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Development of Vacuum Puffing Machine for Non-deep Fried Yukwa
and Its Puffing Characteristics by Process Variables

Je-Hyeok Yu and Gi-Hyung Ryu*
Department of Food Science and Technology, Kongju National University

Abstract

The aim of this study was to analyse the quality of Yukwa puffed by using a vacuum puffing machine and compare
to deep-fried Yukwa. The effect of vacuum puffing condition including heating temperature(100-160°C), preheating
time(0-8 min) and vacuum puffing time(5-20 min) on physical and microstructure characteristics of the Yukwa was
investigated. Vacuum puffed Yukwa at 100°C heating temperature, 6 min preheating time and 10 min puffing time
had highest value in volumetric expansion ratio(10.04) and lowest value in bulk density(0.15 g/cm®). The breaking
strength showed the lowest value of 140 g/cm® in vacuum puffing Yukwa at 100°C heating temperature, 6 min pre-
heating time and 15 min puffing time. The Yukwa puffed with the vacuum puffing machine at 100°C heating tem-
perature, 6 min preheating time and 15 min puffing time had the higher value of bulk density and the lower value
of volumetric expansion ratio than those of deep-fried Yukwa. Increasing preheating time and vacuum puffing time
caused an increase in white and an decrease in yellowness. The vacuum-puffed Yukwa exhibited smaller and uni-
form cell structure, while deep-fried Yukwa exhibited apparently in larger pores inside and smaller pores near the
surface layer. The optimum condition of vacuum puffing machine for the production of vacuum-puffing Yukwa was
120°C heating temperature, 4 min preheating time and 5 min puffing time.
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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°C for 6-7 hr.

1

Molding to 5x2x0.5 cm®(length<widthXthickness)

2

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

4

Sorting the pellet size

4

Storage at 3-4C

Fig. 1. Flow chart for the pellet manufacturing.
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V, : Volume of puffed pellet(Yukwa)
V,: Volume of pellet
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p, : Bulk density of Yukwa

p,, : Bulk density of millet

M : Mass of Yukwa

M, : Mass of millet in cup

M, : Mass of millet and Yukwa in cup
e

Sun Rheometer(Compac-100 II, Sun Sci. Co., Tokyo,
Japan)E ©]-&ste] F7o] AHALE(FHE FHsIATH =
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F, =F/S
F, : Breaking strength at cutting
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F: Maximum stress of Yukwa
S : Cross-sectional area
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Fig. 2. Photograph of vacuum puffing machine for non-deep
fried Yukwa.
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Fig. 3. Assembly of vacuum puffing machine for non deep-fried
Yukwa.



196 A4

0.75kW Q! 3 =45 71(LG-OTIS)E AH&-3151th.
© 7124 rEA0A: 7HEA W F-9
A=E AT

© 7194 AFA A 7t e s S8
UE=E A SFA T

@ XFA JFANA: A Wie] 4ge AT
U=E AASAT

$Z9 ZE: 220V, 40W, 0.6 A, 70-1400 rpm, 50/

60 Hz ¢l 2 & Al&-31th

@ AoA7): e eE, s, FFHE 24Y F U=
AR HUME2EE 200°0C7H4], D3-S 760 mmHg
0 719, £F AL onjoft7} 7Hs3L=S AA ST

SO R o] FoRX| =5 HA Azl

7FE 25 100°CNA o SAIb JgsYsha|Zbo] e =
719l WspE dojupA] edgkon, AFAst F 7)¥o] 5
He Aol BT e St Al A EA
Zro] F7vet with7lol At dide] Aot g
Zro] AojA 3} Mol with 7)o ZhHst dige] 2y
I AzxE o] WsrE dojuA] Btk 7FER%= 180°C ©f

(@)

@

Expansion ratio
-

a

@

Expansion ratio
%

[

.k

ol 27158 el gsl dldo] Bz AN
A QA Z T A [Fshr) o] FHs Hele 7tEe
= 100-180°C, A EAIZF 0-8%, FFH A7 520802
st

Frodsts

7HE 5, G BAIZE, R3S 2ol mE o sk
o] Ry s&2 Fig 49 2t} 7FE22% 100°Ce}F 120°C
oA A GAIZE Z1FoYsIA| 7] FTte} A Fulsshg
L ZIREIRAI R, 7 L5 140°Co A & o FAI 7 657HA]
Z7tslth7t o] $-ol= ZHAsiT) o= 220-240°CE] =%
oo A B3R 250°CoA] WEe W go] =4
Kim(2001)¢] A2 379t X8ttt 7FIAIZE 160°Co A
= LGN Hsia 7] Frole vl Fo]sshgo] =
2 Holt}h /M L% 100°C, A LA 7F 08, R FH3HA

H

5EAA 0982 7P WEkom, JFEE 100°C, A EAl
6% ZFISIAIZE 108904 10.042 718 =99tk R

Wshfrahel o g R} A EAI s
< sl EokE ) HuHss o472 SE MR
120°C, <l EAIZE 4, ZFHBAIZE 5] HAzHoR

o ol (Y

(b)

6

Expansion ratio
IS

=3

@

Expansion ratio
-

=3

P, i
Uffing 4.
9 hrrb{ ,n) 5

Fig. 4. Effect of vacuum puffing temperature and preheating time on volumetric expansion of Yukwa at heating temperature of

100°C(a), 120°C(b), 140°C(c) and 160°C(d).
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Fig. 5. Effect of vacuum puffing temperature and preheating time

120°C(b), 140°C(c) and 160°C(d).
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(b)

Fig. 6. Effect of vacuum puffing temperature and preheating time on breaking strength at cutting of Yukwa at heating temperature

of 100°C(a), 120°C(b), 140°C(c) and 160°C(d).
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Table 1. Changes in color value of vacuum puffed Yukwa at
different process variables (heating temperature 120°C)

Preheating Puffing Color value"
time(min) time(min) L a b
5 88.61 -1.44 9.41
10 90.28 -1.35 8.20
0 15 90.98 -1.38 8.77
20 90.30 -1.37 8.28
5 90.38 -0.94 7.88
10 89.88 -1.35 8.38
2 15 89.92 -1.33 8.34
20 90.24 -1.34 7.92
5 91.38 -1.30 7.22
10 91.26 -1.30 7.26
4 15 91.25 -1.31 6.94
20 90.61 -1.28 7.24
5 89.89 -1.32 7.84
10 90.87 -1.29 7.15
6 15 89.84 -1.34 7.57
20 89.27 -1.37 7.75
5 90.21 -1.34 7.66
10 90.10 -1.39 8.13
8 15 89.23 -1.33 9.49
20 89.68 -1.39 7.92
Deep-fried Yukwa 65.27 -2.37 8.72

YL 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)

Table 2. Changes in color value of vacuum puffed Yukwa at
different heating temperature (preheating time 4 min and
vacuum puffing time 5 min)

Color value"

Heating temperature(°C)

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

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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ko] HslEA 199

W 2 YR e

Fig. 7. Scanning electron micrographs of vacuum puffed Yukwa
at preheating time 4 min and puffing time S min at heating
temperature of 100°C(a), 120°C(b), 140°C(c) and 160°C(d).
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Fig. 8. Scanning electron micrographs of Yukwa obtained by
vacuum puffing(a) and deep-fried(b).
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