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SUMMARY



|. Subject

Development of Process for Extruded Yukwa by Injecting CO2 Gas

II. Objective and Results

Extrusion- cooking and CO2 gas injection were applied to shorten the
process of Korean traditional snack (Yukwa) making. In traditional
process, waxy rice pellets were made by several process operations;
steeping for 1 week at 15 , steaming, mixing with air, moulding
(pelleting), and drying. Finally dried pellets are fried at 180
Extrusion- process variables for applying to continuous process for Korean
traditional snack making were determined. Steeped waxy rice powder was
extruded to gelatinized starch, and mould pellets. Extruded pellets were
completely gelatinized above 80 at 40% moisture. Air bubbles in pellets
were generated by injecting CO2 gas. Optimum conditions of the puffing
and texture for extruded pallets were: steeping time for 7 days at 25 ;
barrel temperature, 105 ; moisture content, 42%; CO2 injection pressure,

0.05 M Pa.

[I1. Content and Scope of Research

1. Traditional process for Yukwa making
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(1) Analysis of steeping process
(2) Microbial changes during steeping waxy rice

(3) Characteristics of Yukwa by process variables

2. Analysis of dough mixing process

3. Development of extruded- Yukwa making by CO2 gas injection

(1) Extrusion system
(2) Effect of extrusion- process variables on characteristics of Yukwa
(3) Effect of CO2 gas injection on characteristics of Yukwa

4. Post- extrusion of Bandegi
(1) Drying extruded Bandegi
(2) Frying extruded Bandegi

CONTENTS
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i) amylose . 1)
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pH 371 .1 3 pH
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2 18x 103 / , 10

Lactobacillus spp. 106 / , Yeast spp. 70x 103 /
113
, 10 14
i)
, 2 497 |/ 15
1246 /
35 3 20 10
4
3 roller 60
mesh, 80 mesh, 100 mesh
7
(ACWS, air classifying wheel speed) 20,000rpm  15,000rpm
ACWS
. 15,000 20,000rpm 15,000rpm

(ACWS)
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50%
. , baking powder, ,
alcohol yeast , ,

alcohol 9 1

747 |/ (P 0.001),

a - amylase (2- amylase)

100%
5 20%, 5 10%, 5 8%, baking powder 3%, 3
5%, yeast 5%, 0.5%
«C )
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3) Density

particle density . 3
4) Texture
SUN RHEO
METER(Compac - 100, mode 20) . Texture
analyzer 3 , bending strength

rupture strength, hardness

Bending strength = (dF/dl)(64d3/48m D4)

(dF/dI) slope , d
, D
Rupture strength = N/m2
N , m2
. hardness  rheometer data
Test type
Measure type Press
M ax 10kg
T able speed 100mm/m
Bending strength slope
Rupture strength force
5)
«C )
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slid glass sample (Olympus, Tokyo, C

- 35) x 50, x 100
6)
53%
mixer(Sinmag Corporation-
SM 200, Bowl(A200- 12)) mixer speed 2 (207rpm)

Power meter(Clip-on AC Power meter)

5, 10, 15, 20

7

Digital
T hermo- Hygrometer(Model, P570)

8)
differential scanning calorimeter(DSC)
9)
Rapid Visco Analyzer(RVA) , 18
4 , 4 , 4
3



(1)

40%
15 1 40% , 4
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(Fig. 1).
43%
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Table 1

500
(Fig. 3-1,2).
Fig. 4

a - amylase

Table 1. Change in chemical compositions by steeping

Steeping Time

Moisture (%) Protein (%) Ash (%)
(day)
0 (Raw rice) 14.3 8.05 0.44
2 4.4 8.68 0.23
7 4.3 7.30 0.22
10 4.1 5.73 0.20
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aw waxy tice

(a) R

(b) Steeping for 2 days

Fig. 3-1. Scanning electron microphotographs of the pericorp of waxy

rice during steeping.
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ARy ”
A
(d) Steeping for 10 days

Fig. 3-2. Scanning electron microphotographs of the pericorp of waxy

rice during steeping.
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(b) Waxy rice starch steeped for 2 days

Fig. 1. Scanning electron microphotographs of cross section of raw and

steeped waxy rice (X 8,000)
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Fig. 6. Effect of steeping time on expansion ratio and density of Yukwa
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13

Rheometer (Sun, Compac- 100)
, breaking strength hardness

breaking strength hardness

(Fig. 7).
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Fig. 7. Effect of steeping time on breaking strength and hardness of
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(Fig. 8).

2) BW BW pH
pH
pH
( colony DY (dark vyellow), LY(light
yellow), W(white), BW (big white) ). BW
pH (Fig. 9). BW
pH , pH 5
(Fig. 10).

BW pH BW

(ultrasonic homogenation)
, pH
BW
pH (Table 2).
, BW pH
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Changes of pH (11C)

1 2 3 4 5 9
Steeping duration{day)

Fig. 8. Decrease in pH for steeping waxy rice.
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, 20 ,
20 B

o - amylase i)

Table 2. Changes of pH by addition of BW cell extract (25 )

Incubation Addition of cell extract (ml)

Period (hrs) 0 0.5 1 2 4 8
0 6.95 - - - - -
1 6.80 6.49 6.24 6.09 5.88 5.64
2 6.75 6.20 5.86 5.56 5.40 5.26
3 6.65 5.94 5.63 5.39 5.31 5.14
4 6.63 5.87 5.48 5.26 5.20 5.04
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Effect of bacterial strains
on pH changes(33C)

‘—o—DW+R |

—a— DW+R+LY!
| —a— DW+R+DY|
| s DW+R+Y |

i —mx— DW+R+BW i

3'5 [l [
0 10 20 30 40 50
TIME(hr)

Fig. 9. Decrease of pH by addition of 4 bacterial strains into steeping

solution.
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Changes of pH at germ-free condition(11C)

1 2 3 4 4.5 5
Steeping duration{day)

Fig. 10. Influence of germ-free condition on the pH decrease during
steeping rice.

R + DW (No sterile).

Sterilized tice and DW, incubated at non germ-free condition.

Sterilized rice and DW, incubated at germ-free condition.
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Fig. 11. Effect of aging time on pasting properties of Yukwa plate
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(a) Aging for 2 days

(b) Aging for 6 days

section for aged

Fig. 12. Scanning electron microphotographs of cross—

Yukwa plate. (x 30).
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2)

Fig. 13 10%, 12%, 14%, 17%,
19% :
10% 17% 2.64
19% 2.44
17% 0.21 g/ ,

19% 0.22 g/

17%
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Fig. 13. Effect of moisture content on expansion ratio and density of

Yukwa plate.
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Expansion ratio Density (g/ml)
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Fig. 15. Effect of additives on expansion ratio and density of Yukwa
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Fig. 16. Effect of additives on breaking strength and hardnessof

Yukwa.
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Fig. 17
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(b) Edge of Yukwa

Fig. 17. Scanning electron microphotographs for the cross—section

Yukwa.(x20)
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Fig. 18 1, 3, 6

(kJ/kg)

Fig. 19
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Fig. 18. Effect of steeping time on specific kneading energy input for

Bandegi dough making.
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(b) 6 day steeping, 16k]J/kg kneading energy input

Fig. 19. Effects of steeping time and kneading encrgy input on the size

and distribution of air bubbles in Bandegi.
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, low - shear

screw, medium- shear screw  high- shear screw reverse screw



4 . conditioning,

preconditioning ,

200rpm, feed rate 20 30rpm
70 115

34.2%

85 115 10

COo2

50 350rpm 100rpm

(1)
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, 31 , L/D 22, 75 HP

(Fig. 20). pump
roll mill
42%
0.5kW
350rpm
300rpm . 4 Die
0.5 MPa
(
)
5
M Pa
(-15 ), : : (Fig.
20). 0.5
M Pa 10
0 5 MPa
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medium- shear screw

high- shear screw

low-shear screw,

90 115 , 50 350
rpm, 42% . low- shear
Screw medium- shear screw ,

, Fig. 21
high- shear screw (Fig. 21)
Table 3
circular type (9 22 , @4 ) slit type

(15 x 30 )

Table 3. Effect of COZ2 injection pressure on product density of fried

Bandegi.

Injection pressure (bar)

Particle density (g/cm3

0
5
10
15

0.42
0.38
0.24
031




(@4 )

Table 4

0.15

0 15 bar

/9
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Fig. 21. Screw configuration of the gas injection for forming Bandegi

(pellet).
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Table 4. Effect of die dimemsion and injection pressure on particle

density.
_— Circular type .

Injection Pressure (bar) 0 2.2 0 32 Slit type (1.5 x 30 )
0 0.34 0.37 0.43
5 0.33 0.26 0.45
10 0.27 0.18 0.32
15 0.32 0.17 0.24

(2)

( 7,

14 ) ) ) ) ) ) ) ) ) ( )

) 7
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(0.2g/ml)
105
105
27%
38.2%
34.2%
1)
(melting)
5 bar 70 115
0.1 g/
(Fig. 22). 100%
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42%,

105
105
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105 105
(Fig. 23).
, 1.5 MPa )

105 105 5.0 KPa

(Fig. 24).
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Fig. 22. Effect of barrel temperature on the degree of gelatinization and

piece density of Yukwa.
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Fig. 23. Effect of barrel temperature on apparent elastic modulus of

Yukwa.
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Fig. 24. Effect of barrel temperature on rupture strength of Yukwa.
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0.23g/ 0.13 g/ml
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(Figs. 26, 27).
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Fig. 25. Effect of dough moisture content on piece density of Yukwa
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Fig. 26. Effect of dough moisture content on apparent elastic modulus of

Yukwa.
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Fig. 27. Effect of dough moisture content on rupture strength of Yukwa
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Fig. 28. Effect of COQO: injection on the size and distribution of air

bubbles in Bandegi. (barrel temp. ; 115T)
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die swelling ,

55 4 2 conditioning
( : )
105 0.38g/ml , CO2
0.11g/ml (Fig 29).
105 793k Pa , CO2

1609kPa  CO2
, 115 1718kPa
3160kPa  (Fig. 30).

co2 105 65kPa co2
105 63kPa 115 46k Pa (Fig. 31).
105 co2
co2
Fig. 32 105
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Fig. 29. Effect of barrel temperature and CO; gas injection on piece

density of Yukwa.
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Fig. 30. Effect of barrel temperature and CO; gas injection on apparent

elastic modulus of Yukwa.
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Effect of CO: injection on Cross-scction of Yukwa

Fig. 32.
(barrel temp. ; 105C)
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Fig. 33
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250rpm 350rpm
250rpm 367kPa ,
250rpm  32kPa, 350rpm  27kPa (Figs. 34, 35).
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Fig. 33. Effect of screw speed and CO: gas injection on picce density of

Yukwa.
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Fig. 35. Effect of screw speed and CO- gas injection on rupture strength
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Fig. 36. Effect of steeping time and CO; gas injection on picce density

of Yukwa.
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Fig. 37. Effect of steeping time and CQO- gas injection on apparent

elastic modulus of Yukwa.
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Fig. 38. Effect of steeping time and CQ-. gas injection on rupture

strength of Yukwa.
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Fig. 39. Effect of steeping time on appearance of extruded Yukwa.
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Fig. 40. Effect of CO; injection on apearance of extruded Yukwa

(3-day steeping)
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Fig. 41, Effect of steeping time on Cross-section of extruded Yukwa
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Fig. 42. Effect of soymilk addition and steeping time on density of

Yukwa.
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Fig. 43. Effect of soymilk addition and steeping time on elastic modulus

of Yukwa
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Fig. 44, Effect of soymilk addition and steeping time on rupture strength

of Yukwa.
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(Fig. 45).

Fig. 46 60
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(Fig. 48).
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Fig. 45. Effcct of storage timc of cxtruded Bandegi on density of

Yukwa
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Fig. 48. Effect of barrel temperature on density of Yukwa
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Fig. 50. Effect of frying temperaturc on density of Yukwa
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