~ ~ ~ ~ m ' u ~ ~ ~ 1 u ~ ~ a ~ u  95% 



~ - ~~ 

60C0 - Hw 4 min 6.87+_1.28j 6.67+_1.18' 6.27k0.98' 6.73+_1.20a 6.67t1.47' 6.57k1.10' 

60C0 - Hw 6 min 6.97k1.47' 6.675 1.12' 6.20k0.92~ 6.77k1.28' 7.07k1.23' 6.47k l.lla 

60Co-Hw 8 min 6.97t1.27' 6.67k1.24~ 6.27* 1.1 la 7.23k1.52~ 6.90k1.32~ 6.67k1.18~ 

70Co-Hw 4 rnin 7.07i1.23' 6.83+1.51a 6.53*1.17~ 6.73k1.3ga 6.90*1.21a 7.00*1.44~ 

70C0 - Hw 6 min 7.00+1.08~ 6.60-cl.16~ 6.37k1.16~ 6.60k1.4sa 6.77k1.14~ 6.67k1.37~ 

* 70C0-Hw 8 min 7.20k1.19~ 7.07~1.34~ 6.20k0.92~ 6.731t1.36' 7.03k1.16' 6.8751.36~ 
a, h. c, d, e w 

MUIULMV~: ~ ~ ~ ~ ~ ~ ~ ~ I J ~ ~ ~ I U L L ~ ~ ~ ~ ~ R - J I U U ~ ~ P ; I ~ ~ " ~ ~ ~ I J ~ ~ ' U ~ I ~ ' ~ M I Q ~ ~ ~ ~ " ~ Y ~ ' U R ~ I U L ~ ~ ~ " ~  95% 

oinnisidd 31 u a n ~ ~ o l n i w ~ k n 1 t - i i ~ n u o ~ ~ ~ u n a u ~ u ~ u a ~ ~ ~ i ~ 5 o ~ d d i ; u ~ i ? ~ a ~  
blmariwuii  %cookin9 loss ue.r~hdciiuniau 60 asai~aa~~uauariiuh6aululn=i~ad$ 
srtl:~2ai 5 uibiiriididqn u m n ~ i ~ ~ u d s : n ' u ~ u e ~ i i ~ ~ u " u a " i ~ ~ w i . r a ~ ~ ~  va-~AuuGkc.iiuniseu 

Q 1 I 4 
70 o ~ n i ~ a a t 8 u a ~ ~ a z n i s d u G a ~ a ~ ~ u b m = i ~ a ~ d ~ ~ u z ~ a a i  7 LLR: 9 uin umi %cookin$ loss q4n4~1 

Y A ' 4  ~ ~ p l n i i ~ n ' u ~ ~ r ~ u ~ o $ i ~ i ~ u B i n " ~ ~ i ~ a i i ~  v i c u ~ u a . r o i n ~ i ; u d w i u n i ~ ~ u n " ~ u ~ ~ ~ ~ ~ d ~ ~ n i i d i d  
n issu~wuaono in~dua i idsam~fa  d ~ ~ ~ m ' o b ~ . s s a f " i a ~ a " u ~ i i n n i s ~ ~ u t l i u ~ m ' u i n n n ~ i ~ d u $ o u ~  
? c u ~ ~ l i d i i  ~ i ~ ~ a n i o M ' ~ i u n s n ~ ~ i ~ ~ ~ ~ ~ ~ i ~ n i = i ~ l ' i ~ n r i ~ . r n i ~ ~ a u  w ~ d & . d n ~ ~ a i u i u i a u  

luIns~?ri Y Y n i s i ; u ~ ~ ' s a n i ~ i i l 6 1 a " u n a u < ~ ~ n ~ n n R i l z n h u r i u m r ~ ~ n " ~ u 6 i ~ ~ o n  ~dassuz~aai 
u i n h  bl ' iJ%L~n~l4~~i 'and$Q$~ szuiu$i~riianas n?iuus.rlunis~~an~$u~u rilld~i?u~iinni=i 

~ i i u ~ i ~ ~ ~ u l n n i l d . r w a ~ n ; i b n " n n 1 s ~ ~ b ~ ~ ~ : ~ a ' i d n 1 ~ d i ~ n ~ d n " 2  d?u %cookinq yield wu~ili!u$ 
era, A $  

w'iuni=ioudi?uqturnpi 70 odfii~aa~dua ~~a:iiuhn"aubI~=invJ=i:u::~aa~ 9 uivl uniminqn 
umnviiaii~niodia~u~ adi~iiCuhnil(nidaiiR ~ . ~ L ~ u I ~ J ~ ~ % A M I P L ~ u ~ ~ " u ~ I  Omabsorption wailin 

$ 9  

n i s ~ n ~ i ~ ~ n n ~ u ~ i e t d o ~ ~ i ~ ~ n n a i u ~ i u i ~ o ~ u n i s ~ n d i . s z ~ i i . r n i ~  ~ ~ u d d i ~ ? i u  
d 

~ d u ~ w ~ u u i n n < i ~ ~ s ~ a " u ~ d i u n i = i a u ~ ~ ~ ~ " , ~  70 a.mi~rm~~ua ~ : i i p l a i u a i u i s o I u n i ~ ~ m i i ~ ~ ~  

n i i ~ ~ a ; n a i u ~ u u s ~ u o ~ ~ i $ ~ ~ a n = i u " ~ a i ~ n i ~ n  ~ilii~Au~iinmiu~itutliu w~~i?uds:iln'sniwlu 

n i s n n ~ i ~ ~ o ~ n ~ ~ u ~ ~ ~ ~ ~ $ a ~ ~ u ~ z ~ ~ ~ a a i n ~ s ~ i 4 n ~ ~ ~ ' i n ~ u ~ i ~ u b a " u ~ ~ f l a i u ~ ~ ~ ~ i ~ ~ a d ~ ~ u ~ i n  

iqn zi~ur~udciiumsau~~p~"~d~a't9~~ 60 ocfiiiaat8ua w u i i u u a ~ u ' u i a u a r w a w ~ n ~ i i ~ ~ ~ u ~ i a  
uY d 

~du~aai  ldaiilaaLiinPin~natu:~~sda~"iavod~a"unau$u ~ u u ~ u o r i i u i c i i u n s ~ ~ a u n i s ~ i ~ n ~ ~  - d #  
a i u i - r n n n ~ u ~ i u a r a ~ e , a l 6 5 " a ~ a s ~ a ~ ~ m ~ i ~ a ~ n l i i ~ a " u n a ~ ~ ~ ~ ~ i u n i s a ~ ~ ~ G ~ ~ 9 ~ ~ 2 ~ d a ~ n ~ i  

k ~ u i r : w u i i q r u m w n i ~ w " i ~ n ~ o ~ ~ a " u n a u ~ u g u a d ~ d i ~ i ~ ~ d d k ; i u n ~ ~ u ~ u n i = i d i ~ ~ ~  60 o4.1 

~aa~$ua s:unaainisiiqnuiu 5 uiR a~walG;?arnwnisiiqn~d~m 



WISIP~ 31 q ~ m ~ ~ ~ 4 m 3 d l l l n ~ a 4 ~ a " ~ n 2 ~ ~ u 9 u a 8 d a " i ~ ~ ~ 2 d ~ ~ u m " 2 ~ a ~ ~ u b ~ 3 ~ 2 d  

h a i l s  Ohcooking loss Omcooking yield Ohabsorption 

60 osfliblprab!ua - MW - 5 min 8.64k0.78~ 257.37k3.1 la 157.37rt3.1 la 

60 a ~ f i i b ~ i a b + ~ a  - MW - 7 min 10.21 t 0 . 0 5 ~  266.91k7.02~ 166.91k7.02~ 

60 osfiibgab!ua - MW - 9 min 11.94*1.07~ 270.02k5.85~ 170.02rt5.85~ 

70 ~4filb?iab!f~a-~~-7 min 16.1 1k0.24~ 258.69+_8.~4~ 158.69k8.84~ 

70 ~ ~ f l i b q a b % ~ a  - MW - 9 min 16.28rt0.70~ 241.39*6.20b 141.39*6.2Ob 
a. b. L, d, c Y 

MUIULV?: ~ ? O ~ r ~ s ~ ~ l 4 n ' ~ n l U L b ~ 2 ~ 4 ~ ~ 2 l ~ ~ ~ ~ ~ i l 4 n ' u i 3 ~ 7 4 ~ u ' ~ d l ~ ~ ~ l 4 ~ ~ m ' M " 5 : : ~ ~ ~ 2 l 1 ! L ~ ~ u " ~  95% 

s i n m i m i  32 ~ i i l v a ~ ~ i ; u n a u ~ u ? u a 6 ~ ~ - 1 1 ~ 0 ~ 1 ~ ~ i i u m " a ~ a ~ ' 1 o l 1 ~ 1 ~ ~ a ~  wuiiigunauZud LY 

auMdpm~?ii 60 s ~ m w n r 4 u a  ~ ~ n s ~ u h ~ 9 u 3 a u : n a i  9 u i ~ i i f l i ~ ~ i u r r i i ~ ~ i ~  d2u~~un2uG'u  

i l c i i u n i 3 a u d  70 s.lpl iraa~iiua ~ ~ a a A u h ~ i J u ~ s u a n a i  5 u i i u ' d 1 ~ 2 i u a i i . r ~ d q m  di~?ufli8 
N 

I ~ u a w u i i  i i d i  1.28-1.85 ~ a z d l l / ~ ~ ~ a ~ w u i i b i u n a ~ ~ u ~ a u ~ ~ t l l w ~ i i  60 admLgaL&Ja uaa  

s a u n a a i r n s i i u h  5 u ~ ~ ~ d 1 ~ - r u m n ~ i d ~ i n ~ ~ 1 s ~ ~ a ~ i d ~ ~ u ~ i m ' ~ ~ i ~ a ~ ~  u o n u i n d ~ ' d n u i i r i ; u  

nau$udaud  60  a4m~1la~Bua u n a 2 a u ; ~ a n i n i s G u h  7 u i ; i ~ ~ i i l ~ i i u ~ h d ~ a w n d i . t o r i i ~ ~  
Gud16&vi~aGR n r i a u ~ i a s ~ h ~ n i ~ n ' ~ " ~ ~ ~ ~ a " ~ n ~ ~ ~ u ~ u a ~ ~ d i ~ i ~ ~ e l ~ ~ ' ~ m " ~ n " ~ u ~ u b m ~ ~ ~ d ~ u i i ~ a " u  
n2u<udci iun i*aur~p; iG~ 2 ? N M ~ O L ~ ~ J ~ ~ I R U . ' ? ~ ~ Y U ~ L ~ ~ I P ~ I ~ ~  ijuuJGunna.r$ss:us~aa~Iu 

, "  I 

msGuA~3uu'u ~~ i~u l i i in~u 'a~dus:uz~~a i~un i~n"um"~uin~u  d3lnar~irnui.ioan-rnn~3-;vi1-r 
a a u d ~ z n o e i b u ~ 5 u l n " u i n ~ u  f l ' i ~ w " ~ a i ~ ~ ~ l ~ r ~ s ~ ~ ~ a I ~ ~ ~ a i 1 ~ n i u 2 ~ ~ a " ~ ~ i i ~ n 1 ~ ~ u m ' a n O ' ~ ~ a u a ~  w?a 
i;flaiun'iupian.nubp9~uaiiad a a : w u i i ~ ~ u n a u ~ u d a u d ~ ~ w ~ ~  60 e.rdirplab~uar:usb2aini$ 

4 - 1  9 4 -  $ 
3uGa 5 UIM ~ f l i n i s ~ i ~ $ a n ~ i u i ~ ~ u a ~ . r d ~ r n  ua  Wi in~1uumni i~ r iuw1~aomn9~w~au~~~a ims  
;u$a 7 u i $ u a n i ; u d u  70 a ~ r n ~ ( m ~ ~ ~ a ~ a : Z ~ m " a d s ~ u s ~ ~ a i  5 uiR 

dlii 
m"?n i i~  Maximum Load (N) 

L a* I=* 

60 a~a la l p ra i 4ua -~~  - 5 min 62.73rt0.62~ -1.28+0.04~ 8.10f0.12~ 0.30rt0.01a 

60 a~mi~laabdua-~w - 7 rnin 62.33k0.57~ -1.851t0.04~ 4.20k0.16' 0.28k0.01ab 

60 a ~ r n i ~ % a b ~ u a - ~ ~ - 9  rnin 58.77k0.28 -1.281t0.09~ 7.46k0.08" 0.27k0.03~~ 

70 a~ f i 1~aabdua -~~ -5  rnin 66.641t0.04~ -1.47k0.04~ 6.25rt0.09~ 0.29+0.09~~ 

70 aa f l l b%fa~~ua -~~ -7  rnin 62.351t0.24~ -1.84k0.05~ 4.811t0.03~ 0.261t0.02~~ 
- - 

70 aaaialpra~~ua-~w-9 rnin 62.41k0.58~ -1.69k0.02~ 4.991t0.1ad 0.22+0.07~ 
a. b, c d. e u w 
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n i ~ u ~ ~ i ~ i l u ~ ~ u ' m a ~ m ~ i ~ u ~ m u ~ ~ ~ w ~ ~ " ~ a ~ ~ i a m ~ ~  k~un in i inLaa insauva.~~ i r 'u~~uwni i~  

nir ann~a 'u~r iu~ iu~bn i3w" rswu i~~m~f l l . n '~ :~~ i ; l 9d ib~0~da inbkm~~~~~~ i )1ud~~~~PI 'b '~1  nuii  
u~~~a8~eud~un:f;u~~n'a~ni~n"uluGi1~il~~n~a~rii~ak~;u~~iruuali~dirrs~1~ni0~aiu 
b ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 i 3 l ~ b d ~ ~ 1 b a " ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ b 9 ~ d ~ ~ ~ 9 ~ i ~ ~ L b w ' ~  i 1 : 1 8 ~ n ~ ~ a ~ n ~ i n ~ n 5 4 a i i 4 v a 4  

~eauesaoiig ~ m ~ b s ~ a s ' i ~ ~ ~ a o i a b ~ ~ n i ~ ~ u ~ a u ' i ~ ~ ~ n n i s a u  n ' i ~ ~ n i ~ ~ m d ~ ! u u a ~ ~ ~ u u u " ~ d  
t u ~ ~ - ~ n ~ ~ ~ u ~ ~ i ~ I b i a u ~ s ~ ~ g / i ~ ~ ~ u f i a u d a ~ ~ ~ M " ~  u a ~ r i ; a ~ i n n i i n ~ s t ~ ' ~ ~ ~ i u i a u c A u ~ ~ u ~ ~ a ~ ~  
~dF(uuada~iw~iaau"ua4~Smaw iivd=i~ ~ n ~ i i ~ ~ M % ~ ~ a i u ~ ~ ~ u a ~ ~ ~ r n u i u d a  ~ir'uluiqGmiu~~Jua 
amaq (nuaqwu' ~m:%~t%ry, 2544) ~ f l u a o n f l ~ a ~ n ' u n ~ s ~ n ~ i ~ t l d n i ~ n l ~ w " i ~ n ~ ~ " v ~ ~ i ~ i g i b ~ ~ ~ d  

~ m u 1 ~ ~ ~ n a d w u i i n i 3 1 ~ u ~ ~ ~ b a ~ u n 1 3 w ' i ~ n ~ ~ ~ d i 4 ~ 1 L ~ a ~ d ~ 1 % ] i ~ ~ ~ " i 1 w ' ~ ~ ~ ~ ~ b i ~ ~ u ~ ~ b f a  

ni in id~~i?ou~unisd~pn ~11d~ rns~ i i n~oa i8~u~ 'ua~v : :~~~4d ib f i l ~d  (Cho et 0 .  2010) 
2'" 4 

u a n s i n u u a r r ~ i u i < ~ s ~ i i ~ a a i T u n ~ ~ M " i ~ n ~ d u n ' a u ~ ~ u a  0. 5, 10, 15, 20 ua:. 25 uiq $ a ~ i u  
d.4 r r:u:nai~urii~nuiniuwaiuBu~a~~~u~au~iuan~~uuu~a maiun~uiso~uni.r~m~uiiua=:nis 

W d 9 '  " d 
w n ~ ~ a n ~ w u ~ u ~ u a ~ a a i ~ u n i ~ ~ ' i ~ n u i ~ d u  n i ~ ~ ~ n ~ ~ a i ~ u ~ ~ u a ~ ~ u ~ ~ ~ w ~ n i ~ ~ m ~ u d i ~ s ~ ~ i ~  

3 
m s ~ i q n ~ ~ a ~ l d ~ i w a ~ n ~ ~ a 8 u ~ a ~ ~ a ~ 9 ~ s l i ~ n ~ a ~ u d ~ ~ ~ i u ~ a ~ n ' a u ~ ~ u a ~ ~ ~ a i n n i s m ' u  uanainu 

3 f i w ~ i ~ n a i u u ~ u ~ u a ' u o ~ n ' a u ~ n d u a a ~ a ~ b ~ ~ ~ a a i ~ u n i ~ n ' u ~ ~ u ~ u  ( ~ a i  and Hwanp, 2004) 

l f l ~ ' i 2 ; ~  

6 0 o ~ f l i l a a b ~ u a - ~ ~ - 5  min 7.272 1.28' 6.90+1 .27a 6.80f1.54~ 6 .4321.57~~ 7.20f1.24' 6.97f1.38~ 

~ o ~ J ~ I L ~ ~ L ! u ~ - M w - ~  mi" 7.23k1.19~ 7.07k1.28~ 6,90*1.30a 6.63k1.07~' 7.07f 1.34~ 6.80k1.16~ 

6 0 0 ~ ~ 1 7 b a a l ~ u a - ~ ~ - 9  min 7.23k1.28~ 6.97*1.40a 6.63k1.38~ 6.17*1.18' 6.97k1.56~ 6.93k1.36~ 

70o~p17~aal+ua - MW - 5 min 7.03f1.07~ 6.801t1.30~ 7.30f1.26~ 6.60+1.16~' 6.97k1.35~ 7.13f1.31a 

7 0 a 4 n l ~ a a l ~ u a - ~ w - 7  min 6.83+0.913 6.83+1.15' 7.17k1.23~ 6.97f1.16~ 7.00+-1.08~ 7.03f1.22~ 



m"aad14 %cooking loss Shcooking yieid %absorption 
b 

60C0 - Hw 4 min 0.97+0.13 305.50+-8.56~ 205.50*8.56~ 

ab 
60C0 - Hw 8 min 1.07+0.15 408.57k10.08~ 308.57k 10.08~ 

70C0 - Hw 4 min 0.88k0.08' 343.08k7.43~ 243.0827.43~ 
b 

70C0 - Hw 6 min 0.95+0.11 385.20k3.58' 285.20k3.58' 
b 

70C0 Hw 8 rnin - 0.91k0.16 457.30k2.75~ 357.30i2.75~ 
h 

CM HW 4 min - - 1.29+0.1 7a 149.73-tl.56~ 49.7321.56 
h 

CM - HW-6 min 0.93+0.07~ 154.85&8.8lt, 54.8528.81 

CM-HW-8 min 1.04+0.05~~ 171.98k2.07" 71.98*2.014 
a.b,c.d,e.t,e.b u 

MIJIULV?: n ? ~ n w ~ ~ i l ~ ~ u n l u i ~ u a ~ ~ ~ ~ a 1 1 1 1 ~ ~ n o i l 4 n ' ~ a r i l ~ ~ u " ~ d l ~ " ~ ~ ~ a ~ ~ n d 5 : : ~ ~ ~ ~ 1 ~ ~ ~ a ~ ~  95% 

.I 
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rd iuurAuu~~Gm~~sn'wi~ni~n ' i  wuii %cookin9 loss r i i a r ~ u u d r s u z r ~ a i n i s ~ u ~ ~ r i u ~ C u  

Y Q I  

r ~ u a r ~ ~ w ~ ~ n i s n i u ~ l i ~ ~ n a ' ~ ~ a " u ~ ~ i u n i ~ ~ ~ ~ ~ ~ ~ ~  60 il-rm~aarBua ua- 70 s-miraar$uil 
-2'4 

nirrd~i'u ~uauada im~~~ iun i5~un"2m"7u~ubm5b7~a~b i imn15~~0m~~u~b~d  uhr~unidnis6il% 
Y d w  

szuznailun~~F;uhu'auw'ilGra"uI~qn Grr8.r ~des~1oriiuiiumuuanwm::u8~rrazr~~uuin G~.?IJ 
d 

5 . - u r n a 1 ~ ' ~ a l u n i s l i u ~ ~ i d u ~ n ' u ~ ~ u r i u ~ 8 u n ' ~ $ i ~ 3 u ~ d ~ . r ~ i i m n ~ ~ s ~ ~ ~ . l u l t i u ' i l u n i i  usiruil 



- - -  - 

klo419 %cookin? loss %cookin9 yield %absorption 
-- 

6009 f l i~~1a~ t iua  - MW - 5 min 8.64k0.78~ 257.37k3.1 ld 157.37+3.11a 

6009fllb671ab&~a-~~ - 7 min 1 0 . 2 1 ~ 0 . 0 5 ~  266.91k7.02~ 166.91k7.02~ 

600~fl~b671ab&1a - MW - 9 min 11.94k1.07' 270.02k5.85~ 170.02k5.85~ 

7009~17~671ab&1a - MW - 5 niin 13.5320.27~ 260.90+11.32~ 160.90+11.32~ 

~OO~~ILYI~L&J~-MW-~ min 16.11k0.24' 258.69+8.84a 158.691t8.84~ 

70o.~flib'dab?1ua - MW - 9 min 1 6.28*0.70a 241.39rt6.20b 141.39*6.20b 

CM MW 5 rnin 
f 

- - 5,6920.42 155.43k7.90d 55.43*7.90d 

CM-MW-7 min 7.82k0.48~ 167.8424.99'~ 67 .~41 t4 .99~~  

CM - MW - 9 min 7.65k0.37' 174.16+4.1lc 74.16rt4.1lC 
a, b. c. d, e. + 

MUIWLM~: n ' ? a " n w ~ ~ ~ i 1 ~ n " u n i ~ ~ ~ ~ a k ~ ~ ~ a i u ~ ~ ~ 1 n ~ i i ~ n " u 0 d i ~ ~ u " ~ d i ~ " ~ ~ i ~ a ~ ~ ~ ~ ~ m " u ~ ~ i ~ ~ ~ a u " u  95% 
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uu?n3wTuniu~u~hnau~u~ddn~u2~dd~unisoud1~wr?u'  70 aa f l i ~ .naL~uaos~na~uwqu  

u_llnniiri5un?u~u~~-691~io~d~~j~'tdn~4~u~~616~~~ 60 ~dmislakqun i ~ a i o o a r i u ? + a ~ r i u ~ 6 1 6 ~ ~ ~  
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n l u < ~ ~ u a d ; - l h r ? 9 ~ d $ o e ! d ~ a ~ ~ ~  70 o.rairaar!uaiidicpiid 60 n.sf l~i0nr~ua6~lu r ia tx iu 
d ~rr;isw1~n1sn"7 niww 3 (a) wui7L~uila~~uimb~nni1bb~ibfls~a%'7~iini~~n7U'm"an'u~bdu11a::~~07n7n 
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an: Tzia (2012) ~ ~ h n i s ~ n a i ~ n ~ . r a ~ i d ' ~ ~ a ~ v u % ~ ~ n ' n b l i l u n i s ~ ~ i i u  Dietary fiber wuii l d a d u  
3 Y 

Dietary fiber u i n f u  aaGilGvu~mua . r ~ w ? u I ~ ~ u i n v u  i ~ a : d ~ w a ~ ~ ~ i ~ a i r r a i 8 1 i s ~ ~ u n i ~ ~ u s d " i  
(Water holding capacity) ~ ~ u l i i n $ u n ~ ? u  

D 

d i w ~ u n 1 s 3 m s i ~ ~ ' o ~ n " ~ ~ i : : n a u ~ i ~ ~ ~ Z v a ~ ~ ~ u n a ~ ~ ~ u ~ u a ~ ~ ~ ~ i ~ ~ i l ; d  w u 4 i l u ~ ~ u n a u ~ u Z  

d ~ ~ l ~ ~ d ~ ~ ~  161 ~"UU W~IU& L l a ~ P l i ~ ~ \ ? ~ b ( i l 5 ~ ~ ~ ~ ~ 1 : :  6.02 0.27 0.32 0.32 9.85 14.3: 
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