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Pornpisa Prasertthaijaroen 2012: Improvements Quality of Frozen Cooked Rice (Oryza sativa
L.) cv. Khao Dawk Mali 105. Master of Science (Food Science), Major Field: Food Science,
Department of Food Science and Technology. Thesis Advisor: Associate Professor

Sanguansri Charoenrein, Ph.D. 146 pages.

The objective in this study was to improve the textural quality of frozen cooked rice cultivar
Khao Dawk Mali 105 (KDML 105) after subjecting to multiple freeze-thaw cycles up to 5 cycles. This
research divided into three experiments. In the first experiment, the correlate of the instrumental of the
texture measurement (compression and extrusion test) with the sensory evaluation of frozen cooked rice
was studied. The results showed that higher linear correlations from extrusion test with sensory
evaluation than compression test for hardness and stickiness. In addition, compression test did not
represent overall texture of frozen cooked rice because only a few grains were used in measurement. In
the second experiment, the effect of waxy rice (RD 6), waxy rice flour (WRF) and konjac glucomannan
(KGM) addition to frozen cooked rice were investigated. The results showed that the freeze-thaw cooked
rice had a tendency of increased hardness and decreased stickiness with subsequent freeze-thaw cycles,
most notably after three such freeze-thaw cycles. The frozen cooked rice containing 10% RD 6 had the
lowest hardness and the frozen cooked rice containing 0.8% WRF had the highest stickiness subsequent to
four and five freeze-thaw cycles, respectively. Analysis by scanning electron micrographs revealed that
the addition of 0.8% WREF reduced the size of ice cell cavities and spongy structure after five freeze-thaw
cycles. It is possible that the WRF gel coats the surface and absorbs within the cooked rice which helps to
reduce the changes in texture and microstructure of the frozen cooked rice. In the last experiment, the
frozen cooked KDML 105 rice without and with 0.8% WRF were frozen at three freezing rate (slow
(0.082°C/min), medium (1.821°C/min) and fast (3.227°C/min)). The results showed that the cooked rice
with  WRF frozen at fast freezing rate was more effective maintained the textural properties,
microstructure and reduced starch retrogradation of cooked rice after freezing and thawing than medium
and slow freezing rate. It is possible that the fast freezing rate produced numerous homogeneously small
ice crystals embedded in a thin rice matrix. The variation in the microstructure appeared to correspond
closely to both the increased hardness and decreased stickiness values. It is concluded that the best

condition to most effectively improve frozen cooked rice was adding of 0.8% WRF with fast freezing rate.

Student’s signature Thesis Advisor’s signature
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=1 =1 1 < ~ 9 ~ [ v J
ozl TsAUg (Matsuo er al., 1997) AIANUUAIIALANVINUHIVDITIIVIGNNANNAUNUT
TagasawazHnAunulSuaued Taguas wasaweun1adl (enthalpy, AH) lunisaatalase
FHANINNISIANAT INTIATATY AWS1AY (Yu et al., 2009) Cameron and Wang (2005) W13
a ] ] v J v o 1 < o
s TisAuuaz lviusuiianuduiusuuunadudumanuuiaveunadudladniuag
< 1 1] v o 1 . 1 <
WaAt1IMIgn uAiANUENTUT lngasanuAInuKMilen uenanilainuudaaznam

[ [

=\ A Y [ :3} a [ [ v A
Lﬁuﬂi%vlﬂﬁliﬂﬂii‘ﬂﬂﬁ’f]UaﬂBmZLui’Jﬁ’llWﬁ’uagﬂ”liﬂizlllu‘ﬂNﬂizﬁ”ﬁflﬁllWﬁ’ENll

(4

anuduusnulS el Tagueaing
4.2 mydsziiuguammalssamduda

o ) s Yo o A 4
Tagna hillszamdudavewypdansoven lans anvazilsing nau nausa

di’ v Y a v v
unazilodurTv9991M13 (Meullenet et al., 2001) wai lavninmsdsziiumalszamauia lag

v
S 1

= o A v o Jdo dy o W A ] [ Y 1
‘VIﬂﬁ’El‘U‘V]N“IuﬂﬁPjﬂNullﬂllﬂ’ﬂllﬁ’ll‘W‘LJ‘ﬁﬂ‘]JLuﬂf’filWﬁ’“ﬂiﬁ]ﬂﬂllLgml,‘llﬂ‘ll’é]\i"lln‘i{(\‘lfm3J1ﬂ 15¢]

[

9
)
fidodrnane I9dunuguaz Mdnannulumsindudnadeuiie liinannuduig (Sesmat

and Meullenet, 2001)

ax A o Y o [ a Y v W Y A
’J‘ﬁfﬂi‘Vlllﬂi%ﬁWWiﬂﬂTiﬂi%LﬂJuﬂmﬂ1Wﬂ1Qﬂ1uﬂ§$ﬁ1‘lﬂﬁuwﬁﬂl'ﬂﬂ‘1ﬂ? D N7
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o an 4 o w
NATBUMUANUYOY (NIHY, 2548:; qIN1YIU, 2551) ATNATUUVVS 898191 (Juliano,

2001) HAZATNAADVUVUNTTUUUTIUTU A (auns, 2545; v, 2548; A3nayand, 2551;
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Champangne et al., 1998; Lyon et al., 2000; Meullenet et al., 1998, 2000; Sesmet and Meullenet,

2001)
Y [ dy ¥ W 9
4.3 MINATDUAUNNATUANYUSIUDTUNTUBDIVIIVIGN

A o o ] A P o Y} 2 o o
WonuNAUMWIuNITulszmudnyIgnineItoInuguMNN AU TR
< ~ A 4 =1 Aa =1 a

(ANULTL HATANUIKT YD) naY uazodnlsznoumandl (USuiaTdsau usilas uag
dil v A a 9 = a 09/‘ <
ANNFU) (Matsuo er al., 1997) HAILBININNMTVT 10AU1NNTMTUT InALLVHIGANULER

o uszl dy ¥ I Y = I o 9 o A 1
auiniedudavounandIIgnIvdudnyazaugumndayndina lagasaonis
gou5VV0IGVT InA (Okabe, 1979; Saleh and Meullenet, 2007) IMANANTUsZITUNANI

Y [ dy Y 9 A A I o [l
szamduiauazminaasuansa it duia lnglfinsoalonuise Tewss lunisuaven

[ Y dy [ Y d' Y a Y [ 4‘ a
davaznaaioduianuneseld Meullenet er @, 2000) tatii9391ANITUTLITUNI

v o v A

9
Uszamdudaidoding Ae I9dunuguazdesldnarlumsdndugnaaey duinislums
[ dy v W v A A A o dy o w [ 1 Y
nadovanvazieduid lasldinieslofaunsainnenaiioduidvosdiiodnaldeda
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uiud sgasonaunuIuaoulumsisziivnlszamduialagldgnaaoudimsy

nszuaumsmslulyinansaal 1a

9 [ Y
mInageuanyuziloduiavesdnegnAteniosinanyuziloduia (Texture
09.:’ o 9 as as o v A I ax & Ay Yo a
Analyzer) Wua w501 1ana1e35 Taegdsmsengngsunedluismsuien Idsuanuiony
o a [ dy v W 9 =1 Aav o A Y QJQddy
maiwnlsziiudnvuzilodudavosdiavegn Jauidedruauninilalsasilunis
NAgoU (Juliano et al., 1984; Meullenet ef al., 1998; Sitakalin and Meullenet, 2000; Sesmat and
. a 9 v 9 ax dy 9 v v 9 a
Meullenet, 2001; Ghasemi et al., 2009) Iag1/n@ALdIn153An1835n154 1¥a1981991715 810
A = Y 1 4 csyo.: =\ aov Jq ¢ Y]
wn iesnnlumsnaaeuiinsussyaiedisasluwaa uensiniidalinuitelaldnisia
Y
anyuzIlodUAdv0IT1YIgNA0IBUULNA (Juliano er al, 1981, 1984; Okabe 1979;
Y
a v W o 1 <
Szczesniak and Hall 1974) Tag3tnsHiaz 1§ 9auuuuu (flat plates) NARIUUAIBE1LAA
9 . 1 an v 9 as dy ) o Yo o 1 a
917 Julino et al. (1984) WUIITNITIANIBITULUNATIHIIEF1HT UM I ¥NUA208191 5010

9 = 1 A < ' Qa}/
Hoy (mamﬂhluﬂmaﬂmmu)

v v o ' o Y A o o Ayy
Meullenet et al. (1998) Ul@mmmauwuﬁﬁstwﬂmaﬂymzmmuaﬁnwa%"lﬂ

a a a @ v W dy v W Jas 4
iﬂﬂﬂﬁ‘]Ji%Lllu‘ﬂNﬂiZﬁ'TV]LL“]J‘]JWiimHGH\ﬁJﬂJ'Imﬂ‘]Jﬂ1i’mﬁﬂ‘]e|m3!,u6ﬁll W’diﬂﬂlﬁlﬂ‘ﬁmﬂ“]ﬂ-
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3 v 1

[ @ = 1 ] £ [ dy v o A 9 [
NITU WUN ﬂ?ﬂ’ﬂﬂJﬁiJWU‘ﬁVlklﬂ@fﬁlslu%’N 0.22-0.70 "]NﬂﬂlﬁﬂHm%Lu@ﬁNNﬁVI"lQQTﬂﬂ”Ii’Jﬂ
= v o Y Aag 4 = [ o J o [ ~ 9 a
m’efcmwﬁmmﬁmﬂ%mgwummauwuﬁﬂmmamgmzw“lﬂmﬂmiﬂszmumaﬂizﬁm

uieniige Ao A1NLAN (hardness) (= 0.62) tagmMsAnTiu (toothpack) (= 0.70)

]
(4 v A

k2
Sesmat and Meullenet (2001) Ta¥nenmdanvuzauilodudan ldvinns
Y v
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nmsdalasisuuunau I luaunisiiuie wud mMsianalagdsnsnaaiuisniiuieg
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mMImzaanuveddlIneuiads1ildneq (cohesion of bolus) AINTIN1ZAAS LA (adhesion
J 3 1 v o ] 1 1
to lips) AANLUN (hardness) ANNITINILTINAINUUDIAID YN (cohesiveness of mass) ATAIIY
NeNUVDIRI0E14 (roughness of mass) A5IN1FTuMsHEnTY (toothpull) tazaA1nsARTlY

(toothpack) TAg@a 131301 11118MANNTURUT (Optimized Real) Jau1AA 0.6

Y
Sitakalin and Meullenet (2000) 1&anaanbuzitioduialaslditn1suuuna
4 v ' 3 a ) o 3 { a
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o W A J v a v ll { g J a {
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iUz TaMIIUUT1009UBIdNE UL Lo FUR YD IA0819 1AaNI1 DNNAUTII1IN
as o [ o v o l A (A =K d Aas A 1 9 = 9
IBNSENEN UL IAGRE 19N NYTaNIn 39dudTnlsuenaNNganvD Ik
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naaou Tags laan1Ismsuuuna nsmlninmsiaanyaziilodura TagIsuune NN ¥u
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v 9
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[ YY) 9 9 A a 4 tﬂy [ Y- Aas 4 [ ag
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301: aa1lagnn Sitakalin and Meullenet (2000)
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Y
INMTANYIVDY Sitakalin and Meullenet (2000) WU MSTIAGANULITDFUNTA Y

[

wIealloamisaiinenadnsuzmelseamdudalannqudnsae 1dud manzaasy
[ v o

Hihn (adhesion to lips) YH1ADUNIA (particle size) ANVLUUY (hardness) NITINIZTINAINUUYDN

SBRIAN (cohesiveness of mass) ANNNYIVUDIAIDY (roughness of mass) ANUMTIED NI

~Aq v a I a
usanldlunisuenily (toothpull) N13aa#lY (toothpack) tiazANuITUDAIZUYBIBYNIA (loose
1 Y 9 ]
particles) ¥4n15iadnvailedudaniaeddtarusotiviearnlannisdsziiunig
v o o ' v o J . Jo o .

dszandudalda Tasenuisosinesinnuduiug (relative ability of prediction values;
1 1 a 4 @ ' ) J

RAP) ngﬁﬂﬂﬂ'n 0.70 !L@]ﬂ']i‘]ﬂﬂﬁ@ﬂﬁ?ﬂ?%l@ﬂ%ﬂg%uﬁllﬂuﬂ?Llﬁgﬂﬁlﬂﬂfﬂlll!@]ﬂ@nﬂ"l]@\‘l

(% 1 YA 1 Aax
G]'J@EJN]lﬂﬂﬂ’ﬂ’Jﬁﬂ"liu‘]J‘]Jﬂﬂ
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¢ ad
gilnsamazizms

gilnsal

Y a Y = A v a9 =
1.1 91v1IanNsa 105 LAZVIUNRUYI NV 6 NNIUNITUATLAIIN 1.9.0. I‘Nﬁll“ll\l
a J1 A A o a Ja A A o )
MWTUFIUTON 3 9.AUATNTY 2.NIWTUTF mmﬂaﬂumau‘ﬁmmn 1 w.e. 2553

{ a a o v Jd o
1.2 utlsdnamiisanamsa Bhetunsa v5EN Tnenyaldsand $1da (uww)

o a o J o w
1.3 ﬂﬂuﬂﬂﬂ@jﬂlmulluu INUIEN ﬁ‘mtaau 1NN
¢ A A
2. Qﬂnsmuaxammm
¢ A A Aqu d o
2.1 Qﬂﬂiﬂ!t!a%miﬂﬁﬂﬂﬂi‘lﬂuﬂ"ﬁl@ﬁElll@]’J’E)fJN

2.1.1 nfioveta Iudh A2wq 1.8 8as (Hitachi Ju R2-PM18)

2.1.2 wisaumdonudeszunlas lodinuuuniule lulnsnumad (Cryogenic
cabinet freezer i: U Mini Batch Freezer 1000L, Bangkok Industrial Gas Co., Ltd.)

Y 1A < v
2.1.3 Quagoniud (Chest freezer) (Sanyo 31 SF-C1495)
P2 A A ” =R Y

2.1.4 semasd luasiila (Thermocouple) HALIATDIVUNNUDYA (Data-logger)

2.1.5 1ATDI%9 2 AUNU (Sartorius ’aj:u BP 3100S, Germany)

2.1.6 9111AIVANYUNNI (Tempest 71 HB 25, Thailand)

2.1.7 qumﬁﬁﬂlluaaummﬂ 4x4 1 (Nylon/Linear low density polyethylene bags,
NY/LLDPE)

d' a = 1

2.1.8 113031ANHUNY (Impulse sealer 31 PFS-300)

2.1.9 naod Inu

2.1.10 UHUANNTOU (Hot plate)

2.1.11 1101 TuTA519W (Turbora §1 TRX-2458, Thailand)

2.1.12 n50iluiia (Moulinex zg'u Y46, France)
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2.1.13 AZUNTITOUVUIA 100 1% (Retsch, Germany)
o A A Aqyu
2.2 ginsaltazniealenlylumsasivdoununn

2.2.1 é’ﬂmmuau%’au (Hot Air Oven, Memmert ;'u ULES500, Germany)

222 nd099ansImi IFuaUUAIA03 10 (Stercoscopic Microscope, Leica U
S8APO, Singapore)

223 napdganssminyuuaIdedn1u (Light Microscope, Leica jU DME,
Germany)

224 NApIYANITIAIDIANATOUNUUADINTIA (Scanning Electron Microscope,
JEOL 34 JMS-5600LV, England)

225 m?mﬁmﬁ’wﬂ%ﬂm (Critical Point Dryer, CPD, Energy Beam Sciences i;u
K850, USA)

226 wiesailoisuFoa aunuile unaesives (Differential Scanning
Calorimeter, DSC, Mettler Toledo 34 STAR® SW 9.30, USA)

2.2.7 m%ﬁmswﬁmmwﬁmmm’mg?a (Rapid Visco Analyzer, RVA3D,
Newport Scientific Instruments & Engineering, Australia)

228 Lﬂ?ﬂﬂ%mﬁzﬁé%ﬁuﬁﬁ (Texture Analyzer, Stable Micro System j:‘Ll TA-
Xtplus, UK)

22,9 n5esilenrzi5unaluTasiou (Kjeldahl Apparatus, Buchi T4 B-324,
Switzerland)

22.10 1n5eaileTins s UTua luiu (Tecator 31 Soxtec™ Systems HT6 1043,
Sweden)

22.11 alnTng Il Tadimes (Spectrophotometer, Thermo Electron Corporation 5; U
GENESYS™10, USA)

a

2.2.12 N UNNUYI (Muffle Furnace, Gallenkamp j:u FSE-261-210D, UK)

u U

o ]

2.2.13 IAT9IH 4 AWNU (Ohaus 3;1.1 AP210-0, Switzerland)

2.2.14 gnsainso iy
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3. M5
A o [T 4 a
3.1 AspNAMTUIATIZHIel lad

3.1.1 eNausaneaean NI uIeeas 95 (Ethanol, Analytical grade, Merck,
Germany)

3.1.2 Twdewlaasonlad (Sodium hydroxide, Analytical grade, Merck, Germany)

3.1.3 NTALBTANAIU (Glacial acetic acid, Analytical grade, Merck, Germany)

3.14 uamaﬁﬁqﬂ%‘{mﬂﬁuﬂé’q (Amylose from potato, Sigma, USA)

3.1.5 loTodAu (Iodine, Carlio Erba Reagent, Italy)

3.1.6 Tnunamon'lo o lag (Potassium iodide, Ajax Finechem, Australia )
A o v A o =
32 ﬁWiLﬂNﬁWﬁﬁU'z]Lﬂi'lgﬁiﬂﬁ@]u

3.2.1 nsAFaNITAANNITNYUS D88 95-97 (Sulfuric acid, Analytical grade, Merck,
Germany)

322 apdulesdama (Copper sulphate, Analytical grade, Carlio Erba Reagent,
Italy)

3.2.3 Twdewlaasonlud (Sodium hydroxide, Analytical grade, Merck, Germany)

3.2.4 N5AV0O5N (Boric acid, Analytical grade, Merck, Germany)

325 TnundiFougala (Potassium sulphate, Analytical grade, Carlio Erba
Reagent, Italy)

3.2.6 n5A balasnansn (Hydrochloric acid, Analytical grade, Merck, Germany)

3.2.7 unatsa (Methyl red, Ajax Finechem, Australia)

3.2.8 Tu5 lunT¥eansu (Bromocresol green, Ajax Finechem, Australia)
A o v A o o
33 mimummmmiwﬂwu

Wasideudimes (Petroleum Ether, Analytical grade, J.T. Baker, USA)
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(Quantitative Descriptive Analysis, QDA)
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8 93 8.8 69 6.4 85 6.7 74 4.6 82 7.7 0.6 0.7 0.7 0.7 0.7 1.5 1.5 0.6 0.8 1.5
9 53 54 34 4.1 39 28 5.0 4.6 4.6 5.8 3.6 1.8 64 7.5 52 8.7 2.8 45 1.5 3.2
10 49 47 39 29 4.7 3.0 45 4.5 43 4.7 1.5 1.0 43 4.0 1.9 3.0 3.1 2.1 35 21
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ﬂ’J"IiJLL%Q (G]?"I‘ﬁ 1482 2) ANV ("]?Tﬁ 118z 2)
A KDML 105 KDML 105+ KDML 105+ KDML 105+ KDML 105 + KDML 105 KDML 105+ KDML 105+ KDML 105+ KDML 105+

10% RD6  0.4% WRF 0.8% WRF 0.2% KGM 10% RD6  0.4% WRF 0.8% WRF 0.2% KGM
1 57 5.4 56 53 55 55 53 5.8 57 5.9 1.0 1.6 14 1.9 1.6 1.4 1.7 1.0 1.3 0.7
2 56 4.9 4.7 4.8 49 4.6 5.1 4.7 5.8 5.0 2.7 13 53 53 33 4.1 4.8 4.6 36 2.1
3 5.0 5.0 45 4.5 45 5.0 45 45 50 5.0 1.0 1.6 26 2.5 1.7 1.5 25 1.0 20 03
4 6.7 6.8 7.0 6.8 6.7 7.1 6.8 6.9 7.0 6.9 1.2 0.5 1.2 09 1.2 0.7 1.2 0.7 0.6 0.9
5 52 5.0 51 52 48 5.4 4.6 4.8 49 5.6 1.5 1 25 1.5 1.5 2.5 1.5 1.5 1.5 1.5
6 59 58 5.0 438 5.1 45 56 5.1 6.3 6.0 0.7 0.8 23 4.0 1.5 2.6 1.1 3.4 2.0 3.7
7 55 6.4 56 53 49 5.8 4.7 6.0 5.1 6.4 09 1.4 1.1 33 09 22 09 14 09 1.1
8 7.1 6.7 59 5.8 6.7 59 8.0 5.6 7.1 6.7 03 03 0.7 0.8 0.5 0.5 03 0.8 05 0.3
9 4.7 4.6 3.7 4.0 43 34 4.0 3.6 44 4.8 1.0 3.9 5.1 55 1.6 3.0 24 6.0 4.1 23
10 6.8 6.7 6.0 6.7 6.8 6.0 6.0 6.0 6.0 6.7 1.7 1.0 1.5 1.0 09 3.0 09 3.0 09 1.0

9¢1
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ﬂ'ﬂllll“’fl\i ﬂ'ﬂll“’iﬁf]’)
KDML KDML KDML KDML KDML KDML
VAR gy 105+ 105+ 105+ koMb 105+ 105+ 105+
105+ 10% 105+

105 e 0.4% 0.8% 0.2% 105 e 0.4% 0.8% 0.2%

WRF WRF KGM WRF WRF KGM
1 6 4 6 8 7 6 4 6 7 6
2 5 1 5 6 8 5 1 6 5 7
3 3 6 7 6 3 5 6 7 5 5
4 7 7 6 3 2 8 6 7 4 4
5 6 6 5 6 6 6 5 5 5 5
6 6 8 4 7 2 6 7 6 7 3
7 6 6 7 8 7 7 7 7 8 7
8 7 8 7 4 8 8 6 7 7 2
9 4 3 4 6 7 4 3 6 6 7
10 8 6 7 6 4 7 3 5 6 4
11 7 7 8 7 9 7 7 8 7 9
12 8 9 9 9 9 9 9 9 9 8
13 8 6 6 7 8 8 4 4 6 6
14 7 6 4 8 5 7 4 8 5
15 5 7 4 4 6 5 6 3 4 6
16 8 8 8 5 4 7 8 6 6 5
17 8 9 9 8 8 8 9 9 8.5 8
18 5 4 5 3 2 8 6 7 4 5
19 7 7 7 6 6 7 6 6 5 6
20 7 4 8 5 4 6 3 7 7 3
21 8 5 4 7 7 8 4 2 4 6
22 5 6 5 6 7 5 5 6 7 7
23 6 7 7 6 7 8 7 8 7 8
24 6 9 8 7 7 6 8 8 7 7
25 7 5 5 6 5 6 2 5 5 3
26 8 5 6 4 7 9 7 8 5 9
27 7 7 5 6 4 7 5 6 6 5
28 6 7 6 6 6 6 5 6 7 5
29 6 6 7 5 8 7 4 7 4 8

30 8 7 7 7 8 7 7 7 7 8
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KDML KDML KDML KDML KDML KDML
VAR gy 105+ 105+ 105+ koMb 105+ 105+ 105+
105+ 10% 105+

105 e 0.4% 0.8% 0.2% 105 e 0.4% 0.8% 0.2%

WRF WRF KGM WRF WRF KGM
1 4 4 5 4 1 5 4 5 4 1
2 4 6 4 6 2 ”- 6 2 5 2
3 4 2 2 4 1 3 3 3 3 2
4 5 5 3 2 2 5 4 3 2 3
5 2 5 1 3 3 1 5 1 2 1
6 4 3 3 3 6 4 3 3 3 6
7 2 5 2 4 5 4 5 4 5 6
8 4 2 2 4 2 6 4 4 6 4
9 6 3 2 4 1 6 4 4 4 4
10 3 2 4 4 2 3 2 4 4 2
1 4 3 4 7 3 6 4 4 8 3
12 5 6 7 7 4 7 6 i 7 4
13 4 4 3 5 4 6 6 6 6 5
14 2 3 7 4 1 2 3 6 6 1
15 4 4 4 4 4 4 4 4 4 4
16 1 1 1 1 1 1 1 1 1 2
17 3 2 1 3 5 6 5 4 5 4
18 3 4 3 4 4 3 4 3 4 4
19 4 4 6 7 6 5 6 6 6 7
20 2 3 3 3 5 2 4 3 4 4
21 3 5 5 4 5 3 6 4 4 5
22 1 2 2 2 3 1 1 2 2 4
23 1 1 1 1 1 1 1 1 1 3
24 2 2 2 2 3 2 2 2 2 2
25 4 4 3.5 4 7 4 4 4 4 6
26 2 2 2 2 2 4 4 4 4 4
27 5 4 4 7 6 4 4 4 7 6
28 1 2 1 3 1 4 4 3 4 4
29 2 1 3 4 1 2 1 3 4 1
30 2 3 3 3 5 2 4 3 4 4
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ﬂ'ﬂllll“’fl\i ﬂ'ﬂll“’iﬁf]’)
KDML KDML KDML KDML KDML KDML
VAR gy 105+ 105+ 105+ koMb 105+ 105+ 105+
105+ 10% 105+

105 e 0.4% 0.8% 0.2% 105 e 0.4% 0.8% 0.2%

WRF WRF KGM WRF WRF KGM
1 3 3 2 3 3 2 2 2 2 2
2 3 2 1 2 2 3 2 1 2 2
3 2 1 1 3 1 1 1 2 1 1
4 2 2 2 3 1 3 2 3 3 2
5 4 2 3 2 1 4 2 3 3 2
6 6 5 6 8 4 6 5 8 7 4
7 2 3 1 2 2 2 3 2 2 2
8 4 1 2 2 3 4 4 4 4 4
9 1 1 2 1 2 1 1 2 1 2
10 3 4 5 3 5 6 1 1 2 5
11 2 2 2 2 3 S 5 5 5 5
12 1 2 1 1 2 1 1 1 1 1
13 4 6 5 6 4 5 6 5 3 3
14 1 1 1 1 1 1 1 1 1 1
15 2 2 2 7 1 3 2 2 4 2
16 2 3 3 5 1 3 2 2 4 2
17 3 2 5 6 2 3 5 3 6 2
18 3 2 2 1 3 4 4 3 1 4
19 3 5 1 6 3 3 3 1 4 3
20 4 2 2 3 3 4 3 3 4 4
21 2 1 1 3 2 2 2 2 2 2
22 2 3 3 4 4 1 1 2 5 4
23 3 2 1 6 4 3 3 2 4 3
24 4 3 3 5 4 3 3 3 4 4
25 2 3 3 2 2 1 1 1 1 1
26 3 4 3 4 6 3 6 3 6 6
27 3 2 3 3 3 2 1 2 3 2
28 2 2 1 4 2 2 2 1 4 3
29 4 6 5 6 3 2 6 6 4 2
30 4 3 3 3 1 4 4 4 3 3
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KDML 105

KDML 105 + 0.8% WRF

< Ja
AUV (FIN 1 1AL 2)

~ 4
ANUNUYY (FIN 1 Lag 2)

2 J 4
ATULUN (FIN 1 1ag 2)

~ A
ANV UG (KN 1 U 2)

AN
b Yrunang 57 A Yunans 57 b 1unan 57 b Yunans 57
1 9.8 4.1 09 1.0 09 0.8 1.6 2.2 42 3.8 46 53 9.0 4.0 0.8 1.0 1.0 0.8 22 25 29 5.0 46 5.3
2 2859 46 51 44 47 07 13 4223 60 39 2550 45 51 41 47 07 30 32 13 67 33
3 6.4 59 4.0 5.6 3.5 48 3.6 54 44 6.0 7.1 6.3 5.6 59 3.6 54 45 48 4.6 6.0 6.8 6.8 7.1 7.1
4 26 3.2 22 1.3 1.8 2.0 52 49 6.8 7.2 8.4 6.8 3.0 3.0 1.1 2.3 1.9 09 49 45 8.7 64 73 7.6
5 4040 2525 2020 1015 4020 3535 3535 1515 1515 2025 3550 45 35
6 4.8 4.6 4.0 5.2 44 4.1 0.8 1.0 92 22 94 9.1 4.9 4.6 43 5.0 41 40 29 1.2 9.0 9.5 9.7 9.8
7 52 49 4.1 3.7 39 35 2.8 2.7 7.3 8.5 79 7.5 4.6 4.6 3.7 4.1 35 32 63 40 8.4 6.7 9.1 94
8 4340 3230 3022 1715 28 68 4339 3524 38 27 26 20 46 30 48 75 53 45
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KDML 105 KDML 105 + 0.8% WRF

AUN AL (61‘?117% 1 uag 2) AUV (°§l1ﬁ 1uag 2) ANV (61‘?117’; 1 uag 2) AN («1%117; 1 uag 2)

b 1unan 157 b Jrunang 57 b 1unan 157 A Yunans 57
1 4.8 4.4 49 49 49 49 0.9 0.9 09 1.1 23 09 4.8 4.4 4.0 3.9 39 44 09 1.1 28 1.4 2.8 3.3
2 9.2 9.0 6.4 9.4 7.5 109 04 0.6 1.8 0.7 0.6 0.6 7.8 9.6 62 105 6.1 88 0.6 0.5 1.4 0.8 1.1 0.6
3 54 5.8 8.1 74 54 7.1 2.6 2.0 35 25 4.6 2.1 5.5 5.8 52 5.6 54 64 43 2.1 3.0 43 43 34
4 56 6.6 52 5.8 44 54 1.5 1.5 1.8 1.1 3.1 24 5.6 5.6 52 4.6 43 48 1.2 1.8 2.2 3.8 34 42
5 4.0 6.0 50 5.0 35 50 6.0 05 2.0 2.0 5.0 3.0 6.0 5.5 3.5 4.0 30 48 1.5 35 7.0 3.3 4.5 5.0
6 55 24 4.6 2.0 53 20 1.3 23 3.0 1.0 4.0 1.9 5.6 2.2 4.7 1.6 44 19 23 48 72 7.4 6.1 8.5
7 7.4 14.7 6.8 2.7 46 2.5 1.0 0.9 1.5 1.7 2.6 2.2 6.4 3.0 5.6 5.2 6.7 52 1.0 22 1.0 3.3 2.6 3.3
8 6.7 5.3 52 53 52 50 1.0 1.7 1.0 1.2 0.7 2.1 52 4.8 4.6 4.6 45 50 0.7 2.8 2.1 2.8 2.1 32
9 53 44 48 5.8 4.0 3.8 0.9 4.2 32 33 1.3 4.6 5.8 5.0 5.0 5.6 3.8 35 39 25 2.1 6.3 6.0 3.8
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KDML 105 KDML 105 + 0.8% WRF

AUN mmwﬁq(éﬁ 1uag 2) AUV (01‘?117% 1uag 2) ANV («Bywﬁ 1uag2) AN («1%117; 1 uag 2)

b Yunans 57 b unang 57 b Yunans 57 A Yunans 57
1 55 58 4.7 54 4.7 54 0.7 0.2 1.0 0.5 0.8 0.2 55 5.0 4.6 49 48 48 03 0.8 1.0 0.9 0.8 0.8
2 70 108 85 101 85 103 0.5 0.5 0.5 0.7 0.5 0.5 9.3 10.1 8.1 100 47 100 0.5 0.8 0.5 0.8 0.8 0.5
3 53 5.6 52 54 5.6 6.3 0.8 2.3 1.1 2.5 1.5 2.3 6.2 6.8 6.5 6.5 5.5 5.8 1.5 2.4 1.1 29 1.7 2.9
4 10.6 7.4 10.6 9.0 106 9.6 0.7 2.1 1.5 0.7 1.1 0.9 8.5 8.0 7.6 7.7 6.5 6.7 1.8 1.1 1.9 1.5 1.8 1.8
5 4.3 4.0 4.5 4.8 30 50 1.0 0.5 1.3 0.8 0.8 1.0 4.0 4.5 1.5 4.0 2.0 3.8 20 1.0 22 1.5 3.0 1.0
6 53 54 1.8 4.8 5.7 2.2 22 1.8 29 4.0 44 2.7 46 5.4 3.0 5.7 1.3 1.5 41 22 34 52 4.7 4.6
7 53 5.7 52 59 51 54 1.1 0.6 1.5 0.9 1.1 0.8 5.8 5.1 5.1 49 50 58 22 1.3 1.8 2.6 2.6 1.5
8 7.6 7.4 6.4 6.3 76 74 0.8 1.0 0.8 1.0 0.8 1.0 6.4 6.8 62 7.4 64 74 1.1 1.0 1.1 1.0 1.1 1.0
9 6.9 7.6 6.5 6.8 7.9 8.7 4.0 4.1 23 2.6 6.9 6.3 6.2 6.3 39 3.6 7.6 83 32 55 32 35 32 74
10 5.7 5.0 5.6 5.2 59 58 0.8 1.8 1.4 0.7 0.5 04 5.8 5.7 53 5.6 5.7 5.6 1.0 0.5 22 09 0.6 0.5
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s0UN 1
KDML 105 KDML 105 + 0.8% WRF
vaof AN AN AN ANUINILY)

# o thwaw 51 dweaw # e S 4 dhweew S
1 4 6 8 5 5 6 4 3 8 5 8 7
2 4 8 8 7 7 6 4 6 8 5 6 7
3 2 5 8 4 3 8 5 7 7 5 4 6
4 1 6 5 1 7 4 4 6 5 3 3 6
5 2 8 6 2 7 6 4 5 7 5 7 6
6 6 6 8 5 7 7 4 8 7 4 7 8
7 3 8 8 3 7 7 4 8 8 4 6 8
8 3 4 8 3 6 8 4 7 7 7 8 8
9 6 5 5 5 6 6 7 5 6 6 7 7
10 4 6 5 3 6 5 6 7 6 7 6 7
11 1 5 7 1 5 7 2 5 8 2 8 8
12 3 8 5 6 8 7 2 6 4 1 7 7
13 3 7 7 3 7 6 4 6 6 3 6 7
14 3 5 6 3 5 6 4 9 o, 4 9 8
15 3 8 5 5 6 4 2 8 8 2 5 7
16 5 7 7 5 6 7 4 6 4 5 4 6
17 2 7 5 3 6 6 1 7 7 1 7 8
18 3 5 5 2 3 6 4 5 6 4 7 4
19 2 9 9 2 9 9 3 9 9 3 9 9
20 3 7 6 3 6 6 3 6 6 4 3 4
21 7 8 7 7 8 7 2 7 7 2 7 8
22 4 7 7 4 6 7 3 6 6 3 6 6
23 1 8 7 6 8 7 1 3 9 2 6 4
24 2 8 7 2 6 8 3 8 4 3 7 8
25 3 6 7 5 6 7 6 6 6 6 6 4
26 5 7 7 4 6 6 3 5 6 3 6 6
27 2 4 4 4 5 7 2 7 7 4 7 6
28 4 7 6 4 7 4 3 6 6 3 4 7
29 1 6 4 1 4 5 1 8 7 2 8 8
30 2 7 6 3 8 8 1 4 9 1 9 7
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50UN 3
KDML 105 KDML 105 + 0.8% WRF
vaof AN AN AN ANUINILY)

# o thwaw 51 dweaw # e S 4 dhweew S
1 2 6 4 3 3 4 4 6 4 4 6 3
2 3 3 5 4 3 7 3 6 7 3 7 7
3 8 5 6 6 6 8 7 7 6 4 7 5
4 7 5 4 7 5 4 5 6 6 6 5 6
5 5 6 4 4 7 3 4 3 2 2 4 3
6 6 3 7 5 5 6 2 4 5 4 3 5
7 5 4 5 2 4 3 4 6 » 2 6 7
8 2 4 6 2 4 4 1 5 4 1 5 3
9 2 3 4 2 3 4 1 3 2 1 3 2
10 4 6 6 4 6 6 4 4 6 4 4 6
11 5 3 7 5 5 6 5 4 6 4 6 4
12 4 by 5 2 5 3 4 6 5 2 6 3
13 1 2 2 4 4 4 1 1 3 4 4 4
14 1 1 2 1 1 2 1 2 1 1 2 1
15 1 1 3 1 1 3 3 2 4 3 2 5
16 4 3 9 5 7 6 6 8 7 4 9 8
17 1 2 4 1 2 6 3 5 2 6 5 4
18 3 4 4 3 4 4 4 6 8 4 6 8
19 5 6 7 5 7 7 7 7 7 8 6 5
20 1 4 6 2 4 6 3 6 4 3 5 6
21 2 1 3 1 2 4 2 2 2 1 2 3
22 6 1 3 6 4 4 2 6 7 4 7 7
23 1 2 2 2 2 2 2 2 6 3 2 4
24 1 2 3 1 4 5 1 1 5 1 1 5
25 3 3 5 3 4 6 3 6 7 5 6 7
26 4 4 2 2 2 2 3 5 9 4 4 9
27 6 5 7 5 6 6 5 6 5 4 7 4
28 2 2 3 2 2 3 4 3 3 4 3 4
29 2 4 4 2 4 6 2 6 3 4 4 4
30 2 1 3 2 3 4 1 1 2 2 2 4
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50UN 5
KDML 105 KDML 105 + 0.8% WRF
vaof AN AN AN ANUINILY)

# o thwaw 51 dweaw # e S 4 dhweew S
1 2 2 4 2 3 2 2 3 2 1 3 3
2 6 5 7 1 2 2 6 7 8 1 1 2
3 2 1 1 2 1 1 2 1 1 2 1 1
4 1 3 2 2 3 1 2 2 1 & 2 2
5 3 3 2 2 3 1 2 2 1 3 2 2
6 6 5 4 6 5 5 7 4 6 6 5 4
7 2 2 3 3 4 4 4 3 3 2 3 2
8 3 3 4 3 3 2 3 6 2 3 6 4
9 2 4 6 4 5 5 4 5 5 5 5 5
10 2 - 2 4 2 6 4 3 2 2 2 2
11 2 2 2 1 1 1 1 1 4 1 1 1
12 1 2 2 3 2 2 3 2 2 1 2 2
13 3 3 3 3 3 4 3 4 4 3 3 3
14 1 1 2 L 1 3 1 2 > 4 3 3
15 3 1 2 3 2 3 3 1 5 3 2 2
16 7 4 3 6 5 4 5 7 6 4 7 5
17 4 9 5 6 9 4 8 7 6 8 5 7
18 4 4 3 2 4 4 g 4 4 4 4 3
19 2 1 2 2 1 2 2 2 3 1 2 2
20 2 2 3 2 2 4 1 3 4 2 3 3
21 3 3 2 1 2 1 1 2 1 2 1 1
22 2 6 7 3 3 2 4 7 5 3 4 6
23 2 1 1 1 1 1 1 2 3 1 1 1
24 2 3 2 2 4 3 2 2 2 3 3 2
25 2 4 2 5 5 5 2 2 2 5 5 5
26 3 2 4 2 2 4 3 4 6 3 4 3
27 2 1 2 1 1 1 1 1 1 2 1 2
28 2 3 1 2 3 3 4 1 2 3 4 5
29 2 3 4 1 3 3 1 2 3 2 2 4

30 2 2 5 1 4 5 1 3 4 2 3 6
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instrumental parameters of texture and sensory evaluation of frozen
cooked rice. The 11" IFT Annual Meeting & Food Expo, June 11-14,
2011, Louisiana, USA. (Poster presentation)
3. Prasertthaijaroen, P. and S. Charoenrein. 2011. Improving the Texture
of Frozen Cooked Rice (Oryza sativa L.) cv. Khao Dawk Mali 105. The
6" International Conference on Starch Technology, February 13-14,
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