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Changes in Chemical Composition of glutinous rice during
steeping and Quality Properties of Yukwa
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This study was carried to investigate the changes in physical and chemical properties during preparation of Yukwa.
Protein content of glutinous rice was decreased during soaking time and acid and pH values were increased while
contents of lipid and ash were not changed. Particle size distribution showed thate average particle size of 7 days
soaking treatment smaller than those of 3 days and starch damage of glutinous rice flour was increased during
soaking time. The major flavor components after soaking were found ethyl ester acetic acid, ethanol, 2-butan -ol,
2-methyl 1-propanol, 1-butanol, 3-methyl 1-butanol and 1-pentanol, propanoic acid. Content of acetic acid and
butanoic acid were rapidly increased during soaking time. Results for ratio of storage modulus(G') and loss
modulus(G") in glutinous rice flour dough indicated tand was increased for a while and decreased as frequency
increased. G' value was very similar with G" value after steaming which means rubber-like property while G' and
G" value were changed after during storage time. Treatment at —20°C had the highest hardness for cutting degree
of dough. There was no difference in color value between different water contents. Hardness of Bandegi (sheet) was
decreased as water content increased and the highest popping value was obtained at 18% of water contents. Adding
3% soaked bean had higher redness value of Yukwa and lower value in yellowness.

Key words: glutinous rice, quality properties, steeping

A g AT A=, 29, T 59 o3 A =AM,

zed Fo] £INo FEATL SR, F T %

F2 el A AR fre FEE Bl £ 710 FEOM o Mo Al e s8R &

o AR B wdet Feold Bz S ¥ &L S Ag A0 etk B & $9 A A AR}

A F wEste] Ri71E WEe] 718l ®Ula 234 % ST s A S92 pHYt EL?ﬂ ATl st
g ofE 7] e S AARE S59 2AAF e A A Be SAEY Wb defvke A A

E AdE % AdAeR o daE T Ytk H 9 wirle] FRIEFE fAAF 240 R ASE

EoM =REe] Aewatel Uigh Mol AR Xad A o 9L F AoR doH ded A 508 AX¥FEY

Faukel 2ut Bk AR RS AT AVFE o W] 11-15%, o 72 2% Relrk ARl 3
20071 P 1000209 A SR Zow Ry Yk of f3je BselE SRl G B Ao AR,
F3 Az A R FAE fe) FAN AT 9 meld B dTeldE BEE R SR AT olste

g 71 AoE FuA e ABA PEoRE ¥E 4 ARdss wo/4dEe] gUAs ¥2d 542 3
94 grz, A2 ARG o 342 EE 2200 4 ASen, Ea wlvle pEgdn AkEe o9 3

E20 gyd g e ety 9nh @ S0 BE5 o FES4S SPE

*Corresponding author : Woo-Jung Kim, Depratment of Food Sci- XHE ::ltl Hol'l:lléll

ence and Technology, King Sejong University, Kunja-dong, Sung-

dong-gu, Seoul 133-747, Korea b=

Tel: 82-2-3408-3227 . ;

Fax: 82-2-497-8866 B Ao AR 2L 1998 B FAtollM pEe S
E-mail: kimwj@sejong.ac kr AEE AR e, B8 7 ]%% A HZ A LA

737



138 g FA|R A 33 d A 6.2 (2001)

D ALHAT, FEEF BAE NF ARFE 7Y
sl AHgSE

£rigo| EX|

4 100 g 500 mL AFzhgekaze] Wi 2#i(wive] 5
542 Arteled Z ambelE v 30°C #2714 10
ot 43 Tk £ F 24X 7eitk AIEE AF Y o

AET FHAS BEsiay Bjd G AEoA 2447
Azx3 & B3f7](cyclotec sample mill, model 1093, Teca-

tor, Sweden)Z 240 (80 mesh)3t 2 AFEEZ e, £
de TrE BAJe o]g3irt

Salel M=

$7H(Yukwa, oil puffed glutinous rice cake)2] A|Z=e A€
9 9] WAt UAnk AP AR W FE F
g3l Azsah FEE AFsk] 30°CY F2A0A 3L
7 %3 A7 & roller mill2 S284 stk o7 =
BEATE 7212} 3%SHwiw) 30%S-(wiw) Bol TEEEE 50%
2 3t HkEd ok 100°ColA 3087 SRR FAE
n=Eo HY7|E ol Bt d=E HeAr| & o
o 7| 7Z 25X 1X03cm 2719 diZ|E BHEY

<z

;

!

A 7AZAA PE film bagell D& - BASHA AR
Hit71e] A2 1200004 10~1527 ¥HR717t 1-15
vl AE B H5E 12 571 180°ColA 5~10x7 2%
54 Ao

sdsy &%

AP RS AOAC W0 o5t FREFFS 105°C)
A 2AZ Azsle] AF 595, 2uwde dwd AE
27} (Kjeltec Auto 1030 Analyzer, Tecator, Sweden)E A
3] semi micro Kjeldahgo® 243} g =AW
& SoxhletF&7]15 ARE3}o] ethyl eter® FE3t HF3I
om zIRL 600°C FHIFPoR A3t £
AeE 389 20mLE 01N NaOHE AHAT & HAR
mLFE %20 ® ISP omdd pHE pH meter(Coming
pH meter, model 240)2 =3 3HATH

AR N0 71 gEe] 2242 dynamic head space™ S
2 purge-trap system$l LSC 2000(Tekmer, USAYE AH8-3kd
2R3 & N EHd FRFAAE 58 F/l A=
purgingdt8A 7| E-E FE3%5L, o9 mount, bottom,
)

valve, line 5 7+ F829] L%+ 100°C2 831Ut Purging

el

Table 1. Changes in chemical composition(%) of glutinous rice
during steeping at 30°C

Steeping
period  Moisture  Protein  Lipid Ash  Carbohy-
drate
(day)
0 40.56 445 0.68 0.140 54.17
2 4295 4.05 0.63 0.113 5225
4 4325 345 0.61 0.155 5253
6 49.59 2.82 0.61 0.100 46.88
10 52.11 2.80 0.68 0.113 44.29
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Fig. 1. Changes in pH and acidity of glutinous rice during
steeping at 30°C.
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Fig. 2. Changes in starch damage of glutinous rice during
steeping at 30°C.
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Table 2. Particle size distribution of glutinous rice after
steeping at 30°C

Parameter Steeping period(days)
3 7
Diameter at 10% cumulation 5.07 um 298 um
Diameter at 50% cumulation 39.51 um 24.78 pm
Diameter at 90% cumulation 97.10 um 91.52 um
Mean diameter 46.72 um 37.46 um
Abundance 11138
1200000 |
100000 M8
5,52
7.27
800000 M%
600000
400000 ] me 38,32
22,51
200000 L | (b LLL 21.% L
16.77 k 40,81 50,58
8 '—Z- T -1y Ty |A T -ﬁl T
Tme 500 1000 1500 2000 2500 30.00 35 W A0 4500 5000 5500

Fig. 3. Total ion chromatogram of flavor compounds in
glutinous rice fluid soaking for 1 day at 30°C.

4.83: ethyl ester acetic acid, 5.62: ethanol, 7.27: 2-butanol, 9.17: 2-
methyl 1-propanol 11.35: 1-butanol, 14.16: 3-methyl 1-butanol
16.77: 1-pentanol, 21.99: propanoic acid, 22.52: 1-hexanol, 27.63:
acetic acid, 38.32: butanoic acid, 50.59: hexanoic acid

S/gwstel o] FAE5A 739

oo EAX
3] ¥lAx BEAL Texture Analyzer(TA-XT2, Stable
micro system LTD., UK)E AF8-3te] TPA(texture profile

Table 3. Changes in falvor compounds in glutinous rice fluid
during soaking at 30°C

Area (%)
Retention PP
Compound fume soaking time (day)
1 2 3
Ethyl ester acetic acid 4.83 10.68 3.65 4.01
Ethanol 5.62 19.90 1429 16.28
2-butanol 727 17.98 21.70 17.68
2-methyl 1-propanol 9.17 1.39 1.23 0.70
1-butanol 11.35 15.14 11.31 7.50
3-methyl 1-butanol 14.16 10.17 7.89 592
1-pentanol 16.77 0.34 023 -
Propanoic acid 21.99 0.93 2.40 2.73
1-hexanol 22.52 2.86 1.48 0.60
Acetic acid 27.63 13.67 18.56 2252
Butanoic acid 38.32 439 458 6.96
Hexanoic acid 50.59 0.19 022 0.24
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Fig. 4. Comparison of the storagd modulus(G') and loss
modulus(G") on the glutinous rice dough.

A: Glutinous rice flour: 50% H,0, steaming for 30 min at 100°C,
B: Glutinous rice flour: 50% H,0, steaming for 30 min at 100°C,
cooling for 30 min at RT, A : Elastic(storage) modulus [ :
Viscous(loss) modulus, <> : Algebraic sum of the changes in
sample length(sum total of increasing and decreasing length) since
the beginning of the test, O : Dynamic(complex) viscosity
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Table 4. Value of the storage modulus and loss modulus on the glutinous rice dough with 45% H,0

Treatment condition . » G" s
— — requency ' : & 9 (10°
Temp (°C) Steal(nu}g)mne COO(lmg ;lme (rad/s) (10° dyne/em?)  (10° dyne/cm?) tan-5 (107
min min

0.1 1.78 2.04 1.14 27.06

30 0 1.0 1.08 1.44 132 1.80

10.0 0.90 0.95 1.05 0.13

0.1 147 2.09 1.41 25.60

30 30 1.0 0.811 1.46 178 1.67

10.0 1.04 1.12 1.07 0.15

100

0.1 1.05 1.41 134 17.62

40 0 1.0 0.47 1.03 2.18 113

100 0.75 0.84 1.12 0.11

0.1 0.74 132 1.76 15.17

40 30 1.0 0.54 1.07 1.96 120

100 0.72 0.77 1.06 0.10

0.1 1.60 1.49 0.91 22.18

30 0 1.0 0.71 1.15 1.60 1.36

10.0 0.81 0.85 1.04 0.11

0.1 1.76 1.78 1.00 25.09

30 30 1.0 0.66 137 2.06 1.52

110 10.0 0.93 1.18 1.26 0.15
0.1 1.52 2.36 1.54 28.08

40 0 1.0 0.64 1.62 2.53 1.74

100 0.99 1.39 1.40 0.17

0.1 277 1.85 0.67 33.25

40 30 1.0 0.76 1.17 1.52 143

10.0 0.81 0.85 1.05 0.11

UElastic(storage) modulus
2Viscous(loss) modulus

»Algebraic sum of the changes in sample length(sum total of increasing and decreasing length) since the beginning of the test

“Dynamic(complex) viscosity
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Table 5. Value of the storage modulus and loss modulus on the glutinous rice dough with 50% H,0

Treatment condition E N N
T e requency G G" <3 ) (105
Tempecy ~ Steamingtime  Cooling time (radfs)  (10°dyne/em?)  (10° dynefcrr?) tan-3 Ao
(min) (min)
0.1 241 1.68 0.69 29.35
30 0 1.0 0.94 . L15 1.21 1.48
10.0 0.80 0.75 0.93 0.11
‘ 0.1 2.32 2.10 0.90 31.33
30 30 1.0 0.87 1.51 1.71 1.74
10.0 0.97 1.14 1.17 0.15
100 -
0.1 2.72 1.98 0.72 33.70
40 0 1.0 1.67 1.48 0.88 223
10.0 1.33 1.15 0.86 0.17
0.1 1.55 2.22 1.43 27.10
40 30 1.0 0.89 1.56 1.73 1.79
10.0 0.87 1.11 1.27 0.14
0.1 1.18 0.96 0.81 15.32
30 0 1.0 1.09 0.84 0.76 1.38
10.0 0.84 0.72 0.85 0.11
0.1 1.48 1.23 0.83 19.31
30 30 1.0 0.71 0.90 1.26 1.14
110 10.0 0.70 0.75 1.06 0.10
0.1 197 175 0.88 26,37
40 0 1.0 1.28 1.24 0.96 1.78
10.0 1.14 0.94 0.82 0.14
0.1 1.27 1.74 1.36 21.59
40 40 1.0 0.63 1.14 1.81 1.30
10.0 0.69 0.78 1.13 0.10
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Table 6. Value of the storage modulus and loss modulus on the glutinous ricedough with 55% H,0

Treatment condition - o G
. . requency ' " %) # (100
Temp ey Steemingtime - Coong fime (rads)  (10°dynclent) (I0°dynelon?) @V (109

min min

01 305 156 051 3435

30 0 10 122 095 078 155

100 1.02 0.83 082 013

01 188 1.34 0.70 215

30 30 10 093 0.83 0.89 125

0 100 0.70 0.6 0.94 0.96

01 323 137 042 3515

40 0 10 1.09 0.75 0.68 132

100 095 0.73 077 0.12

01 405 172 042 44,09

40 30 10 1.70 097 057 196

100 152 1.00 0.6 0.18

01 1.8 167 089 2521

30 0 10 051 090 175 1.04

100 0.70 0.74 1.06 0.10

01 123 123 1.00 1745

30 30 10 063 098 153 116

o 100 068 0.72 105 0.10

01 197 116 028 22.89

40 0 10 118 095 081 151

100 121 093 077 0.15

01 156 127 081 2015

40 40 10 0.74 094 127 120

100 071 0.70 098 0.10

D239 9refer to Table 5

HEH
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frequency”} A& AFRE AX|ske AFE BHo] wil7] A
Z A AL Jory FIREANS Ze ZoE AGEHIIM
wala] WMEEe] FEIFTS 50%2 100°CA 302 FAs}
o 3087 WZe Aelrt aFeh 2 Ado] 7P #ot
i) Az AEe AoE AgHJh T, Ao
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=33 HAx EAL Table 73 2t WEFHES 259 A
g WZINAES W AEE 2000 WAzl Aol 103~
25(9)E 7FF A 2RFHRNH 4209} 20°CH| A WZHAZ
AL FA % 68~82(g) AN 7T BAFUT 10°CollA
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Table 7. Textural characteristics of glutinous rice dough as affected by cooling temperature and time

) ) Textural parameter
Cooling temp. (°C) Time (min) - -
Hardness (g) Springiness Cohesiveness Chewiness

5 102.92¢ 0.73%2 0.56* 41.73¢

-20 10 158.20° 0.72 0.51° 59.22°

15 22470 0.72 0.49° 78.83*

5 68.42° 073" 0.5 2305

4 10 78.90° 0.72 0.49 26.16*

15 81.14° 0.72 0.5 28.37*

5 75.06° 0.75™ 0.60° 34.06°

10 10 101.00° 0.76 0.58" 4478

15 112.94¢ 0.76 0.58° 49.68"

5 72.42° 0.78 0.62™ 34.94°

20 10 73.70 0.77 0.62 35.13°

15 82.34 0.79 0.63 40.40°

DValues with different letters in a column are significantly different(p<0.05)

BNS: Not significant

Zpol7t & AR Hol WL Ry WzAZle] AR
£GP FE= A0 UE) AN W) A2E
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HH L Aol shd w7l SR HE 1?5«1 =3

27 9 stz JEFe FEE R ‘F—E-?: g2 5
F7+9] A3} A X (hardness) 2 IS8 S35 H(Table
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ok7b ZHASIAA T Aubdo g §atel 4 Wil veERA]

Table 8. Changes in color values, texture and expansion rate of
Yukwa prepared in different moisture content Bandegi

l"

Moisture content(%)

14 15 18

L 73.0 74.0 70.3
Col a -1.53 -1.73 -1.61
otor b 532 5.10 3.85
AE 2391 22.96 26.42

Hardness (g) 1213 1280 388
Expansion rate (mL)"” 13.1 14.02 17.6

Ymeasured by seed displacement

erskeh @ fbel AR RO 14%041 1,213 g0l
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Table 9. Changes in color values and texture of Yukwa as affected by addition of soked soybean”

Moisture (%)
14 15 16 17 18
L 723 66.2 71.2 69.8 67.0
Color a -2.19 -1.31 -2.38 -2.26 -1.95
b 9.79 3.05 9.54 7.44 5.05
AE 25.87 30.21 26.78 27.63 29.95
Hardness(g) 1434 772 684 625 315

YAdded 3% soybean, adjusted 50% in moisture content of dough
PMoisture content of Bandegi
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