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Abstract

This study aimed to develop an instant Injulmi machine by comparing quality characteristics of Injulmi made with
traditional process and instant Injulmi machine. The effect of steeping time (6, 12, 18 hr) on hardness rate constant,
microstructure, gelatinization degree by RVA and DSC, and water solubility index, water absorption index was stud-
ied. The result showed that hardness rate constant of traditional Injulmi and instant Injulmi at 12 hr of steeping time
had lowest. Hardness rate constant of instant Injulmi was higher than traditional Injulmi at room temperature(20+
1°C), while it was lower than traditional Injulmi in cold storage(4°C). The microstructure depended on steeping time.
The small pores could be observed on traditional Injulmi at 6, 12, 18 hr and instant Injulmi at 18 hr steeping. On
the RVA gelatinization characteristics, the cold peak viscosity appeared at 6, 12 and 18 hr on traditional Injulmi,
but hot peak viscosity did not. The instant Injulmi had the cold peak viscosity for only 18 hr of steeping time. Gela-
tinization degree by using DSC of traditional Injulmi was 99.89, 99.68, 95.62% and instant Injulmi was 78.49,
80.35, 99.72% at 6, 12 and 18 hr, respectively. The water solubility index of traditional Injulmi was higher than
instant Injulmi at 6 and 12 hr of steeping time, but no difference at 18 hr. The traditional Injulmi had low water

absorption index than instant Injulmi at 6 and 12 hr.
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(Lee & Cho, 2001), %! th5(Cha & Lee, 2001), =7}
(Cha et al., 2000), Z1](Cho & Cho, 2000), =X} Kown
et al, 1996), + =2} (Kown et al., 1996), FY < (Lee et
al, 1990) ¢ FASEE H7ist Adn FAEA dish
A9 3 A 7HHong, 2002), A&EH¥¥H(Kim & Shin,
2002; Kim & Shin, 2000), 3% Z3(Ha et al, 2001;
Sung et al., 2000; Choi & Kang, 1999), Al ZWH(Lee &
Yoon, 1995; Song et al., 1990) 5& 2|3t <1dn Hx
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waxy rice
!
washing 4 times
|
steeping 6, 12, 18 hrs
d

draining 30 min
| add 1% salt
roller milling

!
preconditioning(MC 48%)
v
steaming 20 min

l

punching 10 min(close 5 min, open 5
min)
|
cooling 30 min
!

molding

Fig. 1. Procedure of traditional Injulmi making process.
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waxy rice

!

washing 4 times
)

steeping 6, 12, 18 hrs

!

draining 30 min
| add 1% salt

roller milling

i
preconditioning(MC 48%)

l

instant Injulmi

machine(IRCM-1)
{
cooling 30 min
i

molding

Fig. 2. Procedure of instant Injulmi making process.
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ARAAZE 0, 12, 24, 27, 30, 33, 36, 42, 48 A 7Hd wf =
3t olu) AL&-E probe typeS 4 =34 -§ probeZ A
Aol HAL2 20 mmo] L load cell> 10 kg, table
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H, : Hardness at storage time (t)
H, : Initial hardness (t,)

t : Storage time (hr)

k : Hardness rate constant (hr)
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Fig. 3. Screw configuration for instant Injulmi process(Model IRCM-1).
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BV: Breakdown viscosity IGT: Initial gelatinization time

Fig. 4. RVA temperature profile and pasting parameters.

SRR FAAZRT FARE, AN e A5
Aujg} $42914v] A& 10 mgS aluminum sample pan®]]
FAsta 71 7+ A 54 3ufd) s|F et FF/HTE micro
syringeZ 7Fste] WS the 1A1ZF HAAZ F AJARE
A} 2 7] (Differential Scanning Calorimeter, DSC-7 series,
Perkin Elmer Co., Norwalk, CT, USA)E ©]&3}e] 10°C/
min®] 7}E&EERE 25°CHE 120°C7HA] 785t FE3A
S At o] FE peakZHE Perkin-Elmer Thermal
Analysis SoftwareZ #4]3}¢] T 8P7| Al % (onset), S84
2% (peak), TIIE T (AH)E T3t Foixl Tsfale
YZHE Wang & Sastry(1997)2] W (2] 2)& ©]&3t
33=E ALt

AHg
SG(%) = [1 - }x 100 @
raw

SG : Degree of starch gelatinization (%)

AHg; : Gelatinization enthalpy of sample (J/g)

AH,,, : Gelatinization enthalpy of raw material (J/g)
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Fig. 5. Effects of steeping time 6, 12, and 18 hr on hardness of
traditional and instant Injulmi at room temperature(a) and
cold storage(b).

: Instant Injulmi made by steeping waxy rice for 6 hr

: Instant Injulmi made by steeping waxy rice for 12 hr

: Instant Injulmi made by steeping waxy rice for 18 hr

: Traditional Injulmi made by steeping waxy rice for 6 hr

: Traditional Injulmi made by steeping waxy rice for 12 hr

: Traditional Injulmi made by steeping waxy rice for 18 hr
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ne] 2717k & WsE YEhlA 2yt bEA 27145
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AR £ 6, 12, 18 A7HY uf AFAHD 9
Z71E =45 Z42F 0.0288, 0.0179, 0.0471 hr'olAx =
AJAN 9 Z71&E44E 242 00591, 0.0217, 0.0633
hr'o]lth FY e FHAIZHNA S0 -H o] 271&5e4
T7F AU EG 2 3e UYERATH F3AI b
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Hu)9] 2745447 DAY e 38 YehY

Table 1. Effects of steeping time 6, 12, and 18 hr on hardness
rate constant of traditional and instant Injulmi at room
temperature and cold storage

Storage Making  Steeping Hardness rate R
method process  time(hr)  constant(hr)
6 0.0288 0.856
Traditional 12 0.0179 0.973
Room 18 0.0471 0.853
temperature 6 0.0591 0.923
Instant 12 0.0217 0.857
18 0.0633 0.914
6 0.1287 0.967
Traditional 12 0.1264 0.991
18 0.1164 0.857
Cold storage 6 0.1090 0929
Instant 12 0.1049 0.953
18 0.1138 0.910
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Fig. 6. Effects of steeping time 6, 12, and 18 hr on scanning
electron microphotograph of traditional and instant Injulmi
(x200).
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Fig. 7. Effects of steeping time 6, 12, and 18 hr on scanning
electron microphotograph of traditional and instant Injulmi
(x400).
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Table 2. Effects of steeping time 6, 12, and 18 hr on paste viscosity of waxy rice, freeze dried steeping waxy rice, traditional and
instant Injulmi

) Steeping Paste viscosity(cp)
Sample Drying time(hr) PV ) BV? FvY SV PT%(min)
Waxy rice Non 0 766 654 112 1411 757 6.62
6 1081 299 781 812 512 5.47
Non 12 1246 347 899 906 559 5.47
Steeped 18 1274 370 904 965 596 5.47
waxy rice 6 1503 319 1184 832 513 5.33
Freeze 12 1772 406 1366 1013 607 5.37
18 1873 392 1481 1002 610 533
6 234 24 210 281 258 2.31
Traditional Injulmi Freeze 12 317 148 170 395 247 2.47
18 220 23 197 248 225 2.22
6 307 88 219 343 255 4.33
Instant Freeze 12 266 67 199 315 248 433
18 192 61 131 287 226 2.60
DPeak viscosity.
PTrough viscosity.
*Breakdown viscosity.
YFinal viscosity.
Setback viscosity.
9Peak time.
O F7kek et 3 A FAAE £ AR A Foll FES] 38 Doyl el vekd Aol
IAE, AR, F2HAAE, ITAE, IEHE 59§ S4A-Y ] peak time2 T 1827+ A 9] F 2
Ho|AE FEX R+ B F7Mske A4S Jepldr 3 6, 12 AI7HY W 433 minS & 50°Co| A &7k

peak time> H3}7} $1%
Kim et al(1993)& o} 2 72) Zo| 9|3 a7l 2
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Table 3. Effects of steeping time 6, 12, and 18 hr on DSC data of waxy rice, freeze dried steeping waxy rice, traditional and instant

Injulmi
Sample Drying Steep(ll?rg) time G;litlmzanon temperature ]E S) AH/g) SG()"
0 p

Waxy rice Non 0 60.29 68.06 15.10 0.00

6 53.84 64.00 12.68 16.02

Non 12 54.67 . 63.50 11.88 21.30

Steeped 18 54.13 63.33 12.81 15.19

waxy rice 6 53.20 62.32 11.77 22.08

Freeze 12 53.55 62.99 11.79 2191

18 53.53 63.33 12.57 16.77

6 58.35 59.50 0.02 99.89

Traditional Injulmi Freeze 12 47.49 49.41 0.05 99.68

18 46.99 51.34 0.63 95.82

6 43.79 50.96 3.25 78.49

Instant Freeze 12 44.57 51.09 297 80.35

18 59.28 60.29 0.04 99.74

T, : Onset temperature.

>T,: Peak temperature.

YAH: Gelatinization enthalpy.

“SG: Degree of starch gelatinization.

(Muw) moyy Jeay

prreeens

e

pryrsireeE

[FESRNRNRY)

2Lk " . .
40 60 £0

Temperature (°C)

100 120 Cpmme ST

Fig. 8. DSC thermograms of waxy rice, steeped waxy rice(12 hr), traditional(12 hr) and instant(12 hr) Injulmi.

: Raw waxy rice
: Steeped waxy rice for 12 hr

...... : Traditional Injulmi made bv steeping waxy rice for 12 hr

=..m.m.  Instant Injulmi made bv steeping waxy rice for 12 hr
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Fig. 9. Effects of steeping time 6, 12, and 18 hr on water
solubility index(WSI) of traditional and instant Injulmi.
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Fig. 10. Effects of steeping time 6, 12, and 18 hr on water
absorption index(WAI) of traditional and instant Injulmi.
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