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Development of Rice-Based Weaning Food by Using
Extrusion Cooking Technology
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Abstract

The effect of thermo-stable amylase treatment during the extrusion cooking of rice on the physical
properties of rice extrudate was investigated in order to prepare rice-based weaning food product.
Short-grain rice powder was mixed with Thermamyl(15U/Kg rice powder) and cooked by using either
singlescrew extruder or twin-screw extruder. The solubility, viscosity, residual enzyme activity and starch
molecular size distribution of the extrudates were determined. The solubility of rice powder increased
from 39.1% to 69.9% and the viscosity decreased 10000 cP to 500 cP by single-screw extrusion at 100
die temperature, but substantial amount(37.8%) of enzyme activity was remained in the extrudate. By
using twin-screw extruder having 100 at the compression section and 150°C at the metering section, a
desirable product of high solubility(60%) and low viscosity(350~1450 cP) but low residual enzyme ac-
tivity(2.5%) was obtained. The GPC pattern showed that a substantial reduction in the starch molecular
size was taken placed during the twin-screw extruder treatment with Thermamyl.
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Fig. 1. Cross section of single-screw extruder barrel.

Fig. 2. Llabortory twin-screw extruder and the barrel struc-
ture.

=5 °‘%ial7l°ﬂk% 23§/ HPEEE 2002

Tb}év: £ 120g minl2 1

o



YAtk Gae) e ER
= 95C~100CE Z2H3Y 1, vhg T _§_}\_’] g4ge }“74

a7] Sl ARl LR 1

SAZANM UL A gt tx

o} Ao wat ot

342

oo

s

7t &% LEZ27|0ML HFARE Y

AFAEE AZE9e 57t Z3dH =2 e
EAY o HA 25 WA E 01553 £ A2 TE
U E2YES FMo] Holx &g f7hx] 10% Tt
2 AjHske AR o] mE M% W3S Color and color
differential meter(TCAl-sw. Tokyo Denshor Co)2 =%t 4
T AFAIEE A

E=H

&3l
A
b .

Lt Solubility &5

&0 solibility:= 40mesho] 3k} eF& 1] E 2gS s0ml
YA wej ol H 549 FEEHS AAG] 8 0om
acetate buffer (pH35 30mlE 7hek & 10%7F vortexingdh T}
& 3000xgol A 2087 YAl EE st
S 78 FEAF 77l Yol nFE e 73
Aol UxFAY AEFAY wE
C}KHH‘

Ch 3z &Y

P&V HEE Brookfield synchrolectric viscometer
(LVT typelE ARE-3l] 30tCol A =4t gEn) &
0.2M Acetate buffer, (pH3.5)E 7}all 7Hzhe] F W2 F4kA]
1 & ¢4 spindle2 60rpmoll A ZH &

E_}_ §i9_| I}_’EgA‘i ix-l

35mesho]ate] UE U E 1g2 s0ml YA E2] vl Y
0043M CaCl2E ¥ 0.2M acetate buffer (pH5.6) 9ml-S- 7}?}
T 587 vortexing 3t 51 10000xgol| M YA E2) sl 1 Aol%
o5 AFHsHA 1044 3143 & k&
3] 29 soluble starch 50mlol 21l 375l A 1087+ ‘i‘}%
Al & A BT 4 N oz Hsl. &
29 FEZHL M FHE 548 S U8 Hol H)
g gadd gig dgy oz Jephdorre,

ol 5 mkE

$E AH7IE o] 83 & o] A ANtkel] A3 AT 59

Of. Gel permeation chromatography
AZotE 72 T]8 gel2 = Sepharose CL-2B(Pharmacia Fine
02N KOHEH & THE th o] &
2mkE Fete A=2otE 2 3] Leluent 2 AHEEHTE Eluent
9] flow rate:= peristaltic pumpS AH&-3+ 30mi/hour® 1%
A7 20, & tubed 3mI¥ AT+

Chemicals)E, eluentZ+

YE2 AHGE duto] o] YUt R e o ok

composition (%)

moisture 135

crude protein 6.84

crude fat 136

carbohydrate 7794

crude ash 0.36

1201
g 100+ §\§ :
T S N
g 801 o N
- .~ N
3 &
c 607 - §
€ 401 §
cC : \
% NN
= 2 §
01 SN W
1 2 3

4

2.Rpm 200 — Long shaft
4. Rpm 200 — Middle shaft

1.Rpm 300 — Long shaft(L/D:22.0)
3.Rpm 300 — Middle shaft(L/D:17.3)
Fig. 3. Changes in mean residence time of rice in the twin-
screw extruder operated at 150C by different screw
speed and screw length.
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Table 1. Viscosity of commercial weaning food product at their recommended concentration in water.
Recommended Viscosity Major
Sample ) . .
concentration(%) (cP) ingradient

Agi-meal 240 460 GR. 35.0%
Optima 25.0 600 Skim Milk 20.0%
(Namyang S. Co.) 26.0 750 Carbohyd 17.9%
Mamma-meal 18.0 150 GR. 23.0%
Ma-il Y. Co) 19.0 325 Skim Milk 21.8%
200 510 Carbohyd 13.1%

210 850
Cerelac 18.0 320 GR. 36.0%
(Nestle Korea) 19.0 550 Skim milk 30.0%
20.0 755 Carbohyd 11.9%

210 1,110
Agi-meal 1Q 17.0 150 GR. 49.8%
(Namyang Y. Co.) 18.0 300 Skim milk 20.1%
19.0 475 Carbohyd 16.7%

200 775
Step Royal 230 875 GR. 46.0%
(Namyang Y. Co)) 250 1,500 Skim milk 18.0%

270 2,800

G.R.:Gelatinized Rice Powder

Carbohyd.: Carbohydrates



Solubility($%)

1. Single, Rpm200(No Enzyme), Die Temp. 100
2. Single, Rpm200, Die Temp. 100C
3. Twin, Rpm 300-Middle shaft, Compres. Sect. 100C,
Meter. Sect. 150C
4. Twin, Rpm 300-Long shaft, Compres. Sect. 100,
Meter. Sect. 150 C
3. Twin, Rpm 300-Long shaft(5days aging),
Compres. Sect. 100, Meter. Sect. 150C
changes in the solubility of rice extrudates treated in
different exrtusion condition.

Fig. 4.

(Single : Single-screw exrtuder, Twin: Twin-screw extruder)
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A Rpm200-140C(Thermamyl 15U/Kg rice powder)
Fig. 5. Vissosity of Rice extrudates treated by single-screw
extrusion cooker operated at different conditions.
(1007C and 140°C are die temperatures)
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B Single, 140C(No enzyme)
+ Single, 140°C(Thermamy)
[ Twin, long shaft, compres. sect. 100,
meter. sect. 150 C(Thermamyl)
A Twin, long shaft, compres. sect. 100C,
meter. sect. 150 C(Thermamyl), 5days aging
X Twin, middle shaft, compres. sect. 100,
meter. sect. 150 C(Thermamyl)
— Single, 100°C(Thermamyl)
Fig. 6. Vissosity of Rice extrudates treated with either single-

screw extruder or Twin-screw extruder operated at
different condition.
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Residual Activity (%)
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Table 2. Proximate molecular size distribution of rice starch in the defferently treated rice products determined by Gel Per-

meation Chromatography

Sample >2x 10  2x10°-5x10° 5x10°-8x 10" <8 x 10
Raw rice 43.05 54.78 2.16 0
No enzyme,100C(S) 3220 50.38 15.76 1.66
Enzyme,100C(S) 15.13 31.93 3433 18.61
Enzyme, 140TC(9) 29.56 55.62 13.53 1.29
Enzyme, 150 C(T) 24.07 34.81 28.68 12.44
(S): Single-screw extruder — (T): Twin-screw exrtuder
40+
351
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251 35./
201 § 30
S 257
151 5
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10‘ <
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51 & 10
o
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1. Single, 200rpm, 100°C(No Enzyme) 1 2 3 4 5
2. Single, 200rpm, 100C(Thermamyl 15U/Kg rice)
3. Single, 200rpm, 140°C (Thermamyl 15U/Kg rice) 1. Single, 100T -200rpm
4. Twin, 300rpm, Long shaft, 150C, 2. Twin, 300rpm(5days aging)
(Thermamy! 15U/Kg rice) 3. Twin, 200rpméidays aging)
5. Twin, 300rpm, middle shaft, 150°C, . Twin, 300rpin
(Thermamyl 15U/Kg rice) By et
Fig. 7. Residual enzyme activity in the rice extrudates treated Fig- 8. Residual enzyme activity in the rice extrudates treated

with either single-screw extruder or twin-screw ex-

truder at different operation conditions.

with twin-screw extruder (Long shaft, 150C)
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— Raw rice
Single, 100C, no enzyme
Single, 100, Thermamyl(15U/Kg rice powder)
—  Single, 140, Thermamyl(15U/Kg rice powder)
Fig. 9. GPC pattern of rice starch in the extrudate treated
with single-screw extruder.
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20 3 4 5 60 70 80
number
— Raw rice
Single, 100, Thermamyl(15U/Kg rice powder)
-------- Single, 140°C, Thermamyl(15U/Kg rice powder)

—  Twin, 150C, Thermamyl(15U/Kg rice powder)

Fig. 10. Comparison of GPC pattern of rice starch in the
extrudates treated with different extruders.
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