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제 장 연구개발과제의 개요1
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제 장 국내외 기술개발 현황2
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제 장 연구개발수행 내용 및 결과3
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Vm = (M1 + M2 - M3) / ρm => ρy = M2 / Vy

M1 : Mass of millet in 125mL cup (g)

M2 : Mass of Yukwa (g)

M3 : Mass of millet and Yukwa in 125mL cup

ρm : Density of millet (g/cm3)

ρy : Density of Yukwa (g/cm3)

Vy : Volume of ukwa (cm3)

Vm : Volume of millet out 125mL cup (cm3)



- 22 -



- 23 -

팽화율 
건물중량

팽화후부피팽화전부피
× 
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Steeping waxy rice in water for 14 days

 

Roller milling twice times

 

Steaming for 40 min

 

Punching for 5 min

 

Drying at 50 for 6-7 hr.℃

 

Molding to 5×2×0.5 cm3(length×width×thickness)

 

Re-drying at 50 until moisture content below 90%℃

 

Sorting the pellet size

 

Storage at 3-4℃
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Preheating
time(min)

Puffing
time(min)

Color value1)

L a b

0

5 88.61 -1.44 9.41

10 90.28 -1.35 8.20

15 90.98 -1.38 8.77

20 90.30 -1.37 8.28

2

5 90.38 -0.94 7.88

10 89.88 -1.35 8.38

15 89.92 -1.33 8.34

20 90.24 -1.34 7.92

4

5 91.38 -1.30 7.22

10 91.26 -1.30 7.26

15 91.25 -1.31 6.94

20 90.61 -1.28 7.24

6

5 89.89 -1.32 7.84

10 90.87 -1.29 7.15

15 89.84 -1.34 7.57

20 89.27 -1.37 7.75

8

5 90.21 -1.34 7.66

10 90.10 -1.39 8.13

15 89.23 -1.33 9.49

20 89.68 -1.39 7.92

Deep-fried Yukwa 65.27 -2.37 8.72

1)L value degree of lightness (white +100 0 black)⟷

a value degree of redness (red +60 -60 green)⟷

b value degree of yellowness (yellow +100 0 blue)⟷
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Heating

temperature( )℃

Color value1)

L a b

100 90.19 -1.32 8.02

120 91.38 -1.30 7.22

140 90.61 -1.42 7.97

160 90.00 -1.34 8.81

Deep-fried Yukwa 65.27 -2.37 8.72

1)L value degree of lightness (white +100 0 black)⟷

a value degree of redness (red +60 -60 green)⟷

b value degree of yellowness (yellow +100 0 blue)⟷
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Steeping

Grinding

Steaming 

Punching

Cooling 

Molding

Drying 

Conditioning

Vacuum puffing

Product
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Moisture content

(%)

Pressure difference

(atm)
Expansion ratio

Piece density

(g/cm3)

17

1 1.32 0.60

2 1.52 0.42

3 2.24 0.41

22

1 2.09 0.34

2 2.18 0.31

3 2.85 0.24



- 54 -



- 55 -

Steaming time

(min)

Moisture content

(%)
Expansion ratio

30

18 4.35

21 6.65

24 7.22

25 8.15

27 8.42

60

22 4.85

24 21.48

26 8.24

28 9.63
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α β

β

α
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Moisture

content

(%)

Additives1)
Pressure difference

(atm)
Expansion ratio

Piece density

(g/cm3)

17.0

no2) 1 1.32 0.60

no 2 1.52 0.42

no 3 2.24 0.41

addition 1 1.40 0.16

addition 2 1.82 0.31

addition 3 1.76 0.34

22.0

no 1 2.09 0.34

no 2 2.18 0.31

no 3 2.85 0.24

addition 1 3.66 0.27

addition 2 3.80 0.28

addition 3 4.32 0.29

25.5

no 1 2.57 0.34

no 2 4.57 0.18

no 3 5.15 0.17

addition 1 3.53 0.26

addition 2 4.23 0.23

addition 3 6.37 0.15
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Moisture
content of
pellet (%)

Cooking
method

Expansion
ratio

Density
(g/cm3)

Color

L a b

17 Vacuum 2.68 0.19 76.19 3.95 17.67

Deep-Fry 4.52 0.14 70.69 0.50 16.54

25 Vacuum 6.80 0.09 77.59 0.25 6.80

Deep-Fry 8.07 0.08 67.69 -0.49 6.20
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wa. Korean J Food Cookery Sci. 28 : 369-377.
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S t e e p i n g  

T e m p .
( ℃ )

S t e e p i n g  

t i m e  
( d a y )

D r y i n g  

t i m e  
( h )

2 5

3

6

8

1 0 . 5

5

6

8

1 0 . 5

6
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***Significant P<0.01;**Significant atP<0.05;*SignificantatP<0.1.

Parameters Means square

Steaming time (min) Punching time (min)

Moisture content (%) 1.2982 0.2703

Expansion ratio 0.9991*** 0.1704

Density (g/cm3) 0.0002 0.0002

Breaking strength (N/m2) 5.15E+08 1.15E+09

Color L 0.4115 1.4660

Color a 0.6404 1.0369

Color b 12.5996 6.1055
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S t e a m i n g  
t i m e  ( m i n )

P u n c h i n g  
t i m e  ( m i n )

P e l l e t  m o i s t u r e  
c o n t e n t  ( % )

3 0

1 0 2 3 . 4 6

1 5 2 4 . 0 6

2 0 2 2 . 4 7

6 0

1 0 2 2 . 8 7

1 5 2 3 . 3 7

2 0 2 4 . 8 0
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제 장 목표달성도 및 관련분야에의 기여도4
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제 장 연구개발 성과 및 성과활용 계획5
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