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Studies on the Effects of Amylase Addition to Rice Extrusion on the
Rheological Properties of the Extrudate for Weaning Food Base
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Department of Food Technology, Kovea University

Abstract

The effects of amylase addition during extrusion cooking of rice on the physico-chemical properties
of the extrudates were investigated in order to develop rice-based Korean style weaning food products.
A laboratory-built single screw extruder was used, the enzymes used were Termamyl 120LS(amylase
from Bacillus licheniformis, NOVO Co.), BAN 240L(amylase from Bacillus amylolichuefaciens, NOVO
Co.) and malt powder. By the addition of enzymes, the water soluble index of the extrudates increased
by 3 times compared to that of the extrudates without enzyme and the concentration of reducing
sugar in the extrudates increased drastically at 28% feed moisture. The gel permeation chromatogra-
phic pattern showed that the large molecular starch fractions diminished by the addition of enzyme
during extrusion and the low molecular fraction increased. The residual enzyme activity in the extru-
date were 27% for the most thermo-resistance enzyme by treating at 140C in the metering section
of the extruder. The sediment volume of the extrudate dispersion increased as the metering section
temperature increased to 140C. By the addition of enzymes the viscosity of extrudate dispersion
was redused 1/4~1/200 of that of the extrudates without enzyme. It allowed to use 1.8 times of
solid material to the weaning food formulation to attain the same level of consistency as the commercial
products. It proves that the addition of amylase during rice extrusion is effective to increase the
energy density of weaning food by starch degradation, which results in the increases of water solubility,
reducing sugar content, dispersibility and fluidability.
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Table 1. Changes in minimum residence time(RT),
mean residence time and half residence time of rice
extrusion by moisture content and enzyme treatment

Moisture  Enzyme Minimum Mean RT Half RT
content content RT (sec) {(sec)
(/Kg rice) (sec)
18% control 25 40 60
B 06U 25 40 60
B 3U. 25 45 65
T 0.6U 25 40 60
T 3U. 25 45 65
23% control 25 50 65
B 0.6U 25 55 80
B 3U. 25 60 105
T 0.6U 25 55 95
I 30. 25 60 130
28% control '3() 50 70
B 0.6U 50 95 180
B 3U. 55 120 250
T 06U 50 100 195
T 3. 55 125 270
23%* B 3U. 25 50 70
T 30 25 50 70
Malt 3U. 25 45 65

T: Termamvl B: BAN 1U: 100 mg maltose/min/g enzyme
control: without enzyme *: Heating band was used
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Table 2. Changes in water soluble index (%) of rice extrudates by the addition of amylases

Moisture Enzyme

Content Content(/Kg rice) 70 80

18%  control 20.1 223
B 0.6U 46.7 45.3
B 3U 58.0 60.2
T 06U 55.6 584
T 3U 58.7 60.4

23% control 19.3 20.8
B 06U 45.0 43.5
B 3U 56.0 53.1
T 06U 524 54.1
T 3U 56.2 59.6

28% control 18.6 19.2
B 06U 378 37.0
B 30 55.9 56.7
T 06U 435 43.6
T 3U 53.8 534

23%* B 3U
T 3U
Malt 3U

Metering section Temp.(C)

90 100 110 120 130 140
254 286 207 29.8 301 283
421 374 35.4 32.1 323

487 50.4 52.2 494 50.3

52.3 425 39.7 38.2 394

62.1 60.2 55.3 53.2 498

245 26.7 283 29.0 278 26.4
36.1 30.8 298 29.7

49.9 53.4 186 36.4

38.8 275

61.4 52.3

22.5 25.7 275

35.0 34.7 289

54.0 51.7 51.2

48.6 439

54.6 475

43.2 37.3 36.5 35.5
50.7 48.3 42.2 39.2
30.1 332 324 284

T: Termamyl B: BAN 1U: 100 mg maltose/min/g enzyme control: without enzyme *: Heating band was used
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Table 3. Changes in the content of reducing sugar (maltose equivalent) of rice extrudates (mg/g) by feed moisture

content and enzyme treatment

Moisture Enzyme

Content Content 70 80

18% control - -
B 0.6U 164 14.3
B 3U 534 42.1
T 0.6U 14.3 15.2
T 3U 63.9 99.9

23% control - -
B 06U 20.6 19.8
B 3U 85.0 54.9
T 0.6U 20.3 178
T 3U 89.6 157.5

28% control - -
B 0.6U 144.7 121.9
B 3U 164.1 144.0
T 0.6U 122.8 163.1
T 3U 149.3 178.4

23%* B 3U
T 3U
Malt 3U

Metering section Temp.(C)

90 100 110 120 130 140
- 1.2 13 1.3 1.8 12
13.6 10.1 9.7 8.1 8.1
315 234 17.5 18.9 17.8
13.2 11.1 10.9 10.1 9.9
56.6 394 29.2 28.8 24.1
- - 1.1 14 1.4 11
15.0 15.3 15.8 19.1
40.0 38.7 39.2 323
15.0 12.6
150.6 99.7
111.7 55.7 40.3

1358 131.1 1324

133.1 121.3

177.2 137.9
374 35.6 33.6 30.2
704 50.8 44.2 40.1
10.2 84 8.3 6.2

T: Termamy! B: BAN 1U: 100mg maltose/min/g enzyme control: without enzyme *: Heating band was used
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Fig. 1. Changes in molecular weight distribution of rice extrudates determined by Sepharose CL-2B gel permeation

chromatography

All samples were extruded with 23% moisture content. N: No-enzyme, T: Termamyl 3U. Numbers 80, 110 and 140

are the metering section temperature (C)

Residual activity(%)
8

m“r\..*_,_..\1

a T s . T —
110 115 120 125 130 135 140
Metering Section Temp. (‘C}

Fig. 2. Residual amylase activity in rice extrudates at
moisture content 23%

*1U: 100 mg matose/min/g enzyme. M ~M: Termamyl
3U(Kg rice), . .—_ BAN 3U(/Kg rice), = —«: Malt
3U(/Kg rice)
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Fig. 3. Accelerated sedimentation curves of rice extru-
dates at moisture content 23%

*1U: 100 mg maltose/min/g enzyme *Heating band was
used(Termamyl 3U, BAN 3U and Malt 3U). A: 110C
B: 1407

B—B; No enzyme, _'- ; Termamyl 3U(Kg rice),
x-—x; BAN 3U(/Kg rice), a--a: Malt 3U(/Kg rice)
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Fig. 4. Apparent viscosity of extrudates at different
solid concentrations. (m.c. 23%, 110°C)

8—-8; No enzyme, x- x; Termamyl 3U(/Kg rice),
= = BAN 3U(/Kg rice), ' —11; Malt 3U(/Kg rice)
*1U: 100 mg maltose/min/g enzyme

*Heating band was used(Termamyl 3U, BAN 3U and
Malt 3U).

10000
80001
ey
Lo
2
G 60001 .
(o]
(&}
K
> /
S
g 4000
[oN
Q.
<
2000
[¢] T T v
10 20 30 40 53¢}

Solid concentration (%)

Fig. 5. Apparent viscosity of extrudates at different

solid concentrations. (m.c. 23%, Termamyl 15U)
*1U: 100 mg maltose/min/g enzyme. B~ W: 80C, X -
> 110C . «— £ 140C
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Table 4. The solid concentration of extrudate required clens = 5-€) F-2]3 BAN 240L(NOVOA}) 1 wlolRut
to show the same apparent viscosity of the recommend- olth, opiubdl H7lbo ols| tEZFujEel S8R T

ed dosage of commercial weaning foods

commercial commercial B(16%)
Extrudates A(25%) and C(20%)
1 7200 Centipoise 800 Lentlpmse

No enzyme 110T 17% 12%

140C 17% 12%
Termamyl 3U 80C 37% 25%
(/Kg rice) 110C 45% 23%

140C 27% 13%
BAN 3U 1107 45% 36%
(/Kg rice) 140C 32% 20%
Malt 3U 110C 25% 16%
(/Kg rice)  140C 27% 16%
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