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Abstract

This experiment comprised of 3 parts. The first part aimed to determine the physical and
chemical properties of protein-enrichment-quick-cooking-sticky rice by varying soaking methods
(soaking gelatinized sticky in fluid milk, soaking non-gelatinized sticky rice in fluid milk and heat
with microwave at medium power for 5 minutes and soaking non-gelatinized sticky rice in fluid
milk and heat with hot steam for 30 minutes) in order to enrich cow milk and goat milk into
sticky rice. The samples were dried with hot air oven and the optimum time was investigation.
The properties of protein-enrichment-quick-cooking-sticky rice were examined before and after
process. The second part was study of the physical and chemical properties sensory
characteristics and antioxidant property of milk-enrichment-quick-cooking-sticky rice flavoured
green tea. The experiments was varied the ratio by weight of milk powder per water of 12.5:100,
25.0:100 ey 37.5:100 and varied the concentration of green tea of 0.44, 0.88 and 1.32 %,
respectively. And the third part of study focuses on the physical and chemical properties and
sensory characteristics of quick-cooking-sticky rice flavoured yoghurt. The experiments were
varied 2 varieties of sticky rice namely Sanpatong and RD 6, varied 4 ratio by weight of sticky
rice per yoghurt (2:0, 2:0.5, 2:1 and 2:1.5) and varied 2 types of yoghurt (fresh yoghurt and dried
yoghurt).

Soaking methods had a significantly different effect on the color value of dried protein-
enrichment-quick-cooking-sticky rice (p<0.05). Soaking non-gelatinized sticky rice in fluid milk
and heat with microwave at medium power for 5 minutes showed the highest whiteness value (L
value) of sample. Dried samples contained moisture content in the range of 3.6-6.5 % and
contained the water activity of 0.15-0.3. The sample of cow milk-enrichment-quick-cooking-
sticky rice had a higher chroma value and more yellowish color than the control sample. Cow
milk-enrichment-quick-cooking-sticky rice composed of higher protein, fat and ash contents than
the control (p<0.05). The sample contained protein content of 9.2-10.9%, fat content of 4.0-6.9%
and ash content of 0.8-1.3. Whereas the sample of goat milk-enrichment-quick-cooking-sticky

rice had non-significantly different of protein content when compared with the control sample.



The optimum drying condition for milk-enrichment-quick-cooking-sticky rice was drying
at temperature of 100 degree Celsius for 3.5 hours. The sample from RD 6 variety, soaking in
green tea and cow milk at the ratio of powder milk per water per green tea concentration of
37.5:100:1.32 showed the highest antioxidant property and acceptability test (p<0.05). The
inhibition of DPPH and the total phenolic content of the sample was 92.51+1.28% and
10.23+0.09 milligram per gram of sample, respectively.

The optimum drying condition for quick-cooking-sticky rice flavoured yoghurt was
drying at temperature of 100 degree Celsius for 5.5-6 hours. The sensory acceptant score showed
that the weight ratio of sticky rice per fresh yoghurt of 2:0.5 got the highest score. Whereas the
acceptant score of the sample which used fresh yoghurt was non-significantly different when
compared with the sample which used dried yoghurt (P>0.05). Texture characteristics of
reformed samples among treatment were significantly different (p<0.05). The sample which used
fresh yoghurt had higher cohesiveness, hardness, gumminess, chewiness and springiness but
lower adhesiveness than the sample which used dried yoghurt. The approximate analysis of
reformed quick-cooking-sticky rice flavoured yoghurt showed non-significantly different of
protein and ash content when compared with control (P>0.05). Protein contents of the sample
which used fresh and dried yoghurt were 6.10 + 1.68 and 5.85 £+ 0.96 %, respectively. Whereas

the control composed the protein content of 5.78 £+ 1.09 %.

Keywords : quick-cooking-sticky rice, green tea, antioxidant properties, cow milk, goat milk,

yoghurt, hot air drying
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Talsau (n5y) 7.0
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Y 1
oo (NSY) 0
i (AFY) -
= A a o
Ayl (Uaansy) 12
Woavesd (Waansy) 46
< A a o
wan (Waansy) 1.3
WU (HUIE1N9) 0
a a = a a v
MWNUUY 1 (Waansy) 0.06
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2.3.1 unln

2.3.1.1 @ szpoumaniiveaun (Walstra ez al., 2006)
1) TalsAuum (milk proteins)
daInguar TulsAuunilszneudlonsaezii Tuninnai 150 wine autiavesTUsau
dgj L% = d' L} . 0911 d'Q

unINednunIaozl lunlsznaveyluluana (molecular configuration) 3347352 NHIVD
Turanaenany TsAuuuluanmueaiuug (helical coils) HAUUDDETE (random coils) H3 0
I ] I ] o ]
WUHUIY (pleated sheets) 130019921 Hu Inssadwnates uvegsiuiuTdsauuuig

I U J
pomlu 2 nau Ao AT (casein) wag lsaund (whey protein)
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.1 g duTlsdunduaszivuluaemihvuraztuTlsdunilsznasosas 85
= anJ = 1 4 . 1 o 9 =)
Yo Tsavuuiarng wduegluanimvodlumwad (micelles) uaaz luraalsznoudlondn
wiia woarh-od (OL-s) wé (B) natlih K) wazunun () Tudwauiuanaisiu ) et ld
dz 1 Y a9 = . I
uwved luanalinaua 10-3,280 a1 lumaalina15zuundu (casein system) (Hu lnaln-
4 1 o 1
Woa Tvl-11/s@u (glycol-phospho-protein) 1ii9991n15enoURIB@MVBINS 1u'lainsa HTongu
[ 8 I 1 { o 4
Inalna (glycol group) uazeaesaduiludiudsznovndvnuosldsau luwaduos
~ I ~ [ = 1 ~ Y .
mc]mfnzﬂimgag“luamwwamaﬂumqyumumazmﬂ% (soluble casein)
= L : = va s v I o T
wdu luad lhuliauiaduaeascsantianuzilueoyniansanauuaz daeglu
A = = A ' ~ ~ . . v J
ANNUDIUNADUADLFYUIUTINIT UAALFIUIABIUA (calcium caseinate) l,maz"lmcuaaﬂimau

Y
4 Y L [ [
Mgosfszneuninuaveundu Ae O-s, B, K uaz y Tasszegiununuunadouroma

[ qej == n Y [l 3’ 1 a3 d’d’ ]
asiunadudehildegluanmvesansazaeliniun uailunoasssaiuaiuacsegansanal
[ [l = 1 A A I 4 1 [ 1 v 9
dasrdvounsuuaazsianlsznoudu lusadazuananiuesn il wui mnnndeeay
4 a 1 [} 1

50 vo luwadilsznoudrunduaiaai q ludasdm 3 o-s: 1-B:1K:0y  umhhaadu
= d' o @ a 4 ~ 1 o [y} 1 ~ d‘ ) ]
Hunumndaglumsmad lagndu dauas T'lamsamznudiuveslUsauidumrises
=\ = = 4 = 1 [ a d' :I

13 Totiuuazrosy  lumadveuadulvinauanarenutazalsnainuluszumihuuuaaslu

=
MTNN 2.4

a ¢ v A J
M9 19N 2.4 Gllu']ﬂell@\?]lul“]faallagiaﬂa$WWU1uu1un

vinaluTnsmag) Zowaziiny
21-40 17.9
41-80 44.0
81-120 28.0
161-200 2.7
201-240 0.9

17 : Walstra et al. (2006)
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' s w o
pgaluvedlumad  dnvazlassadvvedluwaddeluanaves  P-nduiilassad sy
Fuae (threadlike structure) Tﬂmm'aﬂnmqmmmzﬁué’hﬂﬁuﬁg end-to-end apolar bond
Tassaauududevasensnadasy vsnavedlalalnia (lyophobic) Ol-s ATUILLAL
=~ 9 A . 9 =~ @ = 1
B-Lﬂ“]fuﬂjﬁl apolar bond %39 lyophobic bond §aN18 K-AFUILINIZAY Ol-s AU Tagdau
§ 5 <. {2
OL-s taz Prndu et 19 luwadil Tnseadeiudaus
= =\ o 1 9 4 va =~ 1
upaion losouliunumdinyee Inseaiwves luraanaoaruauinvoundu  15u
] = Jd 1w 1 A A Y . = ]
AN gy luadniiy 143 uamdunazais]la (soluble casein) UAMUHUIUY
Wed 1.37 MITINAUUDUATU-AAIFEN WoatWa (casein-calcium phosphate combination) ANy
g} oaj ~ 1 I a 9 = = A
TusihuiuEen Wuas¥atouuo A adoAFIua (calcium caseinate complex) ®39H13
adouvenaFeuATUa-unaEeuomWa  (calcium caseinate — calcium  phosphate
complex)
d g a { 1 [ [ [
(1.2) TlsAung WhuTlsduriianiinnunuaensa ua linuasanuieuw Msmave-
v
4 o a [l 4 [ 4 YY)
IsdunsgiTsAwnamadeanwllundi Tdsaulundlsznoudiomdamles duiu
: o - o 7o 2 . .
e ldsuanudeudvyamenczinaais lalasnuda ldai Iduniinausauudn  (boiled-milk
A g} d'S/ ) a I dy A a o s A 9 o
flavor 1150 cooked flavor) 1UNNADINMTHIN WA UUNSoIMToNARA N NNEIVRIN
dy a A do I 9 ] 9 ~ a = [ qgj a A 9
1FAUNTIIUTUADIHUANVTOUNYUNYT 82-88 DIAUFAITEA AIUUILIAANAUTAUNAY
(Y P [ 9 =\ wva g [ a Aaaa a o A
wgamesn lhasarudeuliauiaduansilosiumsnaljisoreensaduiiugan (strong
. v o a o ¢ Aa @ s a A 9 o o N
antioxidant) AN UNANNUNUNNTa1TUsenBUFANTFIUNALDIINANNTOUNY  JnazNa
A ~ < 9 A aaa a @ = 4 9
msnlasunlaauiissdnieaiionnilfnsseendmdy  TiUsaundlszneuatouar-uanla
Tnayiiu (B-lactoglobumin) $e8az 50 wazmoavh-tanneayiu (Ol-lactalbumin) Sovaz 12
> A A a 3 v o M s A
s 1sauaulullsuaanios aasnrumsaarasninzas (cell-leakage products) DN U-
a P < 1 o Y
Tnayau (immune-globulin, Ig) wagtou land iHudu Tusaundinuiiaai
a I P [l 4 { 091 @
o wg-uanlalnayiv iy Tdsaundiegluanimvedlawes (dimen) iidmin
1 4 a ] 1 4 [
Turanadszunat 36,000 uaazidunl Indazlingaozi Tu 130 wie uaaz lawesvslidnyay

<3| v a o Il oy o 1
Lﬂuﬂiﬂﬂai\lﬁ@\i@uﬁﬂﬂu vl,ﬂLll?Ji(vl,ll€‘1$a'lEJGl‘L!‘L!'lﬂaul,ma$a1ﬂiuﬁ1§a$a1ﬂlﬂ§m$@i}N!’;ﬂiﬂiﬂ

=\ a dy Yy == [ = [ csy 1 =
anaznou TUsausiail lasrsuunilFeudamanazuey Tutlsusama vonaninuii Tilsau

9
a AA v

< J 2 Y Y Y = o o 1 A
%uﬂunaﬂﬂm&ﬂuﬂ@aa@ﬂﬂllam’ﬁﬁlf’fﬂWWﬂ’JEJﬂ’JHJi’E]uvlﬂﬂEJiJUTI‘UTVIﬁWﬂQ‘J@ﬂﬂﬁuiﬁﬂlﬂ\‘i

Haaf Y ZIANMAT (fluid dairy foods)
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[

a I { 4 1 1 v
o oavh-uanneayiu wWulsauntidamesdszneveguinninluadud 2.5
vy ) A g 2 A A ' ~ <
aunsoanaznou laalteanudeuluannziilunsagadiniiter 4.5 lunyTnunadoniu
! 1 = =
drulsznevedmuoulunduy
a a 4 ] I
o duyulnayaunvilszanuiosas 10 voalusAund ntiseeniluigM, IgA, IgG,
I { ] a 1 a a V=Y
uaz IgG, HuTdsAuinuluTaaeadu (colostum) lufsnmneudnegs duyuTnayduiiauia
o J ' 4 < o . o &
Wuneudved (antibody) nunnludruveuderuda luiiuilullsauiausadudnis
a Aa =~ g} a
RIYVBIYAUNI I luThunAL
Ay o Aa A . = FY v a A A o A
®  ¥IUDAVIUU (serum albumin) Honvarndieoalluvesysuluden (blood serum)

Y @ Jd a = ! A : ' J
“]J§$ﬂEJ“]Jﬂ’JEJ“]faL”I/\lﬁ]ﬁE]Qll1ﬂi]$!ﬂ@’Iﬂ'liL’dﬁl’ﬁﬂ'I‘WVI,“]J°UN’d’J‘LlLiJEJu'IuiJN'IuﬂﬁW'lﬁﬁ]@{]lﬁﬁ

2.3.1.2 QAN NBUINITUD I

< ad J Y 1A = o
uniluemmssssunaneauysel vuilszneudisomis 5 vy fe Tusau Tl

4 A 1 a a
ﬂ'liiﬂulé’llﬂiﬁ INABDILT HASINTUU

A=

I {1 ] 1 a 1

@) Wlsau fumsosngresouusyaiunanusstaziasuas 19319 Tsauuy

~ a 9 anJ a (] A a Ao & 1 a a
unsaeel luAsuOIUNY 9 ¥iia lasmwizedginsanozl lunsuiludemsniyayIaves
519M18 (essential amino acids) 1&un 1au (valine) AU (leucine) ToTarardu (isoleucine)

=2 ~ . ~ ~ R a S aa

Wilaoaiu (phenylalanine) Wi leiiu (methionine) N3N ol (tryptophan) da@AY
9 F Y
(histidine) a3 (lysine) t1agh3 19414 (threonine) 1HHATUAIN U TIsAUUMINNIY wonaNT

[ ) Y g ' o [ qg// 1
TlsAuundganlidretmzdusailunssnansamedesms auiudeusonllsauuun Tusdu

= 4 .
NauYiu (complete protein)

Y Y I { [ % ]
@) lvdiuuamSediuue (butter fat) 1Huermsnldwasaugs Taoluduun 1 nsu 1%
(% a = 9 Y 9 Q' % lQ‘ 9 a
W81 9 nlaunass luwiuuulszaoudienia liulszmnouduas ldudwiasssua

A Ao & ] a a [ ~ Aa A aAAa Aa Aa
llaﬁ%uﬂﬂﬂ'ﬂﬂu@]f]ﬂ'J'liJ!ﬁ]iﬂJ!G]UIG]ﬂI@Qi'Nﬂ'IEJ@ﬂ 2 YUAND ﬂiﬂ]laiua@ﬂ Llagﬂﬁﬂﬂﬁﬂfjﬂﬂﬂ

o v

P : 3 5 < : y
@) anslulamsandrdgluihun Ae tharavan Taa Wuasemsdszaanildwdsan

4 nlaunaninensy

9
T o

@) naeus ungan lidrundeusnanewiia Tnsmwizodownatounaz oavose

<3| o A

£ A o 9 [ 09./} @ a a
Fauusgndidgngalumsaiialasansegauasily  dnfuauludensaywula  augeoy

9 q

a A J Aa A ' 9 = A < o
NalnI IAazHQYas Tuseldundensauilulszd
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a a I A o & Y 9 asR a A A
(5) Iy HuenserisnimeduiudealFlunszurumsmaiueddy Indunny

v A a a A A =1 a a d' oy Y U =1 =1
Tulwfuuunae Janiue @ 8 1o vazualsiy vazdandunazarelnildun Tnerliv @ 1)
TI5Turaniu @ 2) Tuedu InSaendu (@ 6) asaunulnmia luledu nalaa Inau

1 12 DUDATNDA AT IANUT

2.3.2 N
= ' A = <4 v adg o P (]
ununzlgaamalasnmsge  esnnivinadia luguinanildsenedosuas
] ' o Il < ! .
qadu 195y Tomilade S1enmedarhl1dlss Tomilded1u@ui (Haenlein, 2001) wung
[ Y a Y 1 v A Y a A d‘ a .
a¢ lineldine luduazanlusumetazununedaiinga lviiusiaiauye A lnsen (Caproic)
Aa . a . ~ o v q ¥ A 3
ANTAN (Caprylic) taznINIn (Capric) Manmsunndiaalvanuaulys wesnilunsa
lvduiigesnioimsveslsaiReInuMIgedne s 5y 15AN1ZAATNETOIMITUNNG 0
A o Y3 o A A A = g A £ X A Ao A o
wiod Idianihauialnd msduuuunzdaumadennivesdiheniiilyrunenussuy
= qg// yd'dw [ d‘l a d‘l v Y
MI9AFNe NI TINIEN LTy nuMsauuuriaau tazinziugielsanssmizonning
NI2HIBAADINTOAAUBTUNAINUNA TUATLINIZD1MIT 19 151091 UNLNE A NIBY 6.4-6.7
& g ~ [ Y I dy =
gatluannenmuzanlumsisvammwnszmzemns Ivuanuilunails wenand ldsau
Tuununzdogluginuundes lateiloiounuunln (Haenlein, 2004) i lnununelique
1 A‘ = U = = S A
M InrNsunnnun IaieaInTns SIWINUAaTeN (Ca) Tdunadeon (K) tuniiioy (Mg)
Woaosd (P) Aaeiu (C) wazuusmia (Mn) 1INNIUELINNGAINTI0ULAZ AT
asemnsanuuung 1dunnnluuylna (Alferez ef al., 2006)

d‘ = = ] =
M3190 2.5 MsufSeuieuaiudszneumanilveuuunsazuy 1a

drulszneumanil UMW uuln R.S.D.
WSaueaniaianue 13.57 11.36 0.57
Tsau 3.48 2.82 0.17
i 523 3.42 0.64
19 0.75 0.65 0.06
wan lag 4.11 4.47 0.47

WINoHe R.S.D. = auibeauninasgIuiivae (residual standard deviation) $1u2UUNAI06190 1%
a Jd a [ 1
lumsuasgnstaas 30 #2081

131 : Ceballos et al. (2009)
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d' = ~ d a @ v @ a
M5 2.6 MsulSeueusantsenounsaezilu (PFUAD 100 NTUVBINTADLH 1) YBIUY

unztazuyIn

4 a
29n15EnNOUNIADZI 11 UULNE uyln R.S.D.

a A Ao &
nyaesd luyiansuily

13 loHU (Thr) 3.98 4.11 0.32
loTagdu (Teu) 4.61 4.54 0.33
9%u (Leu) 9.80 9.44 0.20
ladu (Lys) 9.85 8.96 0.65
w15 Totiu (Met) 2.24 2.48 0.13
FAAU (Cys) 0.88 0.82 0.07
wiHaeza 1l u (Phe) 5.04 4.73 0.13
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niaozi lusian lusuily
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1115194 (Asp) 7.19 7.60 0.19
ngAINY (Glu) 19.96 19.66 1.04
lnadu (Gly) 1.60 1.75 0.11
158U (Pro) 8.93 8.99 1.11
13U (Ser) 4.39 5.24 0.38

WINOHe R.S.D. = auibeauuinas §1uiiae (residual standard deviation) $1u2UUNAI06190 1%
a Jd a [ 1
lumsuasgnstaas 30 #2081

131 : Ceballos et al. (2009)
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Y
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A = [ ~ o W ] = < [ Y 1 4
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131 : Deeth and Tamine (1981)
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<+«——— FIRST BITE — SECOND BITE——

<—Downstroke —-<— Upstroke-»< Downstroke+— Upstrokes

Hardness 1

Hardness 2

Stringiness

||

Area 3 Stringiness U

/

Adhesive Force

Time —
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IEVRE Bourne, 1978
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18 dail

Cohesiveness = Area 2 / Area 1

Springiness = Distance 2 / Distance 1

Gumminess = Hardness1 x Cohesiveness

Chewiness = Gumminess X springiness
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N1INAADY

3.1 Sagduililunismaaes
(1) mieniugna. 6 a511n Gandiadesli)
) Tamteniugduthaes asln Gandadesl)
3) un IAFALAZUNLNZ AR (AVUSIABATATAT WHIINEeFTe 1))
@) Toinsanamsf (USEnawian 91na)
(5) HUHINTIOUAY
(6) KXV (VT HNWTLIA $119)
3.2 gilnsaluazasindl
) qﬂnsa‘ignazgﬂémﬁa
1. 56U1€)%€)HLL‘U‘U%\|‘%1 (Memmert, Germany)
2. Lﬂé@i“f?ﬂﬂ‘% 4 @KU (Analytical balance ; Sartorius : Model A
120S, Germany)
3. m?mm%ﬂwﬁg{uﬁﬂan (Centrifuge; Hermle: Model Z 200 A)
4, mé@ﬁ’ﬂmmi @ﬂﬂﬁuuﬁ\i (UV Spectrophotometer; Biomate-5 : Model
Lamda 35, England)
5. éTﬁ%ﬂDUﬂnqmﬁgﬁ(GFL,Gmnmnw
6. Lﬂé@ﬁlﬂma (Minolta Chroma Colorimeter, Japan)
7. Lﬂ?@i’jﬂlﬂ‘@ﬁl WA (TA-XT Plus, Stable Micro System, English)
(2) M51Ad

Y 9 9
L. UMUaD 1YNIUIDYAL 50

2. DPPH (2,2-Diphenyl-1-picrylhydrazyl hydrate: Fluka, Germany)

W

Gallic acid (Fluka, Spain)

4. TFolin-Ciocalteu reagents (Merck, Germany)
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AouN 1 HAaUBIIBMIUFABANTAMAANMSN NV IWANN NI BTGNS U INUNA
HATUNUNE
v Y A Aq Y < A
Wugirmtienlslunsnaaesil Ao nu.e tazuylnda uuweaa
G (Y] a @ am 19 = I as A 19 ~ A
MsnseaIngaY TasnsAuulsIsmsusinmtienilu 3 35 as urin e e
A P J |y ~ J Yy o ) Y, Y
msata ugudr lusiuuaa usduntedrluiuvaanisusunisivainudoudqe
Ao w A I = 19 ~ 31 Y 7 Y
TuTasndasidenduihunarsdunar 5 wnvazusiamiied luimuaandeusunis 19
Y Y gJ ) I = Y o (] 9 ~ v 3‘ T W
anufoualelotfowidunar 30 i 1¥sanarudnmieineriuuaaminy 1:0.46 lag
Y ' k2
min qusiedesiiumsusuialsinanudu (AOAC, 2000) ounRII0613 Taelddon
9 ~ a =\ ™ 9 :I o A A o a dil 1
aufounguurgil 100 ssruxaFod aunszn Iihvminined Jalsumnnusunazal
a 091 % 1 dl Y T A Y d' [}
AINTINVBIIVBIAIBE19N 14 (AOAC, 2000) uazmd (L, a, b, hue t1ag chroma) AYIATDIIA
1 a [ 4 { ] a 091
Ad (Minolta Chroma Colorimeter, Japan) AugUnaas N IUNMTOULRY TagmsiAuiiwaz
o a [ S [ a g 1
Tianuseuaelulasnn hraadusinladadlsuannudu (AOAC, 2000) A1 (L, a, b, hue
4 [ U a d
1a¥ chroma) fenTeainnd (Minolta Chroma Colorimeter, Japan) tagnszraluilseneu
o v
mand (@510 laasa Tosau lvifuuazid) (AOAC, 2000)
y

a 4 a g 1 Aa g’ 1 @ T
’Jmiww%}ayaﬁmﬂimmmm%u ?ﬂﬂi]ﬂiiiﬁl’E]\‘IH1L!E1$?H§HIEJ\W]’J@EJN‘VINTL!ﬂ’Ii

]
[

Y
BULFI NUHUMINAADUUY Completely Randomized Design NAand 3 51 Iagiadeinun
A an 1 a 4 9 aa =1 =1 U d' 9 an
A9 35013 TuMmIns Anszranuelsliiuvesioyanwadauaz/Toumeua1nasn 1635
Duncan’s New Multiple Range Test
a Y 9 a di} =Y @ 1 A =
AnTIzHveyan1ulIanNuFLazAIavUeIdI0g19NHIUNITANT 1R UNT
. . gJ o AY = ~
NAA04UUY Completely Randomized Design naaod 3 41 lasiladendosmsilTouien
A ad ] a Y Y [ =1
A0 ATMIIUMINYS AT IERToYaA U dINYTLNOUNIUANINNUHUAITNAAD DY
Y
o a 4 Aaa
Completely Randomized Design MAa09 2 41 Ansiza1uulslsiuvesdoyaniedoa

(~ ~ 1 A v axt . A o A o v
tazfTeuMeuAINaeA187% Duncan’s New Multiple Range Test NTIEAUANUILTDUUIDYIAE 95
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d' A = [ LY A v Jy = [~
Aol 2 andamunil mamnsazanyaemalszanmaniavewansumu vt IgmiI
a a a
et NG LR AR LR
2.1 andAManinazMeMwuaIngay
a 7 v a o Aq Y Yy 1y ~ v 7 Y] =~
Anzrnumwuesingauranildluminaaes laun damiieaiug nw druniion
@ d o 1 [ 1 a 4
WugauThaed vuRLEzUeING TaemsTaad (L, a, b, hue 1Az chroma) UAZAATIEW
\ A o (A £
dautlsenoumanii Iagdseua (approximate analysis) (AOAC, 2000) lagdadsuimnudu
a A, 4 a o a
Y ldsAuleeSimamvia (Kjeldahl Method, YSnauldsan mwamandsuna lulasnu
qa.: a o A o a a 4 va I
NHua x 6.25) Ysnams 1u'lamse Usina vz S nasdwasInsieianiia lumsiuans
1’]aﬁumnﬁ@ﬂﬁﬁ?maaﬂ@m%u (Deepa et al., 2006; Guanghou and Leong, 2005)
2.2 5282IAINTOVUNINAZTOATIAIUIIUNF UV NIHINZ TN
9 Y
w3 ouiagauTasuadednaamiien i lusanaudnaetiuiiny 1:5 (Ahromrit, 2006)
< o Y & 9 ¥ & S A "y A A £
Wuszeznal 1 1w udrtadrendeitaloriuilunal 30 1% uriumiiedneunsialy
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Y ' Y
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]
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Usunnusu (AOAC, 2000) 1N 30 UIN IUATULIAT 5 %2 1314 mmauﬁaﬂﬂmﬂmiﬁﬂm
= Y . A A A o Y v
IUNTINVDINITOULHNA (Drying curve) Laaﬂizﬂznammmmqﬂ‘lumﬁ‘wmmmﬂmmn

v
auIvDY
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(Y o A
2.3 #avNN@INYTINAUUNNI ANNTNTUVDIT UL AT MR HE I UK T IR ANTA
maniimemezanyaemalssnndudavesmansom
= gj = = Y = @ a
w3sumIazai L Ie) Taomsonlainuunas e Al manuw

Y
o A

Y
1 o o o @ I
#9111 3 2@ A 12.5:100, 25.0:100 Lz 37.5:100 Taenimiin Auulsanududusni@enilu 3
[ v
sTAU Ao $oeRr 044, 0.88 uaz 1.32 Aza@HIUNUTeINASouRIeIqUaMHYl 80
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19 ~ : [ 1 9y 1 g/ 1w . o3|
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3 y & 9 y 2 J & A ) P & J
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A A A ¥ ~ Y o ' Yy Y A A a <
sudernazon1 30 w1 eunisiiedelaslddouansoungungil 100 eeruvaFod 11
M o a o sa o Y A Y ag & v gj I =
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o a 4 ) a 1Y g 1Y A Y U a dy
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= wva Y Ay - 9 d‘ [ dgl v @
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Micro System, English) mﬂfnﬂim611aaﬁmazﬂimmmiéfmauu‘.aaaig (Deepa et al., 2006;
Guanghou and Leong, 2005)
a 4 wvAa a [ 4
Anszideyaduianmuniiuaznen U INAAS UN TAgNHUNTNAADILLIL
oy [ { 1y 4
Factorial in Completely Randomized Design U110 2x3x3 naand 2 41 Tagiladendny Aowusg
9 ~ a Yy 9 = a 4 9
Y99I HEY UTauumatazANUTLTUYRINUEY AATIzRaNuulslsivvestoyania
goauazilseunounnae 1aedF Duncan’s New Multiple Range Test
Y Y [ 99 a A
nadeunan sz mdudatazmssensylaglsgmaaeusy 25 au Usziiiu
Yy A A L o o o A o o a Y
AUMWAUT nause oduATuazMsvausy IassWUBIHAAN AN NI ITHUDYA 1ABIS
HAUNITNAADILUY Factorial in Randomized Complete Block Design YU 2x3%3 Tagiladen
= A o J 9 =} a Yy 9 = a 4
AN AOWUFYDIUIHTEY UTNAUUHIATANUTLTUYDIF VY AATIZHANUI 59U

9 aa = = ' A ax . A @
ﬂlawagamqﬁammmﬂismmsmmmasﬁ@smi Duncan’s New Multiple Range Test Ni¢Al

A o oy
ANUIFDUUIDYAS 95
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2000) tazals a3 1o lamsalasmsana aufanemenmlagnsSaa1aszu L, a, b, hue

118¢ chroma (Minolta CR-300 Series, Japan) /53184 1%U (AOAC, 2000)

d‘ Y Y = [ a' ad
3.2 mmmammmzaﬁlumsammwnmumqmnnamtﬁmnm

bl

~ 9 ~ () g} I ) 3 £ 9 o ¥ I
w3 su e Taonsurdnd lusinilunar 1 %2709 amiuilsgneloiidewiluna

E2 1
30 w1 usluTomnsa Taonayldishiu Aal3guugiiveudunar 30 wiil Auwnlssua

[ !

9 ~ 1 Ad A ) dy g; o aaj Y Y
Iurtieade lensanonsaIuail 2:0, 2:0.5, 2:1 uag 2:1.5 Tagihmiin mntiveuurialugeon

9 A a = <] @ ' A a d a dy =
ANIDUNYUNHY 100 DAL LK Lﬂ‘U@]'JEJEﬂQLW’E]’JLﬂi1$1’i1’i'lﬂ§3J'lmﬂ’J'liJﬂfu‘Vlﬂ“"] 30 4N



47

o 3 o o "y ~ A o Y Ay ¥ Y A
IUNICNNUTINTUNUVDNAIDINUTIUNUYIVCAIN u'lell@iJ“a‘VlulﬂWﬁf]G]ﬂi1‘V\|ﬂ1i'€]“lJLL1’i\1LW€)W'I!’JﬁW

Tunseuuianmu

3.3 andameamammauanazantamalssamauiavesdeensinmiagm3ia
N ¢ A ¢
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99 3.2 AA1d (L, a, b Hue 1482 chroma) A1081991mHignausa Tonsananeuazndinmsn
4 (% 1 a [ o* a :
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SOV Df
Hardness Springiness | Adhesiveness | Cohesiveness
Uy 2 239554.587* 0.002 8002.742 0.002
ANUTNTUR V) 2 15681.423 0.010 32515.681 0.001
WuRinamiien 1 942381.058* 0.015 847112.844* 0.000
I UVY? 4 80528.438 0.021* 79178.169* 0.001
RTINS 2 88524.955 0.019% 247563.427* 0.001
WU I*RUT 2 65028.670 0.013 11117.010 0.000
WA RS 4 55789.230 0.003 41188.177 0.001
Error 36 43525.097 0.006 23658.370 0.001
3194 GD))
MS
SOV df
Gumminess Chewiness Resilience
Uy 2 30160.361% 8818.475% 0.001%*
ANUTUTUR V) 2 4673.180 3969.851 0.000
WuRinamiien 1 86092.195* 26210.809% 0.000
IS UVY? 4 11555.291 6502.247* 0.000
RTINS 2 16083.006 10585.219% 0.000
WU I*RUT 2 3698.871 1633.238 0.000
NV 4 8664.507 1320.417 0.000
Error 36 7232.091 1808.085 0.000
CRYRINALS * nedaanaNesitodnny (p<0.05)
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HumsIaaa L ma a uazmd b veswaanu laeal L iiua1d@v12-a1 (Lightness) a 131
=Y a A I = A = :’ a
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Tagl4iaTea a1 ¥iiledufa (TA-XT Plus, Stable Micro System, English)

a d Y =
NITAATICHAUMNNATUIAN

1. MIInNZHYIINUANINFY (AOAC,2000)
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+ r
1. nszieswunnuTU (Moisture can)
2. nAunseiled (Tong)
3. Foudnas (Spectula)
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A A
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Y 9 . .
1. adUaus aunuyvih (Hot air oven, Beschickung, Model 100-800)
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(AU 2 AFUN(W,)

AaA o
ABAIHIN
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msdmnermBSunaldsfuasulnsnuiaelagiSnaayia (Kjeldahl Method,
AOAC, 2000)
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2. 1nne3 (Beaker) ¥11A 250 Haaans
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4. N3ZUBNAN (Cylinder) ¥U1A 100 UaAaAT

5. ey

6. mﬂgﬂ%nﬁ (Erlenmeyer Flask) 4118 250 Uanans

in30aile

1. “lgﬂﬂic‘%uiﬂi AU (Distillation Apparatus)

2. ﬂgﬂé@ﬂiﬂiau (Digestion unit)

3. Lﬂé@i“f?ﬂﬂ‘% 4 AU (Analytical balance; Sartorius : Model A120s, Germany)

4. é}@ﬂﬂfﬁj (Hood)
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gilnsal
9 +| A
1. orenseileanden
=
2. azneayuay
3. m@mma{(DeSSicator)
A oA
IN50930
1. el
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a d Y a aaa a v
5. ﬂ1§3lﬂ§1$ﬂﬁﬁﬂ1uﬂﬁ!ﬂﬂ‘ﬂ§]ﬂi?ﬂi’)ﬂ NPT U

5.1 M3iannuanselumsiudaans DPPH (Deepa et al., 2006)
mﬁﬂmmmmmiumﬁﬁugami DPPH (S umisdannuaiuisavesastleadunis
Lﬁﬂﬂﬁﬁ%maﬂﬁm%uﬁfugmmmﬁugqmi DPPH Gaiiquandaiueuyadass Tassamins
aanduuesi 515 i Tumwas
ginsal
1. Lﬂé@i“f?ﬂﬂ‘% 4 ﬁ1llﬂﬁi(Analytical balance; Sartorius : Model A120s,
Germany)
2. m?mm%ﬂwﬁquﬁﬂan (Centrifuge; Hermle : Model Z 200 A)
3. mé@ﬁ’ﬂmmi @ﬂﬂﬁuuﬁ\i (UV Spectrophotometer; Biomate-5 : Model Lamda
35, England)
4. luTnsthila
5. éwqﬁwmuanqmwgﬁ (GFL, Germany)

=
a1ny

5. muea ududesaz 50

6. DPPH (2,2-Diphenyl-1-picrylhydrazyl hydrate: Fluka, Germany)
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o 1 S v 4 Ay Yy ¥ v °
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8. damnganauudan 515 w1 Tuwas

Aad o
BN
Abs.Control—-Abs Sample
Antioxidant activity = X 100

Abs.Control

5.2 YSanalueadniariua (Total phenolic content) (Guanghou and Leong, 2005)
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a1ny

1.
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Lﬂé@i“f?ﬂﬂ‘% 4 ﬁ1LLWﬁQ(Analytical balance; Sartorius : Model A120s,
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Gallic acid (Fluka, Spain)
Folin-Ciocalteu reagents (Merck, Germany)

Sodium carbonate7.5%
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Uaanns
] Y 9 . . . YA Y]
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o w (] ~ 1 Y 9 a a . .
3. UIAIBDYNWNNLOASAIUVNUHUUT 100 "laﬂmam IUTA1992a18 Folin-Ciocalteu
A A Y : Y [ a A Aaa Qaj
reagents NAUN500919A0UINAUOATIEIUN 1:10 Tud5u1aT 1.8 UadansAs
Y
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4. 1@ue13a2a19 Sodium carbonate [UTUTDIALT.5 1UIU 1.2 HadanT
Y Y 1
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> Aaq o 0
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A 9 Stock solution gallic acid
B A9 e13a¥a18 Folin-Ciocalteu reagents (1:0)
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4 4
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IR0 (Adesegun et al.,2007 )
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nuunaaeulFanssann (Structure Scoring)
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