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Optimization of Extrusion-Cooking Conditions for Rice Flour : Temperature, Moisture Content, and
Ratio of Premixes for Extrudates
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_ABSTRACT

The effects of process variables on physical properties of
extrudates using extrusion process comprised raw
materials and process conditions were investigated.
Moisture, protein, amylose content and particle size of
corn and broken rice flour were analysed. Three types
of raw materials sesame oil, corn flour, and broken rice
flour were mixed in different ratio (ranging from 0-1) to
study performance of extruder, Two process conditions:
temperature (ranging from 150 to 180°C) and moisture
of raw material {ranging from 14 to 19%) were used to
study the effected on physical properties i.e. expansion
ratio, bulk density, water absorption index, percent wa-
ter solubility, hardness, lightness,and color of products.
D-optimal design was used to relate the process vari-
ables to physical properties of products which provided
high expansion, low bulk density and low hardness. The
optimal conditions for the products obtained from the
models were the mixtures of 2% sesame oil , 3.5% corn
flour, 94.5% broken rice flour, with14% moisture con-

tent, and setting barrel temperature of 165°C.
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Anmesrsznavaequtls 2 afia Ae wilsdnadn wazuildnalne laaldununismaaaduuy Completely
randomized design 419U 3 91 uaziReuifeudAedningdd LSD fiszfuniuideriutanas 95

11 1BunuAnTy (AOAC, 1999)

1.2 1Bunnledu (AOAC, 1999)

1.3 1Funnlidsfiu  (AOAC, 1999)

1.4 fsunuuefilaa  (Juliano, 1981)

1.5 1umaynIm  (Jindal, 1985)
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3. NMEATIARALANLANNNIENITNIDINAAIUN

3.1 AmIIN1INEFD  (Expansion) (Ryu and Walker, 1995)

3.2 ANVUALUL  (Bulk density) (8103 198uNT uazAtly, 2541)

3.3 ANl (Hardness) (Bourne, 2002) Avuudtlianqageantaensiinmanadludiusa (force)
lunisnaAsausn Aaaiaded Texture Analyzer 11474 10 41 TneldWaTnuLy Ottawa celi with wide blade
extrusion plate

3.4 ﬁ?’?ﬂ]ﬁmi‘@m‘iﬁ (Water absorption Index, WAI) (Gomez et al., 1988)

35 %’Eﬂ@:nﬁ?mmﬂﬁﬁ (Percent Water Solubility, WS) (Gomez et al,, 1988)
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1. avfdsznaumiuail uazauinayniaeae aasutlidnalng wazutladinadn
asAtsznaumiueil  uarauInaynARftaaedaatiuii fuanslu Table 1

Table 1. Chemical compositions and average particle size of corn flour and broken rice fiour

Chemical compositions and average Flour

particle size Corn Broken rice

1. Chemical compositions

1.1 Moisture content (% d.b.) 10.2 12.1

1.2 Protein (% d.b.) 0.26 9.65

1.3 Qil (% d.b.) 0.10 0.32

1.4 Amylose (% d.b.) 30.57 26.28
2.Average particle size (mm) 80 + 3.21 112.20 + 20.52

2. ANURANIINENIN

Tun1safreuuuarasmeadindanfiaald Polynomial Regression afunsmudNWUSTEudnesauls
faszuaziulsan Taelddeyalu Taple 2
2.1 AMTINITNAIA2 (Expansion)

Y1
(R®

-6.81 +6.45A +11.25B +11.08C -88.91D +8122.7D2 +13.03AC
060) ... (2)

anaNn11i 2 laRansnutlusazaila (Figure 1a uaz 2a) nudmauthdanauazutledind ddmam
ol A H - z o’ U o ar Y 1] ar U
nMInevsngangangmgil 150 asamaidua TaeFuraondunnszduazldardnsniswassiafimaiuean

fnsninasdagegnrasutiidtainaagi 4.39 wih uildhaldafidrdnsiniswessageaniviniu 4.35 IaatfFunn
ndutetar 14 15 16.5 uaz 19 WAERINIwesaf liuandnefiu duiidinadBinuasduiifine
AR ANERIINITND IR ARTUTT I Tﬂﬂﬁmmm:‘wmﬁqﬁfmzﬁuﬁuqmmﬁﬁh’f Lﬁmﬁ'uqmuqﬁmn 150
svrLaaiEna Tlaufegnund 165 asanades Annszduresiuinmeudu Amdnsmnimasdaazilen
anaslntazanaimgn Agungi 165 asAnaadaaaniuileiuguunfisellauis 180 asAaadan
ﬁﬁfej"mqmawmﬁwzﬁmLﬁ'u%umuqmmﬁﬁﬁu%u deuFeuifinndnmnimesdaszudnsuiledratwaiu
uilidraidy wudngmsnimmessnassutliinanagendn iesanuilednnaditBunuefilasgandutisdaga
wifl i ulusdunarlesusndiuileingdn wilfidiiunuedlaageazgairdinduazaaneFuansld
4INN91 (Chinnaswamy and Hanna,1988) ussnInmesaazansadeFunnllsiuuss latuiudulae
Wsiuazilasulassakieann fold uaz unfold Wnifluuatgadenseuidautls ﬁmﬁumeqmﬁw Mlidautle
wasdaldtinnaaninfiniearflumdudeanas (Badrie and Mellowed,1992) Tuansitladuarunsnsandaiu
wefilaiwadiuuazuefilaaiinidusssznenidadeuillazarnih fefluadudanimmasfauazniniia
W lurdu (Arambula-Villa et al.2001)
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289NARN A (Figure 3a) wm’qﬂ"mmnwwmﬁaggmmmNﬁmﬁm%@:mﬁiﬁmmum@-q&ﬁﬁ’um'ﬁ'@a@: 2 utls
Hraktanes 98 annziriesile grumgll 150 avrnieadaa UhnuanuTuyhuasas 14 15 16.5 uaz 19
Wirndnmnimwasdagaganiniu e 4.51 v wudmhanasesiilidnsnmesiagegatiuazilladfuedoy
fauay 2 widefinafinlutululenar 3 AdamnmwestedafusTiAanad daAAREITLNIMAGE DY
llo et al. (1999) 299897197 m3Lﬁuﬂ?mmhﬁu@vﬂwﬁﬂﬁuﬂLaﬂmmuiwdwmﬂénwg'ﬁl’uﬁﬁmmm Weign
fuanifulifazinlddnsniswassiasnss

2.2 AANNNUILUY ( Bulk density )

Y2
(R®

-0.19+0.36B+0.29C +276.82D + 2.49E-0.17BC - 82.07BD- 276.97CD
0.70) (3)

anaungi 3 afarsnnutiausazain (Figure 1o uat 26) wudiutledntwai Arannumusiusngs
Aawiniu 0.12 nfw/au.au ﬁqmuqﬁ 180 asATadns WetBumeaaduriniulenas 14 15 16.5 uaz 19
aziArA UL AL dauutliiadduiianasumnuiusigs 0.10 nfw/au.an Aguugdl 150 156
165 171 uay 180 avrTaifus waziBunnprwTulenas 14 uaz 15 wm‘nﬁhmmumuﬂuﬁmqﬁia:ﬁu
199ANTUTREAT 19 Lf'immnﬂ?mmﬁﬂué’mqﬁu’lﬂmm?m:mgmnm'l.ﬁuum‘lummﬁummL?fmm:‘?i
wanfusTinueananuiulau Sefhhwaelulasiairanimesiaddaid (Uszeuazqrindnual, 2542)

ArdRRusIa9Te uildnalng wiledhandn fqmuqﬁLL@:ﬂ‘émmﬂqm%uﬁﬁsi@mmﬁwmuuu
WAINARATS (Figure 3b) wm‘wﬁhmwwmmiwé"m;mmwﬁmﬁm*ﬁ@:mﬁd’mmwmLL‘]’JﬁWTWﬂ%’@ﬂ@: 50
utldaidn¥ena 50 figuugd 171 Banaupruiutenas 14 uazfigumnil 180 asdntaiina sy
$auar 14 ez 15 TaelfAAamunuiusgawinfude 0.07 nfw/au.Tu.

P ¥
2.3 m591UNTTAMUN ( Water absorption index )

N

Y3
(R®

132.50 -111.07A -363.99B -127.96C -109.30D+237.10 B> +170.68AB +240.10BC
0.72) (4)

Il

mnmumi%} 4 L:‘ﬂﬂﬁm?mmﬂumaaﬂﬁm (Figure 1c way 2c) wudnautldna nanazuilednadndl
mﬂumimmmqqmmmmmu 150 asAnaidea tauLFunnANTUNTY mm:’lﬁﬁhmﬁﬁmmmﬁqwhﬁu
mmﬂummmmqaammLLﬂwmiwmﬂ@ 5.61 W1 dauutladnaidnRaminiy 4.54 i wudnigugi 150
sernmaien wazBunnpuTuenas 14 15 16.5 Az 19 mmmi‘numi@mmwiuLLmnmNnu uiladaine
uavuﬂwmmumsmummmmmammnu 4.52 UAY 3.45 Wi mINATAL uﬂnmnumwmﬂmmuqu 180
avrnmaies wazBunmeaEulenas 14 15 16.5 uaz 19 ummwummmmwimmnmqnu eIl
%umiuuu@mmm&*ﬂums@mm’nmmmnmm LLmma‘mummmm@”wnuamwnu wququmvmum
(150 23ATNIALTHA) mmﬂumim@mwvgnsvmmmlﬁmmmfmdnuf»:”ummnfmmﬂ*nqmuqmvmuqmaw
180 asAadua luynssduliuimuaauiu mamainisgatheesuildnalnauazuiiinadn lrnamilou
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fuaanAdeaeiuIEN1uIed Balandran - Quintana et al. (1998)ﬁnquﬁmmwﬁmmmﬁwv{iﬁqmqwqmw X
150 a4ALTaITad Lu@uﬁ'ﬂummmmﬂumsqmuwmLLﬂwmiwmnumm wudutlininedidassedl
miqmm@qnmuﬂmqm dasanuildainafiiuaueilasfiginindsgaiuaziianinaailusduls
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18IL AR UN (Figure 3c) wummmimumi@mm@mM@wamﬂmmmﬂgjwﬁmwmmuﬂwm‘[wamuﬂq
& d

dnaduniniu 1 : 1 wamunu 150 mmvmvﬁﬂa UFnnipnnmunfatas 1415 16.5 uaz 19 AalsAninu

Ae 5.83 11 Lmzmmﬁ‘nuﬂw@mmmqm‘nmmmnmmummmu 3.06 Wthifunfenas 3 ulldninateuay

- { a ¥ o
97 4NM1LUBNLATRIAS NYMUAR 180 avAaaldua UTunniaanauiansy 14 15 16.5 uaz 19
[ ¥
2.4 FR8REN1TREAYUT ( Percent water solubility )

Y4 = 1981.09-76516.42A -1955.88B
-3925.63C+(4.815 X 10°)D+ 78850.63A% +1961.04C? -(2.860 X 10°)D? +75003.11AB+ 76840.77AC
—(4.388 X 10°)AD +1962.57BC —(4.829 X 10°)BD
-(4.828 X 10°)CD

(RP®= 098) e (5)

d | C e . .
AINFNNITN 5 WeRansunutlusazeila (Figure 1d uaz 2d) wudnutledinalng uazuiledaidn
‘; i - z U
"Fauaznisaranun gegaiquunl 180 asAnmaides AN TuFeuas 14 15 16.5 uaz 19 A1

<
AL
v ‘5 el' k7 W i3 1 ar LI
ﬁ“ﬂﬂ@ﬁﬂ’]?@:ﬁ@?ﬂu’@\iﬂ?ﬁﬂ‘ﬂﬂdLLﬂ\i‘ﬂ’]'ﬁ‘Wﬂ uazutledndn windu 17.39 uaz 52.10 ANAAU

Table 2 . Expansion ratio, bulk density, water absorption index (WAI), percent water solubility (WS), hardness,

lightness (L*), redness (a*) and yellowness (b*) of extrudates.

Experi- Rew materials(%) 1 Temp  Moisture Expansion| Bulk WAI WS | Hardness | Color Value®
mental e came | corn | broken | (‘C) | content | (times) | density |(Times) | (%) (g.) . . .
unit oil flour  rice flour | (% w.b.) - {g./mi) ) 2 °
1 3 97 0 150 14 4.34 0.18 4.63 40.98 118499.68 | 53.39 -1.4 5.46
2 0 0 100 150 14 4.29 0.1 4,26 15.74 7658.16 61.85 0.43 12.33
3 0 100 0 150 14 4.47 0.19 5.39 22.31 120145.21 | 61.86 -1.71 5.34
4 3 97 0 150 14 ‘ 4.31 0.17 3.21 44,01 ([14745.02 | 50.41 -1.66 5.37
5 0 100 0 150 14 4.31 0.17 6.18 28.09 [17180.61 | 58.36 -1.8 5.65
6 1.5 98.5 0 150 16.5 4.24 0.18 4.02 3599 | 17646.5 | 52.27 -1.78 | 5.6
7 3 0 97 150 16.5 4.35 0.09 5.48 17.21 7028.14 | 62.27 0.07 10.41
8 3 48.5 48.5 150 18 4.39 0.11 5.79 25.97 [14531.77 | 55.63 -0.44 | 8.97
9 1.5 49.25 49.25 150 19 4.22 0.13 6.16 24.1 12086.26 | 50.32 -1.61 6.88
10 0 0 100 150 19 4.23 0.13 5.82 17.62 |12432.79 | 61.61 -0.24 |10.15
" 0 100 0 150 19 4.24 0.18 4.39 4717 |19544.96 | 58.92 -1.85 5.97
12 0 0 100 150 19 4.06 0.15 5.55 16.87 |14177.79 | 61.25 -0.28 9.86
13 0 100 0 150 19 4,42 0.18 4,78 43.05 |7845.98 61.61 -1.8 6.01
'l 14 1 74 25 156 15 4.43 0.17 4.56 31.23 {13034.85 | 50.69 -1.64 | 5.54
N .\TS__J 1 J
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2
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( Cont.)

Experi- Rew materials(%) I Temp | Moisture [Expansion] Bulk WAI WS Hardness Color Value® ‘T\
mental [ ame | com | broken | (C) | content | (times) |density |(Times) | (%) (g.) L - T’
it oit | flour |rice flour (% w.b.) (g./ml)
-
15 1 25 74 156 15 4.36 0.07 6.21 25.34 7907.59 49.88 -1.3 7.3
16 0 0 100 165 14 3.74 0.1 4.86 16.19 (110039.31 | 62.31 1.01 13.27
17 1.5 98.5 0 165 14 3.97 0.15 4.62 35.43 |11552.02 | 60.46 -1.25 6.21
18 0 50 50 165 16.5 3.93 0.13 4.27 40.16 |10418.16 | 61.98 -0.79 8.2
19 3 97 0 165 16.5 3.87 0.23 2.57 55.4 11976.77 | 54.72 -0.71 7
20 2 25 73 171 15 4.2 0.13 543 33.16 | 8096.59 | 59.05 -0.31 9.18
21 2 73 25 171 15 4,22 0.15 4.31 46.88 (11394.19 | 58.26 -0.56 9.1
22 0 0 100 180 14 4.18 0.1 5.40 21.82 110078.81 | 61.18 0.89 12.41
23 1.5 0 98.5 180 14 4.22 0.22 4.38 27.66 | 9997.75 | 62.18 0.21 10.78
24 0 100 0 180 14 4.3 0.16 3.238 82.10 |{18745.54 | 59.63 -1.66 5.94
25 3 48.5 48.5 180 14 4 0.14 4.18 42.07 8908.8 55.21 -0.16 8.78
Model 2 3.5 94.5 165 14 4.12 0.12 4.86 21.47 7751.11 63.30 -0.06 |[10.23 |
Epr 2 3.5 94.5 165 14 4.33 0.09 5.10 17.6 7264.95 50.10 -0.21 10.33
i _ 4
® L* a* b* are color value in CIE LAB
® Exp = Experimentation
Rice
st
. s W 0099
st Wl 0.102
-, a2 W 0.105
m 4z I 0.108
=1 42 &4 0110
42 =1 0113
_ —pes 0118
1.8 [ RX] . 0.119
148150158180 168 17078180186 ) A 0122
e - i
Expansion ration (1a) Bulk density (1b)
. 3397 W 10.193
Wl 353 W 10.788
Bl 3862 W 11.379
Bl 3795 11972
B 3927 [ 12.585
1 4.060 =3 13.157
. 4192 . 13750
. 4325 . 14.343
1.5 i i W 4457 s H i j o 14936
1A=150158160165 170 178180188 - 4.59 14315015518016517017S180485 . 1552
TEMP R above TEMP W sbove

254

Water absorption (1¢)

N

Percent solubility index (1d)
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e

Hardness (1e) Lightness (1f)

Figure 1.Effect of temperatures and moisture contents of broken rice flour on responsed of the physical
properties of extrudates. (partial)
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Hardness (2e) Lightness (2f)

Figure 2.Effect of temperatures and moisture contents of corn flour on responsed of the physical

properties of extrudates. (partial)
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I 5068384
mE 2=
10042.820 mg
12172.180 Q235
B 15823910 R 104488
N 15549270 N 105.740
= s 4]
I sbovs
Hardness (3e) Lightness (3f)

Figure 3.Effect of sesame oil, corn flour, broken rice flour, temperatures and moisture contents on the

physical properties of extrudates. (partial)
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2.5 ANANWAS ( Hardness )
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R = 062) e, (6)
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2.6 ATAMHAING (L*)

L = 60.58 +188.65A -27.8B +95.29D - 2181.45E + 27.58B* + (2.221 X 10°)E?
-438.55AB + (4.191 X 10°)DE
(R? = 0.78) e 7)
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0.92) (9)
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