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Effect of Long-Term Steeping and Enzyme Treatment
of Glutinous Rice on Yukwa Characteristics
—1II. Physicochemical Characteristics of Enzyme-treated Glutinous Rice Flour —

Kyung-Hee Sohn and Jin Park

Department Food and Nutrition, Yonsei University

Abstract

Enzyme-treated glutinous rice flour, which was developed to shorten or skip a steeping process during the
preparation of Yukwa, was analyzed for its physicochemical characteristics and compared with glutinous rice
flour made by 28-day-steeping method. Total sugar content of the 28-day-steeped flour was the highest
among all groups, on the other hand, the reducing sugar content was higher in enzyme-treated glutinous rice
flour. The viscosity of enzyme-treated flours was significantly lower than that of the 28-day-steeped and
particularly showed the lowest value at 65°C. The contents of Ca® and Mg™ in enzyme-treated glutinous rice
flours were higher than those of the 28-day-steeped group, however, the content of P* was lower. Free sugar
detected in glutinous rice flour prepared from 28-day-steeping method was glucose only, but enzyme-treated
flours contained maltose and glucose, and the content of total free sugar was much higher than that of the 28-
day-steeped group. In microscopic structure, both 28-day-steeped and enzyme-treated flours showed the
particle size decreased and porous surface on some part of the flour granule.
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amylase= Bacillus sp.ol| 4], glucoamylaset= Rhizopus
moldol| A F&3 Ao, 74zte] &AL 20.8 units/
mg protein, 320 units/mg proteino]t}.
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Table 1. Operation Condition of HPLC for Analysis
of Free Sugar in Glutinous Rice Flour

Mobile phase : Milli-Q-water

Column : Sugar-Pack Column
(6.5X300 mm waters, U.S.A.)

Flow rate : 0.6 mi/min

Detector : RI(x 4)(Waters410, U.S.A))

HPLC system : 600E(Waters, U.S.A.)
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Predigestion: Sample 5 g+Conc NO; 10 m/ I

l
| Ashing (from 100°C to 225°C: 25°C/30 min) |
!
[ Add Conc. H:0; 10m! |
|
| Whitening (from 100°C to 225°C: 25°C/30 min)—|
l
| Add HO: HOR:1) 1000 |
l

l?a.mple: 50 m! volumetric ﬂaskgl

]

K Sample Ca, Mg Sample
5 ml sam 1:31% ml H,0 10 m/ sample+10 m! Lacl+
p : 30 m/ H,0
l
Na Sample
K sample 50u] 34

Fig. 1. Flow Diagram of Preparation Procedure for
Analysis of Mineral Compounds.
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Table 2. Sugar content of enzyme-treated Glutinous

Rice Flour (Unit: mg/g dry matter)
Sample Treatment Total . Reducing

sugar sugar
Control 28 days steeping 170.3* 67.2°
St pH 6.5—pH 3.5 155.4° 89.7°
S2 pH 7.5—pH 4.5 139.4° 90.2°
S3 pH 6.5—pH 4.5 130.6" 98.8*
S4 pH 7.5—pH 3.5 167.1° 70.2°
S5 45°C 152.4° 75.3°
S6 55°C 141.2° 74.2¢
S7 65°C 133.6° 94.1°

*"Means with different letters in a same column are sig-
nificantly different (p<0.05).
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Table 3. Viscosity of enzyme-treated Glutinous Rice
Flour

Viscosity

Sample Treatment (.p./40°C)
Control 28 days steeping 45.7°
S1 pH 6.5—pH 3.5 33.4°
S2 pH 7.5—pH 4.5 34.3°
S3 pH 6.5—pH 4.5 39.5°
S4 pH 7.5—pH 3.5 34.6°
S5 45°C 35.5°
S6 55°C 34.3°
S7 65°C 30.6°

*“Means with different letters in a same column are
nificantly different (p <0.05).

sig-

Bl FaAel AfolA 28U7t 37 ARl H]
§ e £AF B AN ST PETHRAA
A3} of w7l = Cat, Mg™ & vl F40) &
o] £ o 2A dodg & 5 vk vk &
2Ae Alget A7 FAAA S ] 95
o] F7keh= Zleg Az

. fElet st
oA AHATe} 2847 SANA Az

Table 4. Ca, Mg, Na and P content of enzyme-treated Glutinous Rice Flour

o A

7122 feld gukS nlwg ZAd= Table 59
el gt} Glucose, fructose, sucrose, maltose®] 47}
A E AR, 2847 A A2 IR A=
glucoseto] Z1ZE g0} EAA 2] A Rl vl ¢
wobr}. wbm, E432] Al gedlAE glucoseZ} ok 7
Z259) 3 o]9]e]| maltoser} A% ZHEFHGh E4H]
2| A59] Efeld ek 2847 AR AT
o vl =% =74 velt=dl 53], pH 7.5—pH 4.5
2]l A 17,660 mghz 7} Eodth olei’t A5}
= 3 AR A EE feFoE Hx|r)gke] 4
AAFE 90% ©|4e] glucose HFeHR FExft
maltose= 223 A= 0] sucrosew 3 27|l A
3o A 1d o] Fell= A& A @kl By
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el g del3le] Axg faxe] ErFEe] oA
FZZ AR} 877 (Scanning Electron Microscope,
$-2700, Hitachi).>2 5,000 geislod 7}2¢] qlx13
2 223 A3= Fig 29 2} 3 24709 33
71 dAE ohE AP A B vls] sERle] vl x
glzke] &Abo] Al ot 28Ut FRIAIA A= F

(unit: mg%)

Sample Treatment Ca Mg Na P

c ! 2 hours steeping 56.2° 28.9° 24.5° 23.2°
ontro 28 days stecping 15.3¢ 10.3' 9.8° 15.7°
S1 pH 6.5—pH 3.5 27.5¢ 13.2¢ 14.8° 13.0°¢
S2 pH 7.5—pH 4.5 26.3% 14.5% 19.7 11.0¢
S3 pH 6.5-pH 4.5 26.3% 18.2° 23.0° 11.78
S4 pH 7.5—pH 3.5 36.2° 15.1¢ 14.1 11.2#
S5 45°C 25.0¢ 16.0™ 9.9° 14.2%*
S6 55°C 18.8 15.2¢ 10.5° 14.8
S7 65°C 33.8% 15.6* 10.8° 13.6*

“EMeans with different letters in a same column are significantly different (p<0.05).

Table 5. Free sugar content of enzyme-treated Glutinous Rice Flour

(Unit: rag%)

Sample Treatment Glucose Fructose Maltose Sucrose Total
Control 28 days steeping 1,560 nd.' nd. n.d. 1,560
S1 pH 6.5—pH 3.5 12,370 n.d. 560 n.d. 12,930
S2 pH 7.5—pH 4.5 16,400 n.d. 1,260 n.d. 17,660
S3 pH 6.5—pH 4.5 13,020 n.d. 860 n.d. 13,880
S4 pH 7.5—pH 3.5 12,190 n.d. 650 n.d. 12,840
S5 45°C 12,050 n.d. 210 n.d. 12,260
S6 55°C 10,430 n.d. 190 n.d. 10,620
S7 65°C 8,440 n.d. 100 n.d. 8,540
n.d.: not detected.
=tz 38k A] A 1449 A 3 3.(1998) -228~
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Fig. 2-3. pH 6.5—pH 3.5 (S1). Fig. 2-6. pH 7.5—pH 3.5 (S4).

Fig. 2. Microscopic Appearance of enzyme-treated Glutinous Rice Flour.
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