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Abstract

Chainat rice flour (amylose 32.9%) was extruded as reformed rice grains using a co-
rotating twin screw extruder with a rice-shaped die. The extrusion moistures (em) were studied at
28% and 33% and the barrel temperatures were varied at 90°C and 110°C. The feed rate and
screw speed were set at 0.5 kg/hr and 30 rpm respectively. Reformed rice showed a lower
cooking time of 4-8 minutes, but a higher water intake of 13-29%. Its stickiness and back
extrusion force were higher than those of native rice. Reformed rice had the highest alkali
spreading value of 7, which was higher than that of native rice grain with the value of 6. Images
from the scanning electron microscope revealed that the structure of reformed rice did not show a
polygonal granular structure. The images of a cross-section of reformed rice showed a compact
homogeneous mass. The reformed rice flour exhibited a higher degree of gelatinization (DG, 22 —
49%), water absorption index (WAI, 1.53 — 15.58 g/g) and water solubility index (WSI, 2.73 —
4.21%) than those of native rice flour. The DG was increased when the extrusion moisture and the
barrel temperature were higher. An increase in extrusion moisture raised WAI, WSI, minimum
cooking time, percentage water intake, and the stickiness and back extrusion force of reformed
rice. Wide Angle X-ray Scattering (WAXS) demonstrated that the reformed rice flour using
conditions of extrusion at em 28% + 9OOC, em28% + 110°C and em33% + 90°C showed an A
+ V-type pattern crystalline structure but that of em33% +1 10°C had a V-type structure. The
thermal properties were studied by using a Differential Scanning Colorimeter. The reformed rice
flours showed a higher onset temperature (To), peak temperature (Tp) and conclusion temperature
(Tc) than those of native rice flour. The To, Tp and Tc of reformed rice flour at em33% +1 10°C
were the highest, being 104, 109 and 1 17OC, respectively.

Keywords : Reformed rice, Extrusion, Physical properties, Physicochemical peoperties
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Screw element type No. of amount
1.5D Feed screw 2
1.0D Feed screw 2

60° Forward paddle 6
1.5D Feed screw 2
1.0D Feed screw 2

60° Forward paddle 5
1.5D Feed screw 1
1.0D Feed screw 1

60° Forward paddle 3

1.0D Single lead screw 2
60° Forward paddle 5
1.0D Single lead screw 3
60° Forward paddle 3
1.0D Single lead screw 1
1.0D Disch Single lead screw 1
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QaUHNUNIA (°C) QUNYNUUFTATIIN 1-4 (°C)
90 55/90/90/90
110 55/110/ 110/ 110

a A 2 ) 7w
MINN 3.3 LLWUﬂ1§ﬂﬂﬁ@\1ﬂ1ﬁ”ﬂ1ﬁﬂlugﬂm131ﬂﬂﬂﬁgﬂﬂ‘l‘!ﬂ"ﬁ!@ﬂ“}fﬂgsﬁu

anuyuvesingaumealuuusa

Exeriment run amgiivusasafi 2-4 (°C)
(%)
1 28 90
2 28 110
3 33 90
4 33 110

342 MINATOUAUMNNWNISHIAN (Cooking quality)
3.4.2.1 MITNIZEZNAIUNMTHIAY (cooking time)
v as A v o 1 Y 2 o
aaag91n N304 Singh et al. (2007) IagFiA10819 10U
o [ +i 9 1 o a a ’o‘ ) Iy A
dszainw 5 a5 lalunszilesTangauriuguanais 3.5 wuawasmuinaulvulsuamn
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2 A 1 % [ o =" =1
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¥
3422 mevfinanihnlglunsyedu
AnaL1aa91nI5n15v0 Sodhi, Singh, Aroraand Singh (2003) 1AgHs
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343 mﬁmaauqmauﬁ’ﬁé’nymxsfzaﬁuﬁa (textural properties)

ﬁwmﬁmiwﬁﬁﬂymwmﬁaﬁ’uﬁ'mm%’nqa Aauaan 1T v
Leelayuthsoontorn and Thipayarat (2006) H95ARI01AS 09 Texture Analyzer Fai210819 10 N1
lanseiloaTanadurugudnats 3.5 wudmas @uhndushiulSinahi 19l unsyad
Al 3.42.2 ﬁw”lﬂaw“luéwjm’mﬂuqmmﬁ 100 °C 3UA3£IIGN %uagjﬁmwznamm
%0 3.42.1 miudlarhudasenia B1didu 6 $rlua e ldawdudigauga i1l Samunia
matioduia Tasl9ins 04 Texture Analyzer Tag 1947238 cylinder probe P/35 1A% f 11 1@
AN lumMsia 5.0 mm/s Sasveansanasaniolun1sue (Back extrusion foree) ABHUIY

o v o 1 a I 1 J o
381 mmi’mmamqﬁqmﬂguﬁjm ponNNuAIANWH TN (Stickiness) LALAULIINADA

melumrug (Back extrusion force)

H 1 o A o cé} Q/ L
MI9N 3.4 ﬂWETﬂYJgSL‘L!ﬂﬁ’Jﬂﬂﬂ!ﬁNU@ﬁﬂ’]&lmglu@ﬁNNﬁ

annie A1
Pre test speed 1 mm/sec
Test speed 5 mm/sec
Post test speed 5 mm/sec
Target mode Distance
Distance 5 mm
Trigger type Auto(force)
Time 5 sec
Trigger force 5¢g

a d [y
3.4.4 MINANZHANNMIT UM A luansazanenua
o a 4 Y] A
MNIAATIEHANVAITD TUPIsTaatead luaIsazateud a1uI5N15Ue
J v Aa I I a
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UBINAAUNY 7 = mammﬁmamﬁmi@a”lumuaﬂymzmaﬂmnmaaaq WEAIANINTINN 3.1
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NN : 959U UHYINA (2547)
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3.4.5 Msan¥lassa3aganadIenae ganssAudannIeUrHATEINIIA
(scanning electron microscope; SEM)
o =2 9 Y Y Ia a 1
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3.5.1.1 MIINTHILAUMINAAR IUTUVDEAT ¥ (degree of gelatinization)
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Y} s a i A a < Ay
droou laing Iaeziiiae (amyloglucosidase) 1 40 oA T AT 1Hu1a1 30 A udIMya
UfifSe1d10a15aza10lasAnan 1502 Fan (thrichloroaceticacid) A 21 1
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A Y o o Aaan [ . (% 1 A A
18110191110 §A5 810D PGO enzyme (Sigma, P7119) Taa1n13ganauuasi 440 u1Tu
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Y =[100(B-k)]/(A-k) ; k = [A(C-B)]/(A-2B+C)

1 % 1 a Y 4
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1 A @ ] A Y 9 A ] =1
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v Y
3.5.1.2 mmmaﬂiﬂGlumi’éluumazazmﬂm (Water absorption index (WAI),
water solubility index (WSI))
= vy % 3 as Y J
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3.5.1.3 msulasunasdanvaznelnssad1andn (Crystallinity)
Anp1anyaeN191nsaa319NaNAI8 Wide Angle X-ray Scattering
(WAXS) & ao1tiudveuaaduInsnsou a1tdun15 beam line2.2: SAXS Taaldaiedrauils

1 9
Ysua 20 faansu asluiaglddiedegailadroosdozgiitisuisaosdruudanirlal

G

v v A 4

a d o J @ @ J 1 ] 1 1
INTIZHMAUAANAIUSITO N 8keV TUNITIA Nmaﬂﬁngﬂmmuiuuuauaumﬁﬂslﬁ
9y

L} q

a =®

] v ]
f19819N1219 Tunuaa ﬁmﬁmamﬁqquuwm (25°C) 528N INAINAIDYNNNIAITU
o 1w a a a @ o
gy (image plate detector) tN1NU 300 HAALNAT LL‘]_IiWﬁﬂ?iﬂi%!ﬁﬂﬂﬂl@\‘]iﬂalﬂﬂ“ﬁﬁ)’w

Tasunsy SAXSIT 3.52
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a L4 ) a a Y @ A a
WIn s gRaiansnanan1d lussuae DSC Tagldonsinisiiugangil 10 99
= 1 =t = = Y 1 g v 9 a o
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a 4 aA a a &Y a
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gUAAY0INTINANAAIA 1T (peak temperature, Tp), QUUANFAMBYDINITIAALIAAIA 11
15U (conclusion temperature, Tc) HAZFNUHANNVRINTAANANA lsFY (T-T) Taold

11511051 STAResoftware (Mettler-Toledo)

a q aa
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a 4
INUHUNITNAN DLV U Completely Randomized Design (CRD) Wnszviveyalaaly

U

Tisunsunouiames SPSS 10.0.1 (SPSS Inc., Ilinois, USA) LAZNAA D UANUUANAIIAI8TT

Duncan’s Multiple Range Test (DMRT)
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H W g = 5 % U
51 4.1 dnvazlsinguestniuginFeuieuiudimsiugFoum (a) em 28% +90°C
(b) em28% + 110°C (c) em 33% +90°C (d) Ta15 iU Foum

(em : extrusion moisture)
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33% mc, 110°C -
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(a) (b)

(c) (d)
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31]“" 4.4 aﬂymz"ummaWUTJ‘Uugﬂuazmnmiwu‘ﬁqﬁvﬂumﬂﬁa1meGluﬁﬁaszJmﬁ

(a) em 28% + 90°C (b) em28% + 110°C (c) em 33% + 90°C

v o k .
(d ﬂTW’JﬁﬁW‘LJ‘I;“HEJMWI (em : extrusion moisture)

H [ a a % .. . Y 9 3
3190 4.6 ZAUMIINANANIA IUIEFY (Degree of gelatinization, DG) voudladmaugl

Extrusion moisture (%) Barrel temperature (°C) DG (%)
28 90 38"
28 110 48°
33 90 54°
33 110 65"
native rice flour 16°
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3190 4.7 MArHNITRATUU (Water Absorption Index, WAI) azA1a%in15azals

F
(Water Solubility Index , WSI) veatdletnyugil

Extrusion moisture (%) Barrel temperature (°C) WAI (g/g) WSI (%)
28 90 3.36° 5.62°
28 110 4.57° 6.02°
33 90 7.42° 7.10°
33 110 17.41° 6.09"
native rice flour 1.83° 2.89°

o w

[l Y
A9 NI NUANANN U UL LEaIn VAN e d T Bd AN aD A (p<0.05)
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a J A -4
4.5 MIINSHAUANTANINMENNVDIVIVUT

4.5.1 QUMWMIHIAN (Cooking quality)
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- y 4 ; . 2 ;
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A'lui ¥ U 19891 9 Cheyneetal. (2005); Guhaetal. (1998) 4@ ¢ Chinnaswamy and Hanna.
1 Y A 4 @ J Y~ 3
(1988) swanuiuilfidunszuaumsendgngFuszansoazmeuaznIzeal laa lutiudu
A A Ay a o 3 vg oY a a
WioNgangiines uazlinnuansalunisgadinii (hydrate) I3 i@ uauss suaa
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Minimum cooking

Extrusion moisture (%) Barrel temperature (°C) % water intake
time (min)
28 90 13° 169.32°
28 110 13° 176.12°
33 90 17" 185.17°
33 110 - -
Chainat rice grain 21" 156.40°
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4.6 anvazmalassasswanveanisinavugy

o D) = L Y Y o da )

anyUzNIIATIANTNNAN (Crystallinity) Vo wuilsdrwugsouin uazuilavin
é’ [ ~ ~ A a = Y Y o ¢ o
Yuguanenazlli 4.5 uazansnan 4.10 Wenasanzduuuwanvenilaviugyeuinuay

U

é’ % a
uiledyugdninmsasnndovanvuznelaseadunanalomaiin Wide Angle x- ray

Scattering (WAXS) wunudladiugsoumlsingiia g (doublet peak) # 20 7 17 uaz 18°



40

1 1 1 % a <3
uazinlAe (singlet peak) 120 0 15 nay 23° Fauaasdalaseasananyia A uaziiy
anvuzraninylana T luuilnnsayan@ (Cheetham and Tao, 1998)

A . 2
MmN 4.9 Aanumileazusinasamelumsuzvesinnvuglyagn

Extrusion moisture Barrel temperature Back extrusion force Stickiness
(%) (°C) (2 (2
28 90 3,933° 12.95°
28 110 5,676" 23.95"
33 90 7,056 42.60'
33 110 - -
Chainat rice grain 2,641 ‘ 7.40°

9 v a

1 Y
A0 NHINUANA AU TULUIAT LAAIANULANA DI NTTIIAYNNADA (p<0.05)

A g 9 49! A a o) [e) A Aa
vauziudlidniuginanznsndnem 28% + 90°C, em 28% + 110°C ag Aan1IzNMIIHEN
em 33% +90°C 1/51n9) singlet peak 20 01 15 uag 23° 13107 doublet peak NN 20 7

o o = = v = Ao 3 o . A
17° uaz 18° Fauaaana lasaas 1WA nUUY A HanNHEUAUANHULYD Y singlet peak N
o ] { % I o % < a
Funne 209 13,19.7° Fadudnvazlaseadananuuy v daiduasidssneumdadou

1 a 1% o 4 o 4
serineesi laany vy (amylose-lipid complex) (Derycke et al., 2005) Lﬁmmﬂuﬂﬁ’nwuﬁ
o A Y3 @ a A 4 o 1 o g‘/ = v @ a
Foumildiluiagauliodsznovvesluiieg 0.65% deiuledmnnsosndanuezilad
a <3 a g (Y] v 1 4 Y A a
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PYE 4 ya ¢ o oA 9 a A o ¥ =
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I
10 A QU A+V uay v

d' = Y Y o d g 9 X
M3 4.10 JUUVVREN (Crystal pattern) VoWV MIWUTFoUN tazuilat vzl

Extrusion moisture (%) Barrel temperature (°C) Crystal pattern
28 90 A+V
28 110 A+V
33 90 A+V
33 110 \%

native rice flour A
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Intensity

Native

em28%, 90C

em28%, 110C

em33%, 90C

7 em33%, 110C

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
2 Theta
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4 v Jdo
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= 9 & v 2 7 . .
mugﬂmﬂgﬂuuumimmmummsema N (Wide Angle X-ray Scattering)

(WAXS)
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temperature, To) A1QMHHNUFIFAY0In1511A Ui a (peak temperature, Tp) 1AL A1 Y A1l
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maadi 4.11 gaamianennudouvewdidiugl wazudldiugdoumnasvae udiense Differential Scanning Colorimeter (DSC)

Q

qANNITNMINANDY To (°C) Tp (°C) Tc (°C) Tec-To (°C) AH (J/g)
28% mc + 90°C 89.65° 97.97° 106.52° 16.87" 0.76"
28% mc + 110°C 90.04° 98.03" 105.30° 15.26° 0.71°
33% mc + 90°C 89.97° 98.05" 107.09° 17.12% 0.78"
33% me + 110°C 103.59° 108.81° 117.29° 13.70° 0.53"
Native flour 67.82° 73.09° 89.77° 21.95 8.10"
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