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SUMMARY

In commercial oil-puffing of Yukwa (Korean rice snack), the high fat content in final
product 1is considering a major factor increasing rancid-tasting products. Thus, the
objective of this study was to explore the possibilities of using vacuum puffing machine to
produce oil-free Yukwa products. Instruction of vacuum puffing machine used in this
research containing heat chamber, heater, vacuum chamber, vacuum pump, vacuum gauge,
pressure gauge, fan motor, fan and control box. The influence of steeping temperatures (25
and 30TC), steeping times (3, 5 and 10 days), steaming times (30, 60 and 90 min), punching
times (10, 15 and 20 min), pellet moisture content (20-35%) and heating times (1.33-5.33
min) were studied. The optimum processing parameters for puffing Yukwa by vacuum
puffing machine were the steeping condition at 30C for 3 days, the steaming time of 60
min, the punching time of 15 min, the pellet moisture content of 23.09% and the heating
time of 2.33 min. Moreover, the oxidative stability (acid and peroxide values) of vacuum
puffed Yukwa from optimize vacuum puffing condition and oil-puffed Yukwa was studied at
different moisture content (17 and 25%) of waxy rice pellet. The oil-puffed Yukwa from
25% moisture content of waxy rice pellet showed highest in both acid and peroxide values
while the peroxide value of vacuum puffed Yukwa had less than 9 meqg/kg even after 15
days of storage at 60C.
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s o AEY ofdEs Sheke] v FAWtow Axdda, e E Astest
3 2 kel FHdd Tas Aol fFEFHFS A8% I F EANE, A (20%) =

54% 97t Asivtal Bil(Sin et al. 199D 3 it} o] 2fgh A mef wpe)
A (100%) 8] FEFFS 0% =2 ko] dds HAAgtlen wHy] Az Agd FEAS F

o F-ofel A 2008 gk AnkA A ARSI

Fig. 1. Steeping of waxy rice after 7days.

2) 9% (Steeping)

ol = A gl FeFo] e g Awu|ste] FAG & Lo daE FAHoITE FAEe] ¢
T 24 " uAd Fx2E 4] HelAe Ao s3] 27 dtH(Kim et al. 1982, Seon
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S 12 Seon et al. 1995, Yang et al. 1982). A %4 ¢l 3
Ao we} o7t gliEd Edel= 10Y AX, A E 208 A +3HS 31

7to]l Axtstol] wel W niE SV A TS WA vH(Seon et al. 1995)al 3
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3) ¥4 (Grinding)
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ar A #F Aol EE 7] 938 F922HKim et al. 1982)0]t}, Ze]EH 7S o] &3}
o AV EE E43 3 60mesh, 80mesh, 100mesh 59 AE o] &3le] Ao F7|E *3H
A FAO AAE 2 A St B AFelA = U E o] &3ty 28] Fst] ARSI
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5 Eol7] #ste] 1603] oo #elx7] 7t 279 vHSeon et al 1995)aL 3T o] o
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Fig. 5. Assembly of non deep—fry vacuum puffing machine for Yukwa.
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Fig. 6. Photograph of non deep—fry vacuum puffing machine for Yukwa.

Fig. 7. Control box. Fig. 8. &g, Fig. 9. 7] 93%7147]
(A= AF83HA] 2.

Fig. 11. 7}g 3
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=% ®H4E 100T, 120T, 1407TC, 160TC, 180T = st A& AAsh T34 14}
24 A3 FAS S8 AN AFARARORE WRE AU G DALE 0

W, 28, 4, 6%, 8FolH, MFHWEAIZEL- 5, 10, 163, 20702 A3 & FAYIAES
S 180T = FaAlFo] Bl Ao =71s shlvhFig. 12). 257k W5 3

o]7] witolztal Atm et

Fig. 12. Yukwa products at 180T.

1) 4 % (density)

FAA G Y3l AFEQ FAE %Xéf{ S A2 E ol g3l AR F3
E s 2o AL S ol &
A A= Fig. 139 e LTk

Voo =M1 + My - M3) / pm = py =M/ V,
M; : Mass of millet in 125mL cup (g)
M, : Mass of Yukwa (g)
M; : Mass of millet and Yukwa in 125mL cup
pm : Density of millet (g/cm3)
py : Density of Yukwa (g/cm3)
Vy : Volume of ukwa (cm’)
Vi : Volume of millet out 125mL cup (cm’)
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2wk wobdel uel

WU 160Col A 7F8 9HA vskow,

.

L
= 4

Edall
preheating time 6

ol A A =7}

=]
o

o] WA= 6~8

= 011 g/em’o =2

-
1.

Tl A]

Ae At 100

=
=

o)
= .

_22_



B puffing time 15294 0.15 g/cm’o] 7} @A 24593, 120Col A= preheating time 4
B puffing time 155894 0.17 g/cm® 140C <} 160°C 9 A= preheating time 4%, puffing time
5804 0.17 g/cm’, preheating time 2%, puffing time 102914 0.19 g/em’Z A= o),
100C ol A== preheating time 6%, puffing time 1594 W& AFH3 F33o HEr} 0.15

g/emZ FE479 Wx 011 g/em’d] 7 7 7S VeI

2) -3 ¥ 3}& (Voluminal expansion ratio)
o] W& Lee SA 59 WHoR W3dFol ByE FAAI}NOZ =AW ALt

Ao olajer ph. AEAs fue] R¥) BHg 24 AE Fg 149 e,

o =

Dahs (o) = S F JJ(;zL)

=
U=

ji})ﬁw (mL) 100

0{N|

o)

z714 Algko] Zrola HE7F dojuhx] EAY collapse Bz & et dojux] ¢k
9] %] ut

=tk 100CE 257F whobx Ajzhe] Rt wel Ashgo] Frbske Aom E4HAAN,
] t}h ool %7t ol ¥

] 2525 B AZro] Aigte] uwhe}y FrbebA R vl A
gt hardness7} WAste] Wsl7l AE dojubx] e AoEZ 43T FE 2
o] F.3 %Pﬁ} L 14.342 =A At} 100Co A= preheating time 6%, puffing time 10%¢]

-

A 10042 7V =4 Jebste, 120CeF 140C ol A13= preheating time 4%-, puffing time 5%

3
T

oA Z+7t 945, 9.700.% 160TC ol 4| &= preheating time 2%, puffing time 10&-9]4 9.06°.% =

by

==
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Fig. 14. Voluminal expansion index of puffing
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3) A7} %= (Breaking strength)
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Fig. 15. Breaking strength of puffing Yukwa
A: 100C, B: 120C, C: 140C, D: 160T
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= ARel o] 3

et v]2gk Aoz dW3le] Sun Rheometer(Compac-10011,
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Table 1. Sun Rheometer condition for the breaking strength

Measurment Condition
Table speed 120 mm/min
Load cell 10 kg
Probe No.10

o

Aapgrol @27} ¥ AL collapse AAC=Z €18t hardness’} &7 E Aoz dolydt A
2 ddHY Ao R FaAEe] ddid s dWsked vseshA vEersrh Alzte] A
A 2 FAH fake] RvE s ke A

2 AGHAT FARE AA] FAZE At S 0 B A A e Sobssivh 5
HYow ¢late] Fa7t e X Zigi A ATk e 7] AR EE 22630 g/em’o®
ZAFRoH F8 e At =134 g/em®Z Z2A ) 100°Co) A= preheating time
6%, puffing time 10%-o]A 140 g/ oz 71 9 yskew, 120TCol A+ preheating time
A% puffing time 102914 191 g/cm® 2.2 ZAI T, 140Col A= preheating time 2%,
puffing time 10894 199 g/cm® , 160°C ol A% preheating time 2%, puffing time 10%-o] 4]
257 g/em o @ tha =7 ZAF AT 100C A Al S preheating time 6%, puffing time 10%-9]

=
A 140 g/em’o 2 e f3be] AUl 134 g/em’St Ao fAe AR E JERRST.

=

o

4 A%

Fre] M A= MEA(CR-300, Minolta, Japan)E ©]-&3Fe ™ &(lightness, L), &%
(redness, a), 34 E(yellowness, b)#ts =439 2n, L2 100(white)ol A1 O(black)7}H =], a%k
2 +60(red)ol A -60(green)ol A, bzt +60(yellow)oll A —60(blue)7}A] YEFHSIT. 5 3o
R L=97.26, a=-002, b=177& A&3T frihe) A% Auge Table 201 LRI

Aoz Hahmer ddAof £45kdvh daerl S5 WAL value)= S8k AoR
e TR o] A 2 - ]%4 3“40] o] Folx o] 37 o= Aor Atnd

o shA Alzke] B3t AEo] Euely) Wie] WA fas
Aow FAHAYG, ABES FAE o z%, AN R ASE FAGE T A F Y
SR 2 ARSI 2 Aol nold @tk 9 fush muws) uge W A4=s) 3
ARE FEAel vgw Ao mas] wers W 2 Aol wolx gkskrh sH v AR
Faaar A48 e ¢ 4 AATFI6). ot FRHHE NS Fro) WEew
Heks gln
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Table 2. Color value of Yukwa

Deep-fry Yukwa L value a value | b value
56.52 -1.50 8.60
p_reheati_ng .pufﬁn.g L value a value b value
time(min) | time(min)

5) 88.07 -1.49 8.46

10 88.93 -1.31 8.87

0 15 88.77 -1.32 8.82
20 88.64 -1.37 9.11

5) 89.27 -1.37 8.65

10 89.41 -1.37 8.60

2 15 89.99 -1.34 8.19
20 90.58 -1.41 8.11

S 90.19 -1.32 8.02

10 90.92 -1.34 7.59

4 15 91.07 -1.36 7.49
20 90.63 -1.29 7.74

5) 90.23 -1.32 8.11

10 90.86 -1.28 7.46

6 15 90.88 -1.34 7.65
20 90.27 -1.31 7.85

5) 90.80 -1.34 7.81

10 90.60 -1.31 8.02

8 15 91.19 -1.32 7.50
20 90.78 -1.33 797
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p_reheati_ng .pufﬁn.g L wvalue a value b value
time(min) | time(min)
5) 90.41 -1.28 8.00
10 89.97 -0.93 10.14
0 15 88.68 -0.91 11.45
20 87.63 -0.68 13.11
5) 89.15 -1.37 8.13
10 89.75 -1.29 8.49
2 15 88.39 -0.91 11.52
20 89.03 -0.72 13.42
5) 90.00 -1.34 8.81
10 88.80 -0.72 12.34
4 15 89.10 -0.81 11.70
20 87.69 -0.28 14.91
5) 89.15 -0.87 10.76
10 89.25 -1.06 10.19
6 15 87.21 -0.23 14.06
20 87.41 -0.30 13.73
5) 87.49 -0.23 14.40
10 86.48 0.25 16.94
8 15 86.14 0.07 17.13
20 85.93 0.11 17.31
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preheating

puffing

time(min) | time(min) L value | avalue | b value
5 89.56 -1.33 8.19
10 89.97 -1.33 .57
0 15 90.63 -1.36 7.49
20 89.95 -1.43 8.35
5 90.37 -1.31 7.66
10 90.52 -1.29 9.56
2 15 89.96 -1.38 897
20 89.89 -1.34 8.89
5 90.61 -1.42 797
10 90.05 -1.43 892
4 15 90.26 -1.23 10.02
20 89.52 -1.37 9.67
5 90.42 -1.26 9.44
10 90.33 -1.29 9.67
6 15 90.24 -1.23 9.34
20 89.42 -1.07 11.38
5 90.85 -1.37 8.05
10 90.46 -1.35 9.13
8 15 89.68 -1.09 10.27
20 89.47 -1.11 11.06
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p_reheati_ng .pufﬁn.g L wvalue a value b value
time(min) | time(min)
5) 90.41 -1.28 8.00
10 89.97 -0.93 10.14
0 15 88.68 -0.91 11.45
20 87.63 -0.68 13.11
5) 89.15 -1.37 8.13
10 89.75 -1.29 8.49
2 15 88.39 -0.91 11.52
20 89.03 -0.72 13.42
5) 90.00 -1.34 8.81
10 88.80 -0.72 12.34
4 15 89.10 -0.81 11.70
20 87.69 -0.28 14.91
5) 89.15 -0.87 10.76
10 89.25 -1.06 10.19
6 15 87.21 -0.23 14.06
20 87.41 -0.30 13.73
5) 87.49 -0.23 14.40
10 86.48 0.25 16.94
8 15 86.14 0.07 17.13
20 85.93 0.11 17.31

A:100C ,B:120C, C:140°C, D:160°C
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Fig. 17. Air cell in puffing Yukwa .
Al Deep—fry Yukwa B: Non deep-fry Yukwa
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Steeping waxy rice in water for 14 days

ad

Roller milling twice times

ad

Steaming for 40 min

ad

Punching for 5 min

ad

Drying at 50C for 6-7 hr.

ad

Molding to 5%2x0.5 cm’(lengthXwidth<thickness)

ad

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

ad

Sorting the pellet size

ad

Storage at 3-4TC

Fig. 1. Flow chart for the pellet manufacturing.

3 WAy 2 Azt

Agqets o] g3 WA ftE Axsr] Aste] A& AeYII|E <

<, A AT AFEA ez AAF G VM= 100C, 120C, 140C, 160TC, 180C=
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3) ¥ 45g
Fte] B Ee AEE o §F FAANBYOE FE FHGon, Pahfte Fv)
o s A wrle) ule) vz okeje] Aol oste] Asln.

vEr- —
% VEI :

L
Volumetric expansion index
Vy : Volume of puffed pellet(Yukwa)
V, : Volume of pellet

AUEE B4 AFS T/ AN A2E o5 FAHBYO

= AT
stol 24T AFOoRRE AR F3b F3)9 wzA obehel A olgstel Tahgrh.

py : Bulk density of Yukwa
On - Bulk density of millet

M Mass of Yukwa

My - Mass of millet in cup

M; : Mass of millet and Yukwa in cup

b) A%

Sun Rheometer(Compac-10011, Sun Sci. Co., Japan)Z ©]&3to] f39 AGAE(F)E =

t

i

Attt A2 AL HA3E 10 kg, AAW o]FE% 120 mm/min®] ™, probet Z¥ % (0.01
mm)& AR T AedEE Ryu & Ng(2001)9] 218 &83F ofgfe] 2oz ALsladvt

Fbs = Fs/S
Fus ¢ Breaking strength at cutting
Fso Maximum stress of Yukwa

S : Cross—sectional area
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6) A%

A A2 A(CR-300, Minolta, Japan)Z ©o]g€3le] %= L, a b &S =AY #%
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® 719y AFANA: AL WRe] e FH4F ¢ A= YASAE
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ZFEL5 100C oA oA QA AFsiagie] gL 27 Ayt dojubA| dgkod, X
s F Vo] FREHE Aol RASY tE=r=e FUkeh A A Azte] Frtskd
Rt 7)ol el A4fol dojivt. o EA|3bo] AojxH st o whrfjr]e] AWsl @bl ¥
A Azxwo] Ayt dojubx] gttt 7FER % 180T o dollA 7|58 fitel sl |
gol wAgow HAddA AL wEb AeAsEtrle] sAWs Wels e

100-180°C, Az 0-8%, M FHA3AIZF 5-208 0.2 &}3th.
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1 Heat chamber 6 Vacuum gage
2 Heater 7 Vacuum gage
3 Vacuum chamber 8 Fan Motor
4 Vacuum pump 9 Control box
5 Pressure gage 10 Fan

Fig. 3. Assembly of vacuum puffing machine for non deep—fried Yukwa.
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Expansion rafio

Expansion ratio

Hffing L

Fig. 4. Effect of vacuum puffing temperature and preheating time on

volumetric expansion of Yukwa at heating temperature of 100 Ta), 120 Cb),
140C(c) and 160 T (d).
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Densitylglem )

Densitylglom’ ]

Fig. 5. Effect of vacuum puffing temperature and preheating time on bulk

density of Yukwa at heating temperature of 100 Ua), 120 €b), 140 Cc) and 16
0TC(d).
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Breaking strengthiglem’t

Fig. 6. Effect of vacuum puffing temperature and preheating time on breaking

strength at cutting of Yukwa at heating temperature of 100C(a), 120C(b), 1407
(c) and 160°TC(d).
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Table 1. Changes in color value of vacuum puffed Yukwa at different process

variables(heating temperature 120C)

Color value”

Preheating Puffing
time(min) time(min) L a b
5 88.61 -1.44 9.41
0 10 90.28 -1.35 8.20
15 90.98 -1.38 8.77
20 90.30 -1.37 8.28
5 90.38 -0.94 7.88
9 10 89.88 -1.35 8.38
15 89.92 -1.33 8.34
20 90.24 -1.34 7.92
5 91.38 -1.30 7.22
A 10 91.26 -1.30 7.26
15 91.25 -1.31 6.94
20 90.61 -1.28 7.24
5 89.89 -1.32 7.84
6 10 90.87 -1.29 7.15
15 89.84 -1.34 7.57
20 89.27 -1.37 7.75
5 90.21 -1.34 7.66
g 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

VL value degree of lightness (white + 100 < 0 black)
a value degree of redness (red + 60 < -60 green)

b value degree of yellowness (yellow + 100 < O blue)
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Table 2. Changes in color value of vacuum puffed Yukwa at different heating

temperature(preheating time 4min and vacuum puffing time 5min)

Heating Color value”
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

VL, value degree of lightness (white + 100 < O black)
a value degree of redness (red + 60 < -60 green)

b value degree of yellowness (yellow + 100 < O blue)
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2 mm & mm

Fig. 7. Scanning electron micrographs of vacuum puffed Yukwa at preheating
time 4min and puffing time 5min at heating temperature of 100 Ca), 120 (h),
140°C(c) and 160C(d).
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Fig. 8 Scanning electron micrographs of Ywkwa obtained by vacuum puffing(a)
and deep—fried(b).
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Fig. 1. Manufacturing process of vacuum-puffed Yukwa.

Fig. 2. Photograph of vacuum-puffing machine for Yukwa making.

a. heating chamber, b. open—close valve, c¢. vacuum chamber
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Table 1. Effects of pressure difference and moisture content in pellet on expansion ratio

and piece density of vacuum-puffed Yukwa

Moisture content Pressure difference ) ) Piece density
%) (atm) Expansion ratio (g/em®)
1 1.32 0.60
17 2 1.52 0.42
3 2.24 0.41
1 2.09 0.34
22 2 2.18 0.31
3 2.85 0.24

Drying temperature was 407C.
Steaming time was 60 min.
Punching time was 15 min.

Puffing temperature was 1207C.
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Fig. Appearance of vacuum-puffed Yukwa at different pressure.
pellets with 22% moisture.
vacuum-puffed Yukwa under pressure diference at 1 atm.

vacuum-puffed Yukwa under pressure diference at 3 atm.

T 0 T e W

deep—oil puffed Yukwa.

Fig. 4. Appearance of inner cell structure of vacuum-puffed Yukwa under pressure

difference at 1 atm.
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Table 2. Effects of steaming time and moisture content in pellet on expansion ratio of

vacuum-puffed Yukwa

Steaming time Moisture content ) )
] Expansion ratio
(min) (%)
18 4.35
21 6.65
30 24 7.22
25 8.15
27 8.42
22 4.85
24 21.48
60
26 8.24
28 9.63

Drying temperature was 407C.
Puffing temperature was 120TC.

Pressure difference was 3 atm.
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(b) Vacuum—puffed Yukwa (1.0x magnifications)

(b) Vacuum—puffed Yukwa (1.8x magnifications based on middle photo)

Fig. 5. Appearance of pellets(a) and vacuum-puffed Yukwa(b and c) under slow release of

pressure difference at 3 atm.
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Table 3. Effects of pressure difference, and moisture content and additives in pellet on

expansion ratio and piece density of vacuum-puffed Yukwa

Moisture . . .
o y Pressure difference ) ) Piece density
content Additives Expansion ratio 5
(atm) (g/cm”)
(%)
no? 1 1.32 0.60
no 2 1.52 0.42
no 3 2.24 0.41
17.0
addition 1 1.40 0.16
addition 2 1.82 0.31
addition 3 1.76 0.34
no 1 2.09 0.34
no 2 2.18 0.31
no 3 2.85 0.24
22.0
addition 1 3.66 0.27
addition 2 3.80 0.28
addition 3 4.32 0.29
no 1 2.57 0.34
no 2 4.57 0.18
no 3 5.15 0.17
25.5
addition 1 3.53 0.26
addition 2 4.23 0.23
addition 3 6.37 0.15

YFormulation ratio of waxy rice, sugar and soju(20% ethanol, v/v) was 50, 1, 1(weight
base).

“No addition.

Drying temperature was 40<C.

Steaming time was 60 min.

Punching time was 15 min.

Puffing temperature was 1207C.
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Fig. 6. Appearance of vacuum-puffed pellets added with 1.9% sugar and 1.9% soju(209%
ethanol, v/v).

a: Pellets with 229 moisture.

b: Vacuum-—puffed Yukwa at pressure difference of 1 atm.

¢! Vacuum-puffed Yukwa at pressure difference of 2 atm.

d: Vacuum-puffed Yukwa at pressure difference of 3 atm.

e! Deep-oil puffed Yukwa.
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EL00
1.0x magnifications

'l*l : ..'.“

.5x magnifications based on top photo

Fig. 7. Comparison with appearance of deep-oil fried(a) and vacuum-puffed Yukwa(b) at

under slow release of pressure difference at 3 atm.
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Fig. 8. Appearance of inner cell structure of vacuum-puffed Yukwa under slow release of

pressure difference at 3 atm.
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Fig. 1. Schematic diagram for preparation of Yukwaproducts.
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Fig. 2. Images for vacuum puffed and fried Yukwa product before coating with syrup and
roasted cereal grits.

Table 1. Physical properties of vacuum puffed and fried Yukwa products

Moisture Cooking  Expansion  Densit Color
content of method ratio (g/em”)
pellet (%) & 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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WD 4458 mm | AN ESER Hy. T 00 kv Wik 50.00 mm
Det 5E N SEM MAG: T.0x Det SE 1 mm ¥
mun

W 5212 mm

SEM M. 100KV WD 52 62 mm
Det SE

[GEM MEG: 7.0« EEL MAG: 7.00u Det SE 0 mm -
KNL.n

Fig. 4. The microstructure of vacuum puffed and fried Yukwa products.
(A)  Yukwa from 17% moisture content of waxy rice pellet with vacuum puffing
method
(B) Yukwa from 17% moisture content of waxy rice pellet with frying method
(C)  Yukwa from 25% moisture content of waxy rice pellet with vacuum puffing
method
(D) Yukwa from 25% moisture content of waxy rice pellet with frying method
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Fig. 5. Changes in the peroxide value (A) and acid value (B) of vacuum puffed and fried
Yukwa products during storage at 60C.
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Fig. 6. Changes in breaking strength of vacuum puffed and fried Yukwa products during
storage at relative humidity of 30(A) and 60%(B).
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Fig. 8. Images for vacuum puffed Yukwa product with coating syrup

and roasted cereal
orits.

Appearance

—— 1 7%%-vacuum
—B— 17%-deepfry

e 25%-vacuum
Stickiness =1 Flawor e 25N deep iy

Hardness “Crispness

Fig. 9. Sensory profile of final Yukwa products.
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Fig. 1. Photograph of Vacuum-puffing machine. (A): Heating chamber, (B): Vacuum valve
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Table 1. Analyses of variance for the effect of steeping conditions and drying time on
Parameters

characteristics of vacuum puffed Yukwa
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Table 2. Effects of steeping conditions and drying time on the characteristics of

vacuum-puffed Yukwa
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A H Drying time: 6 h O Drying time: 8 h B Drying time: 105 h
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Fig. 2. The moisture content of pellet at steeping temperature of 25C (A) and 30C (B).
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Fig. 3. Corresponding between pellet moisture content and expansion ratio of

vacuum-puffed Yukwa at different steeping conditions and drying time.
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Fig. 4. Corresponding between pellet moisture content and density of vacuum-puffed Yukwa
at different steeping conditions and drying time.
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(C) Vacuum-puffed Yuvkwa from moisture content pellet of 24.41%4.

(A)Vacuum—puffed Yukwa from moisture content pellet of 16.78%;
(B)Vacuum—puffed Yukwa from moisture content pellet of 21.01%;

Fig. 5 Photos of vacuum-—puffed Yukwa steeping at 25C for 10 days.
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Fig. 6. Corresponding between pellet moisture content and breaking

vacuum-puffed Yukwa at different steeping conditions and drying time.
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vacuum-puffed Yukwa at different steeping conditions and drying time.
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Table 3. Analyses of variance for the effect of steaming and punching time on physical

properties of vacuum puffed Yukwa

Parameters Means square
Steaming time (min) Punching time (min)

Moisture content (%) 1.2982 0.2703
Expansion ratio 0.9991"" 0.1704
Density (g/cm’) 0.0002 0.0002
Breaking strength (N/m?) 5.15E+08 1.15E+09
Color L 0.4115 1.4660
Color a 0.6404 1.0369
Color b 12.5996 6.1055

***Significant P<0.01;**Significant atP<0.05;*SignificantatP<0.1.
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Table 4. Effects of steaming and punching time on the characteristics of vacuum-puffed
Yukwa

S team in g P umnoching P elletm o i
tim e (m in ) tim e (m in ) c o n ten t (
1 0 2 3 .4 6

3.0 1 5 2 4 .0 6

2 0 2 2 .4 7

1 0 2 2 8 7

6 0 1 5 2 3 3 7

2 0 2 4 8 0

3) Ag 3 wHse FREF L ASA AAAe] WA= g
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Fig. 8. Effect of pellet moisture content and heating time on moisture content of
vacuum-puffed Yukwa
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Fig. 9. Effect of pellet moisture content and heating time on expansion ratio of
vacuum-puffed Yukwa
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Fig. 11. Images of vacuum-puffed Yukwa from pellet moisture content of 20.17% at
different heating time. (From left to right, top to bottom, the heating time is 1.33, 1.67, 2,
2.33, 2.67, 3, 3.33, 367, 4, 4.33, 4,67, 5, 5.33 min).
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Fig. 13. Effect of pellet moisture content and heating time on breaking strength of
vacuum-puffed Yukwa.
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AOAC: Official Methods of Analysis. 15th ed., Association of Official Chemists, Washington
D.C.(1990)

Kim JM. Scientific Explanation on Busugee. Food Industry. 121. 15-25(1993)
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