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Abstract

This study was done to investigate the effects of five screw configurations (config.) on rice grain extrudates. Five
different screw configurations, in which the angles (45°, 90°, and 135°) and number of kneading screws were dif-
ferent, were used in extruding rice. The pressure and specific mechanical energy (SME) increased (5,748.76 kPa and
52.80 klJ/kg, respectively) as the angle and number of kneading screws increased. As shown in Config. 5, the angle
of two kneading screws increased to 135° from 45°. The expansion ratio (ER) and water solubility index (WSI)
increased as shear increased. In Config. 5, the ER increased to 3.06 and the WSI increased 16.2 times, unlike the
control item. The results can be applied in producing processed rice, such as rice expansion snack and cereal for
breakfast, and solubilizing functional dietary fiber in water.

Key words: twin screw extruder, rice extrudate, screw configuration, specific mechanical energy, water solubility
index
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Table 1. Proximate composition of rice.

Components (%)
Moisture 14.3
Ash 04
Crude fat 1.3
Crude protein 6.5
Carbohydrate 77.5
Table 2. Particle size distribution of rice.
Sieve number Sieve size %
(mesh) (mm) 0
7 2.80 0
8 2.36 10.89
Retained on 9 2.00 75.12
10 1.70 13.09
12 1.40 0.60
Passed through 12 1.40 0.30
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Fig. 1. Schematic drawing of different screw configuration.

*KS =

Kneading Screw - stagger angle (°), F=forward, N=neutral, B=backward - number of kneading screw.
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Table 3. Screw configurations showing locations of conveying screws and kneading screws.

Config. 1 Config. 2 Config. 3 Config. 4 Config. 5
(KS-45F-6) (KS-45F-5/ KS-90N-1)  (KS-45F-4/ KS-90N-2)  (KS-45F-5/KS-135B-1)  (KS-45F-4/ KS-135B-2)
Feed CS 16/8/1" CS 16/8/1 CS 16/8/1 CS 16/8/1 CS 16/8/1
CS 42/21/2 CS 42/21/2 CS 42/21/2 CS 42/21/2 CS 42/21/2
CS 36/18/1 CS 36/18/1 CS 36/18/1 CS 36/18/1 CS 36/18/1
CS 24/12/3 CS 24/12/3 CS 24/12/3 CS 24/12/3 CS 24/12/3
KS 24/45F/2% KS 24/45F/2 KS 24/45F/2 KS 24/45F/2 KS 24/45F/2
CS 36/18/1 Cs 36/18/1 CS 36/18/1 CS 36/18/1 CS 36/18/1
CS 24/12/1 CS 24/12/1 CS 24/12/1 CS 24/12/1 CS 24/12/1
KS 24/45F/2 KS 24/45F/2 KS 24/45F/1 KS 24/45F/2 KS 24/45F/1
CS 36/18/1 CS 36/18/1 KS 24/90N/1 CS 36/18/1 KS 24/135B/1
CS 24/12/1 CS 24/12/1 CS 36/18/1 CS 24/12/1 CS 36/18/1
KS 24/45F/2 KS 24/45F/1 CS 24/12/1 KS 24/45/1 CS 24/12/1
CS 36/18/2 KS 24/90N/1° KS 24/45F/1 KS 24/135B/1 KS 24/45F/1
CS 24/12/6 CS 36/18/2 KS 24/90N/1 CS 36/18/2 KS 24/135B/1
CS 16/8/2 CS 24/12/6 CS 36/18/2 CS 24/12/6 CS 36/18/2
V CS 16/8/2 CS 24/12/6 CS 16/8/2 CS 24/12/6
Die CS 16/8/2 CS 16/8/2

YConveying element length (mm)/pitch (mm)/number of conveying screw.

Y Kneading Screw length (mm)/stagger angle (°), F=forward, N=neutral, B=backward /number of kneading screw.

Agrste] wj L&t thconfig. 2; KS-45F -5/KS-90N-1). Al
A 235 wjge upd 3 77k KS-45FE 2704 1%
Azt o, vidl 4, 5 77kl KS-45F2F KS-90N<
Agtste] 7hzt 2288 vl 8kl th(config. 3; KS-45F-4/KS-
90N-2). U] WA ~3F ujgL vl 3, 4 7kl KS-45F
E 20 77 2288 Ao, vl 5 ke KS-
45F ¢} KS-135BE A% aste] w3l th(config. 4; KS-
45F -5/KS-135B-1). T4l W] =357 wjg- apd 3 77F
A KS-45FE 2704 1782 dAsglen, vk 4, 5 3¢
o KS-45F¢t KS-135B& Adste] zbz 24 wjd st
(config. 5; KS-45F-4/KS-135B-2). & 4% A A 23F
g WHslo] w2 A|AH WS 2 A FEEe 58
E4S F437] flete nviE 2w 7RG 2
sectionZ}FA] 130/130/130/130/130/80°CE. LA &} t}. 2=
F &5 A5 ¥FY, F5E82 72H7F 200 rpm, 10 kg/h,
30 wb.%= LA AT

o (%

HiZ LHRS| &I Zo| 3 & E=2| A V| &F
=8 F7] AT A F3 o] 3 & gEE
Ux=7] =42 Bawiskar & White(1988), Cisneros &
Kokini(2002), Zazueta-Morales et al.(2002), Moraru &
Kokini(2003), Mudalamane & Bigio(2003)°] 2 & 3 "4
< WFst g 2ol FYEAT A 3 B T
olF 4= BF7I AT el HEE AdHOAN T
9l &o| A ek(Kaya activated carbon Inc., Eumseong-
Gun, Korea) 2 g& Zo] ¢ 5 2 4EE7 £+ 4
2 FEE Azl WA g o B HES 84 o

= 2L
of B HAA Foll= & dAFY AX=Z7E
E5g o
dEA 719 vid 5Tt A i 2 wor Wzt
2 &, 9F FH Z(Open type) 7= U2, v
Zg 7ol urd 3, 4, 579 FRo T3 uk
£ T3 2 G5 v Al 799 7
A JEES FHEAY. FH & EES 4
©] 7 (I-Camscope, Sometech, Seoul, Korea)2 ©]-&3}] 40
&2 FYstaon, onx] £ Az E9of(I-Capture,
IMT, I-Solution Inc., Vancouver, Canada)S A}-&3}e] z+
T A B EA 2 A U] A71E SAHIAY 3

¢

&
g 3o N o wo

[0}

3 Z71004 58 o
A= A T ol g E JEfolA vl 7 section TF

=3 g =74 ZAX|(TPT463E,
_]

gsank 74 49 24

HIZ A HHX =5
B] 7] A1 ol .4 A (Specific mechanical energy, SME)= ¢
B7F £ 4E AF7E SHT o d5e 9]



2357 wfd Mgl wE & REdEdT 37

T 2HEE 7AA AU F FYFeE Hojdnt
(Yuliani et al., 2006; Pansawat et al., 2008).
H 71 A [UA] AlAk o] e} 7o) ALttt

Mechanical energy input _ Nuo  Toe K, )

SME = Mass flow rate N,

N, : Actrual screw speed (rpm)
N,,. : Maximum screw speed (rpm)
7;‘, Actrual torque (Nm)

T,.. : Maximum torque (Nm)
K, : Motor power (kW)

m : output (kg/h)
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3 AIZE EA5ke] 150250 ume] AE T3 ARl F A
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29 B 2 F Faghe Tk
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Weight of supernatant
Weight of dry solid

WSI(%) = x 100 2)

MEo| Askg BY
aramylaseE ©]-8-3 o] A3h&(Enzymatic digestibility,
ED)—°— a0 gk AR F3kE 2 whSAS YeR)
= WS = Liu et al(1999)2] WHE &3] SA 3
PE AP AEE 35 150-250 um®] A& T3 A
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Sigma-Aldrich Co., St. Louis, MO, USA)Z FH7}&ta wj7]
NA aramylase®] T4 2521 30°CE 16 A17HE FAI8HA
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ato] 7] AlZolA Z}i%] AES FAE B8 ED 3
T3 2 W WHE 578§ W3S TeRsih

SZISE

&, vIZIAA oANYA g, AWskE, FEEAT, A
o] Askgol Uig A3 Ade R TARE e S
o, Zg7ke] SAA 9942 SAS software system.
6.04(SAS Institute, Cary, NC, USAYS- ©|-&-3lo] P<0.05 =)

o4 Duncan®] Th5 vlwwiol oja A a%it.

Y (config. 1-5)¢] W3}/l A&
n| X 93-S Fig. 29 Table 49 YRS oF
KS-90N, KS-135B¢] z}% @ Zo]2 Z7}A]7)

=

&S YeERNATE Config. 1914 KS-

7,000

6,000

5,000

4,000 —

3,000

Die Pressure (kPa)

2,000

1,000

KS-45F-6 KS-45F-5/ KS-45F-4/ KS-45F-5/ KS-45F-4/
KS-90N-1 KS-90N-2 KS-135B-1 KS-135B-2
Fig. 2. Effect of different screw configuration on die pressure.
*KS = Kneading Screw - stagger angle (°), F=forward, N=neutral,
B=backward - number of kneading screw.
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Table 4. Effect of different screw configuration on system variables.

Average particle size in 7

Screw configuration Filling length (mm) Die pressure (kPa) barrel section (mm) SME (kJ/kg)
Config. 1 (KS-45F-6) 30 (PFY) 4,007.72£188.91¢ 2.93+1.23 19.73+0.16°
Config. 2 (KS-45F-5/ ME-90N-1) 30 (FF?) 4,906.29+19.96° 0.732+0.48 26.78+0.29°
Config. 3 (KS-45F-4/ KS-90N-2) 50 (FF) 5,219.23+28.34° 1.144+0.52 33.37+0.27°
Config. 4 (KS-45F-5/ KS-135B-1) 80 (FF) 5,408.19+£119.43° 0.59+0.37 37.67+0.23"
Config. 5 (KS-45F-4/ KS-135B-2) 115 (FF) 5,748.76£26.57" 0.25+0.02 52.80+0.28"

" PF = particially filled, ?FF= fully filled

KS = Kneading Screw - stagger angle (°), F=forward, N=neutral, B=backward - number of kneading screw.
Values are expressed as mean+SD of data obtained from three independent experiments.
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Fig. 3. Effect of different screw configuration on SME.
*KS=Kneading Screw - stagger angle (°), F=forward, N=neutral,
B=backward - number of kneading screw.
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Table 5. Effect of different screw configuration on physicochemical properties.

Comﬁggﬁon Expansion ratio" WSI 2 (%) Enzymatic digestibility? (%)
Control - 1.3620.21° 10.530.21°
Config. 1 (KS-45F-6) 1.8540.17¢ 10.92+0.33¢ 11.65+0.38°
Config. 2 (KS-45F-5/ KS-90N-1) 2.0540.15 12.6140.45 12.55+0.09"
Config. 3 (KS-45F-4/ KS-90N-2) 2.33+0.20° 15.68+0.32° 13.78+0.19¢
Config. 4 (KS-45F-5/ KS-135B-1) 2.7040.19° 17.39+0.37° 14.88+0.06"
Config. 5 (KS-45F-4/ ME-135B-2) 3.06£0.17¢ 22.08+0.28° 16.57+0.13°

KS = Kneading Screw - stagger angle (°), F=forward, N=neutral, B=backward - number of kneading screw.
YValues are expressed as mean+SD of data obtained from twenty independent experiments.
DValues are expressed as mean+SD of data obtained from two independent experiments.
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Fig. 4. Effect of different screw configuration on expansion
ratio.

*KS=Kneading Screw - stagger angle (°), F=forward, N=neutral,
B=backward - number of kneading screw.
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Fig. 5. Effect of different screw configuration on WSL
*KS=Kneading Screw - stagger angle (°), F=forward, N=neutral,
B=backward - number of kneading screw.



o 5
40 e - FEE - 8 - ot
18.0
—_—
16.0
14.0 —F—
E 12.0 :
z
= —
8 100
z
Q
o0
5 80
o
ﬁ 6.0
E
R
S a0
2.0
0.0
control KS-45F-6 KS-45F-5/ KS-45F-4/ KS-45F-5/ KS-45F-4/

KS-90N-1 KS-90N-2 KS-135B-1 KS-135B-2

Fig. 6. Effect of different screw configuration on enzymatic
digestibility.

*KS=Kneading Screw - stagger angle (°), F=forward, N=neutral,
B=backward - number of kneading screw.
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