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Rice flour was extruded using a twin-screw extruder. The results showed that expansion
ratio decreased with an increase in feed moisture (20-24%), screw speed (250-350 rpm), and
barrel temperature (160—170°C). However, the opposite effect on compression force was found.
Low density of extrudate appeared as decreasing feed moisture with increasing barrel
temperature. From Rapid Visco Analyser results, the lower cold viscosity of rice extrudate
occurred in the higher expanded extrudates. The degree of starch gelatinization showed 91-98%
in all extrusion conditions. At 10% native rice bran addition showed a non-significant difference
in torque, specific mechanical energy, expansion ratio, and compression force, compared with
rice flour extrusion. A decreased in torque, specific mechanical energy, expansion ratio, and an
increased in compression force and density were found on the extrudates of 20% native rice bran
addition (p<0.05). The effects of alkaline-sodium hydroxide treated on physical characteristics
were studied. The microstructure of alkaline-treated rice bran at 90°C exhibited more open
structure, porosity and higher water holding capacity (p<0.05) than those of native rice bran and
alkaline-treated rice bran at room temperature for 16 hours. Alkaline-treated rice bran showed a
decrease in protein, fat, ash, and starch content, but an increase in dietary fiber (p<0.01),
compared with native rice bran. The results of extrusion showed that the die pressure and

expansion ratio of 20% alkaline-treated rice bran added was higher than that of native rice bran

added (p<0.05).
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Abstract

Rice flour was extruded using a twin-screw extruder. The objectives of this investigation
were to study the effects of feed moisture content from 20-24%, screw speed from 250-350 rpm,
and barrel temperature from 160-180°C as well as the effects of 10 and 20% native rice bran
additions which affected extrusion parameters and physical characteristics of extrudates. The
results showed that expansion ratio increased with a decrease in feed moisture content, screw
speed, and barrel temperature, showing the extrusion parameters with higher torque, higher
specific mechanical energy, and higher die pressure (p<0.01). However, the opposite effect on
compression force was found. Low density of extrudate appeared as decreasing feed moisture
content but increasing barrel temperature. Density decreased with an increase in torque and
specific mechanical energy (p<0.01). From Rapid Visco Analyser results, the lower cold
viscosity occurred in the higher expanded 100% rice extrudates (p<0.01). The degree of starch
gelatinization of rice extrudate showed 91-98% in all extrusion conditions. The effects of native
rice bran additions was compared with 100% rice flour on extrusion processing. At 10% native
rice bran addition showed a non-significant difference in torque, specific mechanical energy,
expansion ratio, and compression force. A decreased in torque, specific mechanical energy,
expansion ratio, and an increased in compression force and density were found on the 20% native

rice bran added extrudates (p<0.05).
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screw element type amount length (mm)
feed screw 11D 209.00
60° forward paddles 4 19.00
feed screw 3D 57.00
60° forward paddles 4 19.00
single lead screw 2D 38.00
30° forward paddles 5 23.75
30°forward paddles 4 19.00
single lead screw 1D 19.00
60° forward paddles 6 28.50
60° forward paddles 5 23.75
single lead screw 1D 19.00
total lengths (mm) 475.00

v Y
M3197 3.2 msﬁqqmﬁgmamma

temperature in the last section temperature profile
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MIAMUIUNAIUNAIUNIE (Specific Mechanical Energy, SME)

SME (kJ/kg) = RPM (run) X % torque (run) X 2kW s (1)

500 rpm 100 feed rate (kg/s)
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sample X1 feed moisture content X2 screw speed X3 barrel temperature

code % code rpm code °c
1 -1 20 -1 250 0 170
2 -1 20 1 350 0 170
3 1 24 -1 250 0 170
4 1 24 1 350 0 170
5 -1 20 0 300 -1 160
6 -1 20 0 300 1 180
7 1 24 0 300 -1 160
8 1 24 0 300 1 180
9 0 22 -1 250 -1 160
10 0 22 -1 250 1 180
11 0 22 1 350 -1 160
12 0 22 1 350 1 180
13 0 22 0 300 0 170
14 0 22 0 300 0 170

15 0 22 0 300 0 170
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extrusion cold peak peak hot paste final
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mc ss temp (cp) (min) (cp) (cp) (cp)
20 250 170 2402.5 3.90 2332.0 261.5 665.5
20 350 170 2478.5 3.43 2149.0 200.5 482.0
24 250 170 4145.5 5.00 4231.5 340.0 870.0
24 350 170 4359.5 4.20 4132.5 240.0 607.0
20 300 160 2169.0 4.34 2083.5 227.0 550.5
20 300 180 3000.5 2.20 2484.5 213.0 498.0
24 300 160 3173.5 4.97 3352.5 328.0 803.0
24 300 180 5043.0 3.93 4636.0 249.5 636.5
22 250 160 2781.0 4.97 2881.5 388.0 821.5
22 250 180 3335.0 4.40 2990.0 268.0 682.5
22 350 160 2476.0 4.64 2472.5 257.5 627.5
22 350 180 4202.0 1.37 3064.0 199.0 475.5
22 300 170 2965.0 4.87 2889.5 227.5 587.5
22 300 170 3070.5 4.60 2957.0 230.0 605.5
22 300 170 2652.5 4.60 2557.0 206.0 586.5
raw rice | 93.0 0.07 6071.0 4038.0 6694.0
raw rice 2 86.0 0.07 5935.0 3987.0 5649.0
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* Tufianuuaneaduniaaan

A o Y o ~
WaSllmﬁm’wmmﬂ‘igﬂ‘l/mﬁE)ﬂamﬁmuuummwﬂclmgmmmmhlﬂmmvm

I A o A F4 A Lﬂy o <3 ! 4 J
3.10 WU'JHN@@’]L‘HHfni!UJ5Z‘]Jﬂ38ﬁﬂ1?$ﬂﬂ31ﬂ“ﬁu§l1llﬁ$ﬂ'}1uLﬁ?ﬁ@ﬂﬁﬂgq@] dawa lviend

a 1 J

A YA ] o <3 Y dy o =
mgmw"lﬂummwumuum i]mﬂ1wi]zmu”lmwmm%ummmmumwamaﬂmﬂaﬂuuﬂm

Q

< A k4

1 1 @ 1 { I~ [
MANUHUILLFARUNNHanMIlasulannusiseuan  Galianuaeandeanuwa
Aaov A a :l ~ o' o Y =

A35398999 Tomas et al. (1994) (9910 dSuanimdiatay I ldaanunilaveslane
P { o q ¥ @ AN va o o A to q 9

Tupusamwdu i ldendngean latimminan wazliInssomavinalugihldann
v ' ' Y v

WUMUUAT 10000 311 waasdeangmsulsglianusuiagaudwazgurgivusa

a 4 { "o ' 3 @ ' 0 a
g9 waaldiendngaaninnuvuuiud oenelsnawannzulsgldanailu1dnanln

D.

[ v

AFNgAaNLoasTIMsveeiagega  aen inoanuduiusiulwsedfsnindasms
v @ ] 4 1w o A o [ 091’ 9’t:s' @
YPIAINUANUMULUY 111899 10A1805 IMIVedINiIms Talumsanuassiilumsia
Y
dasimsvenedrvesengngmaluiinniedeminiufisniinms Tnavesendngiaaes  udsn

] v @ @ C4 us/' a QsJ‘ a
ﬂ'NiJWU']LLL!ulﬂL!ﬂ133ﬂ6ﬂ31ﬂ13mEﬂElﬁ'JGUEl\1!fJﬂ‘if‘ﬂ2LﬂWVNGlu‘Vlﬁ“VlN@I\‘]ﬂWﬂLLﬁ%ﬂﬁﬂ%‘llaﬁl')

[

o = v o Jdo o A 1
uﬂﬂﬂ']ﬁllﬁa Wafniﬂﬂ‘H']ﬂ'J']ﬂJﬁllW‘LlﬁﬂUﬂ’JLLﬂ3@]’]”ﬂ15llﬂ32ﬂ1u@l’]31\1ﬂ 3.6 NUANY

1 (YR L a @ J
Wu']LLuuﬁﬂﬁTNﬁNWUﬁﬁlul‘Hﬂﬂi\i%}ﬁJﬂUlLﬁ\WI@iﬂ (p<0.01)

i
A v %

' < 4 n ¥ 2 o Aa
’f'JEﬂ\illﬁﬂ@ﬂﬁJL’E)ﬂG])“VIE!,ﬂWVHJfJ@iWﬂTﬁﬂJEﬂﬂ@nqx‘illﬂvlﬂllﬁﬂﬁﬂﬁaﬂ‘ﬂﬂlzﬂﬂ“llﬂﬁ

a

a o J J Ao v o W A 9
Waﬁﬂﬂ!‘ﬂlﬁu@l’lﬂ LWﬁwmﬂﬁmgmsﬁlﬂmﬁi1ﬂ1iﬂlﬁnﬂﬁamaulummﬂmmﬂﬁgﬂﬂaﬂqm‘ﬁﬂn

U

= Y a a J o < J Ay a Y o
vusage uaziiszaumaianaad ludeduge  erdluengngaaigus Tnalimssenusy
ganauwsglanuruududinm - maudsgldsgurgivusageihldanumuiiuves

o ° Y A J A g = Y o Ao 1
ndngmadiadldiiiown wadgngeanudazimsveeilunusaidias ualinmsvee

[

o 42‘ =2 A 1 A a L4 dy 4 AN Y =}
ﬂ’JGlIWINEJTNJWﬂGUM ﬁNiJWﬁﬁﬂﬂﬁ!WiJ‘]Jﬁﬂﬂﬂﬁﬂl@ﬂL@ﬂ“]m‘glﬂﬂ UfJﬂMﬂULﬂﬂ“ﬁ‘ﬂ?’Lﬂ@mqﬂ Ny



100% Rice Flour

90% Rice Flour
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Abstract

The alteration of rice bran on physical characteristics was studied after treating with
alkaline-sodium hydroxide pH 9.0-11.0. The objectives of this investigation were to study the
effects of temperature and time on structure and water holding capacity of rice bran. The 20%
alkaline-treated rice bran was added in rice flour extrusion cooking. Extrusion parameters and
physical characteristics of extrudates between native rice bran addition and alkaline-treated rice
bran addition were compared on the same extrusion conditions. The scanning electron
microscope result showed that alkaline-treated rice bran at 90°C for 1-16 hours exhibited more
open structure and porosity than those of alkaline-treated rice bran at room temperature for 16
hours. An increased heating time caused more fragmentation in rice bran. The water holding
capacity of alkaline-treated rice bran was higher than that of native rice bran (p<0.05). Heating
process in alkaline treatment yielded higher water holding capacity than those at room
temperature (p<0.05). Alkaline-treated rice bran with 90°C for 1 hour showed a decrease in
protein, fat, ash, and starch content, but an increase in dietary fiber (p<0.01), compared with
native rice bran. The results of extrusion showed that the die pressure of alkaline-treated rice
bran addition was higher than that of native rice bran addition (p<0.05). The expansion ratio of
alkaline-treated rice bran added extrudate was higher than that of native rice bran added extrudate

(p<0.05).
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parameters and rice bran added

characteristics 20% native bran 20% alkaline-treated bran
torque (%) 66.30 2" 67.70 a

specific energy (kJ/kg) 277.08 a 287.72 a

die pressure (psi) 174.33 b 209.67 a

expansion ratio 2.03b 2.47 a

piece density (g/cm3) 0.0564 a 0.0558 a
compression force (g) 10043.2 a 8750.0 a
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Y 9
v A

P Ay Y a ' ] =
1. e Bigangiides]dinaazneusdiatios 60 11
o . o . sl ¢
12. M celite Monuaznszaelinalu crucible dreenuoa 78 osidud ay
14 suction ga 14 celite 5891U crucible p81ANUAND $1M15 suction BEIABITDY DrwAZNOY
~ 4 @ 1 . ) kY J 3 4
HazaTaraeNinnosUea10819a3 11 crucible NIDILAZANAIBIONIUDA 78 1DFIFUA 3
o Yy ¥ ol o A aa v o )
A599 az 20 wa. udrddreeMUea 95 1oIFUA 2 ATI9 az 10 Tadans HazANASTIgaNniY

Y
Aeezd lau 2 A5 az 10 Nadans
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. A o Ty oA Y = o q ¥a Y
13. @1 crucible NUMAAI0819A AU TUARY 105 Deraed i liEulugga
{4 d o g . . .
ANVFY FOIMITNTY residue + celite + crucible
a I (a = ~ 9 £ @ Ll B
14, Janzdlsunaldsdunnmailduialuaesvesdiede  uazwilaluaes
4 a a 4 I 1 1
vouUadn MmuITMIBTIeH 1Wsaulude 3. wazly 6.25 Wumneh
a J a 9y . A = ad 9 o g} v
15.  ansizddsuand1nnnnly crucible Mrae w5 U0 2. Feimtundu ash
+ celite + crucible
Insoluble Dietary Fiber
o q ¥ LA Y o } Y P-4
16. M celite Wonaznizae1inalu crucible Adrgemuoa 78 1Wosisua ag
19 suction gald celite 389U crucible pE1NENUAND  1EINTOIVBINAIINNITIBEAIY
Y ] .
U loive 9 FIY crucible
9 9 09/ 1 =~ 09: a Aaa 9)3} U o v Y
17. ANMAIIgU 70 ssaied 2 A3 ag 10 Jaaans ldhgudmsudng
. < 1 A Y g’ Y Y o v A d a ~ Y 1
crucible thuamnnsedld uazid e Bdmsvinnevidsunaleovnshazawld  Tasae
4 A Aaa a va 1
dsazateadlulinnosyuia 600 dadaas uazdfianude lude 20
Y, A A . Y, s @ o
18.  anmnlemaouy crucible Almenuea 78 Wosiua 3 A5 ag 20
Aa Aaa Y Y 9 s 3 4 qul A aa 9 qg./’ 9 9
NadanT 1d1aAeIeNIUeA 95 1TIFUA 2 AFI Az 10 Nadans HazdNATIGANIIAI8DE
Y
F1au 2 A5 a2 10 Yadans
19.  dfiiddeawde 13-15
Soluble Dietary Fiber
o ) Y o & |a J Aa
20. Feasaza1evnde 17 uaamaudullsunasveuihmiluaisazate

a I 4 VoA A a 1 09.: g 9
21. wuemuea 95 wWesirua guUN 60 DIFUFALKE T 151105 3.2 1M @]\WN[I'J

Y A a g = 9 a va 09;} Y
Glﬁﬂﬂﬂ%ﬂ@uﬂqmﬁgﬂﬁ@\?uWu 60 1IN LL@’J“IJ{]U@]@]HJWIMQ@H“U@ 12-15

MIAUIN

1. Residue weight = (Residue + celite + crucible) — (celite + crucible)

2. Ash weight = (Ash + celite + crucible) — (celite + crucible)

3. % Protein in blank residue = (mg protein in blank) X 100 = Pb

(blank residue weight in mg.)

4. % Ash in blank residue = (mgashinblank) X 100 = Ab
(blank residue weight in mg.)

5. % Protein in sample residue = (mg protein in sample) X 100 = Ps

(sample residue weight in mg.)
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6. % Ash in sample residue = (mg ash in sample) X 100 = As

(sample residue weight in mg.)
7. Blank = Wb— {[(Pb+ Ab)/100] x Wb}
1o Wb = 1m1inmaeue3 blank residue in mg.

8. % Total dietary fiber = Ws—[(Ps+ As)/100 x Ws] —blank X 100

(average weight of samples in mg.)

1ilo Ws = average weight of sample residues in mg.

d .
6. msanszridSanaezilaa (Juliano, 1971)
4
ginsal

nseemnTas W Tnlnes (Spectrophotometer)

=\

SAPTGEY
a 4 S 3 4
1. NaLeanodod 95 1osFuea
=S 4 o o
2. msazaeTwdeylaasonlea 1 wesiia
Aana d v
3. NIADLHNN (acetic acid) 1 UOTUA
o o s )

4, msazangle lodu (¥aleTodu 0.2 nsu uazTdunaFeuloTo'lagd 2.0 nsu

v v
azaeluinaulid 1ddsuas 100 Hadaas)

4
=

5. ozl laduIgNns

a

IS

1. Faudle 0.1000 5y ldluwelSullSinasvuia 100 Uadaas @

a 4 I3 Jd o A aa ' A 9 o
Naeanadoa 95 1lesiFua 31U 1 Haaaas VYUV LWBiWLLﬂQﬂi%ﬂTﬂ@n

a J Jd o o a aa
2. mumiazmﬂimﬁﬂﬂamaﬂ"l%ﬂmmﬁu%’u 1 HBTUa IUIU 9 WADAAT

o

Y Y Y v
3, Wlanlwiudeauiu 10 i Melddu dsuiSuasareinaulidld 100

Aa Aaa Qy Y Y A
Haadas Nalidean
4. 13tulagaasazaeuilsieion1iun s Gadans ldluvialsvlSuasvna

v Y v
100 Uaqans NUNaY 50 Uadans ﬂmazwﬂmwm%’wﬁ’u 1 uaﬁ'ﬂa NUIU 1 Uaaansg

Aa Aaa

Y v
wazansazane leledu 1w 2 Hadans Lgélamuﬁ”mﬁmullﬁﬂimm 100 Wanans HJEJﬂ‘Vgi}

Y Y
Wy udadana 1A lseana 20 1
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o

[ 1 4 a o
5. W1l San 1 udveaarsazarelagldinsesanlas Id Talimes
. d‘ A 1 1 A A =) S [
(Spectronic 21) AWEIINAY 62 U1 THUINAT BIUAINITAANAUT (absorbance) 1/Tourioniy
4
1Ua4s (blank)
o a a = o = Y ' = v @ U
6. ezl TaguTand 0.0400 niu wsouliidumsazanouilasuidoaiudiedie
Y
nalAdenu waldidhnu gaasazaeutlanasgiun 1,2, 3, 4, uaz 5 dadaas ldluvaa
o a Aa Aaa A g’ o A Aaa an Y 9 4
Y515 uasvuna 100 Tadaasniithnaulszuna 50 Taaans nIAezFANANUANTY 1 YB3
Wa §191 0.2, 0.4, 0.6, 0.8 Az 1.0 Haaans MUy uazaisazale leledu 2 Uaaans
Y v Y I
udrlSudsmasdreinaulila 100 Hadans Nel3szanm 20 i SwAImsganauned
=\ 1 9 9 a [} 1 A
620 wTuwas Weunsmszninanududuvesezd lagniuamnsganaunas
° a a ~ = Ay Yo Y
7. fAralsunaesdTaaninmsnlseuieumnlasunsinasgin udnaag

3 Y g’ o
A usosazvoaivin

d d
7. MsAnzHUSIMEMIs¥ (Roe, 1955)
4
ginsal
4 a 4
insesatlnlas Il Tadmes (Spectrophotometer)
Reflux condenser
=\
REIGEY
1. Standard glycogen solution 50 [Ag/ml
2. 2% Anthrone (in ethyl acetate)
an
M3
1. Fadegauiatszana 2 n5u 1a1u ground joint, flat bottom flask YUIA 500
a Aan a d 3 4 a Aan
Nadans Wuemuea 95 Wesibud 200 Hadans auldiAeaUY hot plate 1aeld reflux
condenser WU 20 YN
0o qYUa \ Y v a &y /3 o
2. mildaen  waulaeen udraemndnasemsemuea 95 ulesigsua
a A aa Y ) 3 9 Y 1 Qy
151105 100 Yaaans Inanuiewanties uaynarulana
3, @UENIUeA 200 Haaans uaz nsalalasnassniudy 2 Haaans aslunn

A o

Mmde M9 reflux 15 1A nsesvazdoudlegynma d1nIndlelenIuea 100 aaans

E4

A ~ Y
‘V]Qﬁ’lum@ﬂlﬁﬁ?ﬂﬂﬁﬂﬂqﬂ

U ~ 9 ~ 4 Aa aa a :’ a Aaa 9 Y A
4, ﬂwﬂWﬂ‘ﬂll@]aﬂu‘]JﬂLﬂﬂisllu”lﬂ 400 ¥aaanT WKUUT 100 Wanans aulifon

9
Y o ¥

v 1 E4
35 W ﬂi@ﬁﬂlﬂ!%%ﬂu%UﬂigﬁﬂﬂWﬂﬁLﬁﬁ@LLﬁ)ﬂ éjnmﬂmamﬁau 30 ¥aaans NININ
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d‘ 9 a oy c;z YA a A Aaa [y
5 vounadn lannmanses @uhnaulindsuias 250 Haaaes  luvaalsu
151195
IS { o % 1 a A aa f
6. Mnlaasazaneiesonld @5 udulfidenediedia) Usuas 2 iaaans la
v Y '
vaoAnAaedviaean 1 11 2 Hadans ldvasanaase 2 (blank) LALAITOLAWUIATTIU
glycogen 2 Haaans ldvaoan 3
' a Y 9 I ¢ o a aa
7, lueazaoANAaoUAY anthrone 1NAY 2 osiFud 1w 0.5 Haaaas
a a aa 1 a I~ qsxl [N ] 1 ]
1A conc. H,S0, 5 Hiaaans Aveq @duld 0,50, Wlusuegaiuanvesnaoanaasd 1wimaon
Y o [ 1 A A dgl
nAaouL9 19 ethyl acetate gnlalaslad Tavezdunavinnguaznouves anthrone MAATY

Y ' ' 3 Yad a L o
Lla:]LEU81681Q53ﬂ!531ﬁﬁm!ﬂﬂmuWﬁi]ﬂu

2 2 [ H
8. awnald 20 iniluidia udrTasimsganduuasil 620 wTuwas Taglden
1 g’ 1< 4
pg i unuaen
9. fadsunaamsyueadied1a1ag Beer and Lambert’ s Law
Conc. Sample = Abs. Sample X Conc. Std X DF
Abs. Std
a d (Y] a al J (Y] d .
8. MIIATITHITAUMSDARAMNA 1UTBIBFUYDIaM3¥ (Chiang and Johnson, 1977)
o
ginsal

nseemnTas 19 Tnilnes (Spectrophotometer)
=
GREIGHY
1. . v a9 Y

1. O-Toluidine Reagent 1A8@aza18 thiourea 1.5 NN lUNTADZTANIUNYU 940
a aa a A aa <
Haaans uazAw o- toluidine 60 Haaans Muluviad

Y v
2. Sodium Acetate Buffer @¥@18 anhydrous sodium acetate 4.1 N3Y Twihnau
a aa o I a

1000 Jadans wazdSuliilu pH 4.5 ArensaezFan

3. Glucoamylase solution 9918 Rhizopus glucoamylase (Sigma No. A7255) Tu

Sodium Acetate Buffer 250 iaaans nsoduazlonalu 2 $21uq

4. 25% trichloroacetic acid
an
ADN1T
A o 1 A ¢ a N o - ¢ S qy
1. LﬁiﬂﬂJ@l')@fJ'l\Wlﬁﬁ'li‘b’QﬂL%ﬁﬁWIh],u“Iiul‘iJ“V]\ﬁ’illﬂ Iﬂﬂl@]ﬁﬂul@ﬂ“ﬁﬂzlﬂﬁGlHU'lﬁlﬁ

= Y 73 ¢ o Y Y & o P ~ o PR
UANULUNUU 2 L‘]J’f]i!cb'uﬂ U'ILEIHWNGH\W]'J']iJﬂuulfJVI 120 23 UssaLtses ANAY 15 ﬂﬂuﬂ@@

2 g o o a ) g v v
AT INUI Lﬂuwm 1 “If'ﬂll\‘] UWfJﬂﬂNWWﬁilmﬂWuﬂﬁﬂﬁiﬂﬁi 31 i’jumﬂmmwaqq LA
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Y Y

9 v
GQ]IQEJLN‘V]'IM’EJQ 2 A9 NIDY uazﬁﬂﬁ’um u,mms?haEmﬁ”lﬁmummmiwum 80 1y 1A

a

v Y 1 v 1
p819N 14 20 Haaniu nuinau 3 Tadans luraeailuniesvuia 50 Haaans NUTIYATS

2 J Y 9 Jd o a aa us/' Qy 9 = Yy a
aga'lfliqﬂﬂﬂﬂulﬁﬂﬁf]ﬂul“]fﬂl"llusllu 1 Uosua 1 yaaang ﬂ\WNUl'J 5 UIMN Llaﬁmllﬂﬁﬂulajﬂﬁﬂaﬂ

a A

a J o a a L4 a aa 1 ] {
30 1 Uasua 1 yaaans mumﬁazmmau"lw glucoamylase 25 UAQAAT Tunazvaon UuN

I o3| ~
40 D3 LBUH Y Wuran 30 N

=1 [y 1 d' 4 a 1 Y] 1 4
2. msﬂumammﬁmwg}ﬂmaam”luc]?lﬂmqmu TAgNaNAI0E 190NN AN
Y ' v 1
20 HadnTy NUINAY 5 Naaans luvaeailumlesuuia 50 Uaaans
[ Y
3. @1 25% Trichloroacetic acid (TCA) 2 Uaaans (Wodudwazanaznou
rou laya]
Y44 » -
4. UM 899 16,000 x g 1Hua1 5 um
5. Uladula 5 Hagans ldasluvasanaasy 1@u o-toluidine reagent 4.5
Uoaans
S A g A Y o qud y Ja
6. Mavasanaasd luiuasatlunal 10 v udri lvduasaesingy
a an Yy 9 Aa Aaa Y o 1 A A
7. AUNIABLTANVLIY 5 Uaaans udrTanimsganauladn 630 w1 luwag
NSATUIN
Y = 100(B-k)
A—-k
A
1o k = A (C-B)
A-2B+C

J A J A a o 5
A = fmmsganaundsvesaasyignaaa lud lnamue
1 A s A a [ o
B = fmsganauuasvesaasyigninaad lud ljuidiundins
19 L =
vudeou lsaiiilunar 30 wii
1 A s A a 1 o
C = amsganaunaIvesaa1ssngmaad lud luedundims
19 Jd I =
vudeou lxaiiilunar 60 uii
= masidmiuuaz iU veeaa1sy

k
s 3 4 a 4 4
Y = Lﬂaﬁmum%amm”lumﬁmw
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MANHIN Y

1 a % 2 a o Jd
mmuﬁumma&mmﬁmﬂ‘mmm’mﬂigﬂuazﬁmmmqmﬂmwmmwa@ﬂmm
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~ , A o ¢ w P sd
M990 19 ﬂ"ImaEIEII’ENWJLLIIiﬂ']iJﬂTil!ﬂﬁz‘iJiﬂﬂﬂig‘U’Juﬂ']‘ilf)ﬂ‘ifﬂg“ﬁuu“ﬂ\ﬁﬂ"] 100 L‘]Jf]‘il“]fu@]

feed screw barrel torque SME product die pressure
moisture  speed (rpm) temperature (%) (kJ/kg) temperature (psi)
content (%) (OC) (OC)
20 250 170 93.0 334.54 164.5 300
20 350 170 80.5 405.40 165.0 215
24 250 170 69.5 237.41 161.5 230
24 350 170 62.0 296.65 163.0 185
20 300 160 87.5 377.70 154.0 320
20 300 180 81.0 349.64 173.0 205
24 300 160 66.5 272.73 152.5 230
24 300 180 66.5 272.73 170.5 190
22 250 160 82.5 289.38 155.5 310
22 250 180 80.5 282.36 170.5 230
22 350 160 71.0 348.65 154.5 255
22 350 180 69.0 338.83 171.0 200
22 300 170 75.0 315.68 163.5 245
22 300 170 74.0 311.47 164.0 235

22 300 170 74.0 311.47 163.5 245
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d‘ 1 - @ 4 [ 9 o 9 a
139N 29 ﬂ1!,"11'@Elsllf]\W]']LL“IJiimﬁJﬂTﬁLlﬂigﬂﬁﬂﬂﬂﬁ3‘]J'JUﬂ'lﬁLfJﬂ%ﬂzsﬁu&Lﬂ\‘]‘llTJNﬁiJ'iVUTJﬂU

S 3 4
10 1o 15U

feed screw barrel torque SME product die pressure
moisture  speed (rpm) temperature (%) (kJ/kg) temperature (psi)
content (%) (OC) (OC)
20 250 170 87.5 313.43 140.0 225
20 350 170 79.5 398.69 140.5 175
24 250 170 70.0 238.19 139.0 160
24 350 170 63.5 302.50 137.5 155
20 300 160 89.0 382.57 137.0 245
20 300 180 82.0 352.48 145.5 200
24 300 160 71.5 291.95 133.0 195
24 300 180 68.0 277.66 144.0 175
22 250 160 84.5 295.05 133.5 250
22 250 180 81.0 282.83 144.0 160
22 350 160 76.5 373.97 134.5 205
22 350 180 75.0 366.63 148.0 160
22 300 170 76.0 318.45 139.5 165
22 300 170 76.5 320.54 139.5 160
22 300 170 77.0 322.64 139.5 165
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d‘ 1 - @ 4 [ 9 o 9 a
M13190 39 ﬂ"ImaEIEUf]\W]'JLL“IJiimﬁJfnﬁll‘ﬂigﬂﬁﬂﬂﬂﬁ$‘]J'JUﬂ'lﬁLfJﬂ%ﬂzsﬁu&Lﬂ\‘]‘llTJNﬁiJ'iVUTJﬂU

S 3 4
20 1105 1HUA

feed screw barrel torque SME product die pressure
moisture  speed (rpm) temperature (%) (kJ/kg) temperature (psi)
content (%) (OC) (OC)
20 250 170 84.0 302.48 155.5 185
20 350 170 67.0 317.50 154.0 200
24 250 170 66.5 230.76 151.0 170
24 350 170 52.0 248.95 152.5 160
20 300 160 78.0 337.16 147.5 220
20 300 180 74.0 324.01 161.5 190
24 300 160 57.5 235.97 142.5 170
24 300 180 60.5 252.66 159.5 160
22 250 160 75.0 266.89 144.5 220
22 250 180 70.0 250.92 159.5 160
22 350 160 60.0 299.57 146.5 180
22 350 180 58.0 285.00 161.0 140
22 300 170 63.5 267.54 153.5 160
22 300 170 64.5 271.76 153.5 170
22 300 170 64.0 269.64 153.5 165
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a , P o S ) o ¥ Aqu
M13190 49 ﬂ"lmaflsllfNﬁ’J!L'IJ"J'@HNﬂﬁllﬂigﬂ‘ﬂWﬂﬂﬁ%U?UﬂﬁL’E)ﬂcl)'ﬂg‘]fuLlﬂQGUTJW’G’fiJi']“UTJ“VIGle'

1 A~ 4
A4 20 10T IHUA

feed screw barrel torque SME product die pressure
moisture  speed (rpm) temperature (%) (kJ/kg) temperature (psi)
content (%) (OC) (OC)
20 250 170 87.0 312.89 163 245
20 350 170 67.0 337.34 166 220
24 250 170 65.5 223.72 161 185
24 350 170 52.5 251.04 164 180
20 300 160 83.0 358.20 159 260
20 300 180 73.0 315.04 171 245
24 300 160 69.0 282.81 156 150
24 300 180 54.0 221.33 166 180
22 250 160 81.5 285.69 164 225
22 250 180 69.0 241.87 167 205
22 350 160 63.5 311.63 156 230
22 350 180 59.0 289.54 171 195
22 300 170 64.5 271.31 163 215
22 300 170 63.5 267.11 162 205
22 300 170 64.5 271.31 164 205
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a A o 5 ] 42 o
M13197 59 ﬂwmaammaﬂymzmamﬂmwmmmﬂw;mmﬂwn 100 1lossua

feed screw barrel expansion compression piece
moisture speed temperature ratio force density
content (%) (rpm) (°0) (2) (g/em’)
20 250 170 3.26 4071.46 0.0527
20 350 170 2.97 5844.01 0.0492
24 250 170 2.76 7228.62 0.0589
24 350 170 2.66 8995.66 0.0548
20 300 160 3.16 4214.79 0.0560
20 300 180 2.63 5968.35 0.0471
24 300 160 2.96 6800.45 0.0584
24 300 180 2.37 10560.27 0.0554
22 250 160 3.13 4704.87 0.0577
22 250 180 2.95 6005.38 0.0528
22 350 160 3.01 5054.59 0.0532
22 350 180 2.08 8299.84 0.0530
22 300 170 2.95 5664.24 0.0518
22 300 170 2.96 5426.23 0.0517

22 300 170 2.97 5422.29 0.0535
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~ A o 7 ) o ¥ a -4
M131390 69 ﬂ']Lﬂ'ﬁ?JGII’EJ\'1aﬂ‘Hﬂl$‘I/INﬂWEIﬂWWGUfNL@ﬂ“D'ﬂELﬂ@ILLﬂ\‘]ﬂlTJNﬁiJi']EIITJWU 10 L‘]J’f]i!ch'uﬂ

feed screw barrel expansion compression piece

moisture speed temperature ratio force density
content (%) (rpm) (°0) (2) (g/em’)
20 250 170 2.95 5493.87 0.0485

20 350 170 2.83 5034.20 0.0435

24 250 170 2.68 6841.76 0.0549
24 350 170 2.54 7619.44 0.0515
20 300 160 3.17 3848.32 0.0456

20 300 180 2.73 5771.80 0.0436
24 300 160 2.7 6483.74 0.0550

24 300 180 2.68 8547.62 0.0495

22 250 160 3.04 5144.52 0.0506
22 250 180 2.65 6713.82 0.0459
22 350 160 3.07 4954.21 0.0483

22 350 180 2.44 6895.84 0.0467

22 300 170 2.66 6649.19 0.0497
22 300 170 2.72 7193.22 0.0497

22 300 170 2.92 6452.40 0.0485
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~ A o 7 ) o ¥ a -4
MA319N 79 ﬂ']Lﬂ'ﬁ?JGII’EJ\'1aﬂ‘Hﬂl$‘I/INﬂWEIﬂWWGUfNL@ﬂ“D'ﬂELﬂ@ILLﬂ\‘]ﬂlTJNﬁiJi']EIITJWU 20 L‘]J’f]i!ch'uﬂ

feed screw barrel expansion compression piece
moisture speed temperature ratio force density
content (%) (rpm) (°0) (2) (g/em’)
20 250 170 2.50 7265.38 0.0502

20 350 170 2.32 8866.04 0.0489

24 250 170 1.69 11814.50 0.0576
24 350 170 1.52 13892.75 0.0581

20 300 160 2.88 5768.02 0.0511
20 300 180 1.72 6868.95 0.0552

24 300 160 222 9614.68 0.0571
24 300 180 1.39 13158.81 0.0617
22 250 160 2.98 7594.40 0.0554

22 250 180 1.58 10157.24 0.0597
22 350 160 2.23 11231.30 0.0560
22 350 180 1.61 7730.46 0.0623
22 300 170 1.87 12184.00 0.0557
22 300 170 1.86 12220.76 0.0579

22 300 170 1.82 12281.31 0.0585
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d‘ 1 ~ o 4 9 o 9 g P
M1319N 8v ﬂHﬂaEIGU’E'NaﬂEﬂ!gﬂWQﬂWﬂﬂ']WGll@\?L@ﬂ“]ﬁ/lzlﬂﬁL!ﬁ\‘]ﬂﬂ?ﬂﬁﬂi?ﬂﬂ'ﬂli“ﬁﬂ?ﬂ

S 3 4
20 1107 1HUA

feed screw barrel expansion compression piece

moisture speed temperature ratio force density
content (%) (rpm) (°0) (2) (g/em’)
20 250 170 2.67 8359.71 0.0554

20 350 170 2.55 7081.60 0.0521
24 250 170 2.30 12637.01 0.0604
24 350 170 2.26 10410.09 0.0571
20 300 160 2.67 6821.44 0.0550
20 300 180 2.58 6977.54 0.0537

24 300 160 2.01 12526.14 0.0562
24 300 180 2.25 10564.18 0.0542
22 250 160 2.46 9369.48 0.0566

22 250 180 2.44 8657.03 0.0565

22 350 160 2.54 7513.48 0.0570
22 350 180 241 8006.84 0.0553

22 300 170 2.62 8052.51 0.0556

22 300 170 2.60 7921.61 0.0561

22 300 170 2.69 7804.67 0.0567
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Y o a @ o @ J 3 J
m39i 1n duilszansaumsoanosvesdandsammsulsgldmsuntlsdnn 100 nlesisua

torque specific energy die pressure product
temperature
%) (kJ/kg) (psi) 0

intercept 213.164 665.09 738.53 17.538
moisture (mc) -4.844 ** -24.235 ** ns ns
screw speed (ss) ns 0.932 ** ns ns
barrel temperature (temp) ns ns ns 0.856 **
mc’ ns ns ns ns
ss” ns ns ns ns
temp’ ns ns ns ns
mc X ss ns ns ns ns
mc X temp ns ns -8.674 X 107 ** ns
ss X temp -6.098 X 107 %*  1.864X 10°** -3.421 X 10 ** ns
R’ 0.93 0.959 0.769 0.806

* P<0.05, ** P<0.01.

ns NHARAINEDA (p>0.05)
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d‘ o a @ ) o Y o 9 a
M1319N 2A E’fll‘l]igﬁﬂ‘ﬁﬁllﬂTiﬂﬂﬂﬁlEIEUEN@]'J!Lﬂiﬁ111ﬂ']‘iLlﬂﬁEﬂﬁWWiULLﬂQﬂﬂ?NﬁMﬁﬁﬂ?ﬂU

A~ 4
10 1103 1HUA

torque specific energy die pressure

(%) (kJ/kg) (psi)
intercept 144.749 109.906 524.120
moisture (mc) ns ns ns
screw speed (ss) ns ns ns
barrel temperature(temp) ns ns ns
mc’ 1926 X 107 ** ns ns
ss” ns ns ns
temp’ ns ns ns
me X ss ns - 5.442 X 107 ** ns
mc X temp ns ns 2679 X 107 **
ss X temp 442X 107 %% 1142X 107%*% - 1.64 X 10° **
R’ 0.922 0.855 0.598

* P<0.05, ** P<0.01.

ns NHHUARAIINIEDA (p>0.05)
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Y @ a @ J v o o o
ﬂ"l§1ﬂ’ﬁ 3n ﬁll1J'58ﬁ“l/l‘ﬁﬁﬂJﬂTiflﬂﬂ'ﬂEIEU’E]\W]'J!Lﬂiﬁ111ﬂ']ﬁl!ﬂﬁEﬂl@ﬂ“ﬁﬂg%uﬁWﬁiULlﬂﬂsﬁH'}N’ﬁilﬁ']

9 a s 3 4
1191 20 1los1Fua

torque specific energy die pressure product
temperature
(%) (kJ/kg) (psi) °0)

intercept 150.963 707.499 393.091 24.504
moisture (mc) - 1.620 ** - 22.955 ** ns ns
screw speed (ss) ns ns ns ns
barrel temperature(temp) ns ns ns 0.756 **
mc’ ns ns ns ns
ss” ns ns ns ns
temp’ ns ns ns ns
me X ss 413X 107 %% 1135 X 107 ** ns ns
mc X temp ns ns -5.831 X 107 ** ns
ss X temp ns ns ns ns
R’ 0.871 0.853 0.620 0.496
** P<0.01.

ns THHANANNADA (p>0.05)
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ﬂ"l§1\‘lﬁ 4 ﬁll1J'53ﬁ“l/l‘ﬁﬁﬂJﬂTiflﬂﬂ'ﬂEIGUE)\W]'J!Lﬂiﬁ111ﬂ']ﬁl!ﬂﬁzﬂl@ﬂ“ﬁﬂg“ﬁuﬁTﬁiULlﬂﬂsﬁH?N’ﬁilﬁ']

{ 1 <
a1 1das 20 WosiFud

torque specific energy die pressure
(%) (kJ/kg) (psi)

intercept 206.903 656.282 399.766
moisture (mc) ns ns ns
screw speed (ss) -(0.153 ** ns ns
barrel temperature(temp) ns ns ns
mc’ ns ns - 0.391 **
ss” ns ns ns
temp’ ns ns ns
mc X ss ns ns ns
mc X temp -2.497 X 107 ** -0.126** ns
ss X temp ns 1.887 X 107 ** ns
R’ 0.918 0.927 0.689
** P<0.01.

ns NHHUARAIINIEDA (p>0.05)
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1 o a Y J
ﬂ"l§1ﬂ’ﬁ 5 ﬁll‘l]i%ﬂﬂ‘ﬁﬁuﬂ?iﬂﬂﬂE)EJGII’E'NﬁﬂHﬂl$“I/l']\iﬂTilfﬂW‘llfJ\Hf)ﬂ“h’“VlzLﬂ@lllﬂ\i“lﬂh?

100 1lo51Fud

expansion ratio

piece density

compression force

(g/em’) ®
intercept 5.542 7.806 X 10~ -16397.138
moisture (mc) ns ns ns
screw speed (ss) 7.563 X 10 ** ns ns
barrel temperature (temp) ns 2113 X 107 ** ns
mc’ ns 4.129 X 10° ** ns
ss” ns ns ns
temp’ ns ns ns
me X ss ns 1370 X 10" ** ns
me X temp 446X 10" ** ns 4.847 **
ss X temp -6.45 X 10° ** ns 8.928 X 107 **
R’ 0.790 0.659 0.869

* P<0.05, ** P<0.01.

ns NHHUARAIINIEDA (p>0.05)
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ﬂ"l§1ﬂ’ﬁ 6A ﬁiJ‘L]igﬁ"ﬂ‘ﬁﬁllﬂ1§ﬂﬂﬂ@ﬁl‘llf]\1aﬂ‘Hﬂ!%“ﬂNﬂWEJﬂ']WGU’ENL@ﬂ‘iﬂﬂglﬂ@luﬂﬁ%’nﬂﬁu'ﬁ?ﬂ

A <
180 10 WosiFud

expansion ratio

piece density

compression force

(g/em’) ©®
intercept 26.563 5.057 X 10” -142290
moisture (mc) -0.938 * ns ns
screw speed (ss) ns 2.462 X 107 ** ns
barrel temperature(temp) -0.129 ** ns 1579.44 **
mc’ ns 7318 X 10 ** ns
ss” ns ns 717X 107 **
temp2 ns ns -4.37 *
mc X ss ns ns 1.984 **
me X temp 5.125X 107* 7.318 X 10” ** ns
ss X temp -6.66 X 10" * ns ns
R’ 0.749 0.793 0.788

* P<0.05, ** P<0.01.

ns NHHUARAIINIEDA (p>0.05)
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1 o a & @ o o
ﬂ"l§1ﬂ’ﬁ 79 ﬁiJ‘l]igﬁ”ﬂ‘ﬁﬁllﬂWﬁﬂﬂﬂf)EJ‘llfJ\iaﬂ‘Hﬂ!%ﬂNﬂWﬂﬂ']Well@\H@ﬂ%ﬂELY”I@ILLﬂ\?%’]?WﬁﬂJﬁ']

9 a I 4
1191 20 ulosiFua

expansion ratio

piece density

compression force

(g/em’) ©®
intercept 12.308 1.595X 10~ -17061.241
moisture (mc) ns ns 1232.022 **
screw speed (ss) ns ns ns
barrel temperature(temp) -4.806 X 10 ** ns ns
mc’ ns ns ns
s’ -1.500 X 10” ** ns ns
temp2 ns ns ns
mc X ss -5.267 X 107" ** ns ns
mc X temp ns 1.080 X 10~ ** ns
ss X temp ns ns ns
R’ 0.926 0.682 0.494
** P<0.01.

ns NHHUARAIINIEDA (p>0.05)
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ﬂ"|51ﬂﬁ 8n ﬁllﬂizﬂﬂﬁﬁuﬂ’liﬂﬂﬂE)EJGU'EN'Qﬂ‘Hﬂ!g‘Vn\iﬂ’lEanWGU@Qlﬂﬂ%ﬂélﬂﬁllﬂﬁ%’]ﬂﬂﬁﬂﬁW

{ 1 <
a1 1da9 20 WosiFud

expansion ratio

piece density

compression force

(g/em’) ©®
intercept -10.081 4596 X 10° 138560.98
moisture (mc) 1.250 ** 7313 X 10" ** -12505.167 **
screw speed (ss) ns ns 308.210 **
barrel temperature(temp) ns ns ns
mc’ -3.074 X 107 ** ns ns
ss” ns ns ns
temp2 ns ns ns
mc X ss ns ns ns
mc X temp ns ns ns
ss X temp ns 1218 X 107 *x -8.689 X 107 **
R’ 0.72 0.479 0.739
** P<0.01.

ns NHHUARAIINIEDA (p>0.05)
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