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Added Rice Flour Gels
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Abstract

The degrees of retrogradation (DR) for 50% rice flour gels kept at 4°C and 20°C for the 6-day storage period
at 0.5, 1.0 and 2.0% (w/w, on dry weight basis) levels of lipid additives (sucrose fatty acid ester, SE1670;
soybean oil) were measured by c-amylase-iodine method, differential scanning calorimetry (DSC) and X-ray
diffractometry. The DRs were higher in rice flour gels stored at 4°C than those stored at 20°C. The sucrose
fatty acid ester and soybean oil reduced the retrogradation of rice flour gels, but the effect was higher in sam-
ples stored for 1 day. The DR decreased more effectively in the addition of SE1670 than that of soybean oil.
In case of SE1670, the change of enthalpy by DSC showed similar patterns with the degree of retrogradation
by o-amylase method; however, it was not the case for soybean oil. The intensity of peak at 20=16.7" in X-
ray diffraction pattern was reduced with lipid additives but it was not clear.

Key words: rice flour gel, retrogradation, sucrose fatty acid ester, soybean oil

AL Hde] A4S el glen 20% o)sh}
90% o)At W= A3t oAl AL we}
A el YA s 3o} 4 2 odedr
37 3}, Longtoni} LeGrys® 4, 21, 30°Coi| 4] =] A}

DAL AYAHE s E o AA2EA}
I A AR 7] A RH HAAo| Frlslgrta &
W 9L 50% et g A EAL v webgd e
dEA ZF A2 (@C0)elM o 2 w3le
ahodrh. -8 AR AR &) 4

ek W elol £317] ol 8 o

|o
N

oo £ 32 NG o
T
3
L

4 K

ML

2
£
als

Corresponding author: Mal-Shick Shin, Department of Food
and Nutrition, Chonnam National University, Kwangju 500-
757, Korea

Azl A AFLes
Bysfol stua A Fe]
AUk 1AM HIFEAS o] gt w3E odAls:
Aol AW gleh. B3] Aol AR BA
A, §8HA 52 obdZ o ) ol 2R3 K|
£ #Ast] k315 Ak g o ea) A
AL 23y w3pyh FvbEchn dedx glopel
Lagendijk®} Penning®&- o} & ¢ ~9] oln]z wE].S
2 F o F5e] f3kAE drlele] AgEy
S vl 2sllS u oUz o nol ojulg ] mE B
A S sty ot opd 2 o0 YAATI ] =
A vepstoha gt o]: 2wkl G Alebe] Byt
A AL Aake] aleAde], BX3LE, A HE
o] 24, A DAY Feol o) Faks e
FAE S AR B E3o] HIlE sl
L 2HT e x8} Pohfzt o staling S o A A]
711 F2-& 3kAFA|7ich 3 g} 23l Piercee} Walk-
e’ FAR L o 2E 25 Ao HrIgE w v}
HAZ Q2 E 23 Feel Aol vt 1)
2w HLBgte] 2 7% 2 A3} vty B w3t
st

A siAd WEAA

Sl shg] oje gol

oo o

5




306 AR A3 A] A 289 A 25 (1996)

SeEE R APelAE AI1RE o4 AEe
w5hg eAls] Al wobRel AR A of
2| Z(SE1670)9} 158 H7lrEg wejste] 50%
WAAFAE A2 A LUK AT
AR ool - SEHOR REES &
Yot 3 AAFALAS7] D XA 5471E o] §3ted

Bl arstsict.
Mz 3wy
HEME
1994 o) 313} el SRS FEAEA

A o] gz Apatsch

A7E 9| Fd|

Ae 2548 39 A3 B8 AAT F 40
(EAL ) E A3l 7R e A2l A F
g obg 4504 S SFHA A A RE ARSI 2
7120 AU B RE 11.45%, Bl 7.00%, 35
0.18%, ZA|HHA 0.20%, 2w 1.00%0]c}

W7 R AR 5t ATEE H[E

A2 L Tsuge 52 WPHE #3331 op2-3
7ol Azl ddHol 50% 275 A= (wiw)
3 a2 s AHME o A8 Z(SE1670, Misubishi-
Kasei Food Co., )¢} ) 5F-(HA}, =5 2715
ol sl ztzt 0.5, 1.0, 2.0% (wiw B712 AEch) s}
st fe|UE o] 43te] A E§’ b 95~100°C
ezl EEUA 3344177 3083 FAI F-

SEANM FEAZ A7EAS P vbsE &
7)ol ol A(20°C)F YAAC)ell A A A3 A A
52 AHgslge 331 WoR AlEe WaE AvkE
Aol g FE7} 80%7} HA - AE-S FA] 7t
st #17](M133/1281-0, ESGE, Switzerland) F
A3} A|7|HA G523k o] 71& Biichner 27 &
F9 At ohg FAsta vhslEte] 1004 AE
E3 7ok AR A7EEAE 1, 3, 6 ol Ao
33 47 5o g dpge® w8 AVER AR
£ uhE3h

a-OldzjotA-2 = e 0|83t =3tx £H

Tsuge 52| B g oy sl 7] FelFel &
24 35 mle) B A8 175 mgs 7hsla FA)
(M133/1281-0, ESGE, Switzerland)2 2%- 30x7F o
A 3}A)7] A7 BAb) 2.5 mid] 254 1.5ml, 0.1

M 2lAkebE-8-(pH 6.0, 0.3% NaCl) 1 miZ Y3, a-
oleto}bA(E.C3.2.1.1. type I-A from Bacillus
species, 1400 unit/mg solid, Sigma, U.S.A) £ 1 m/
(¢F 3.5 unityE 7}sle] 37°C 2420l 10E7) ¥b
2 A7tk 4 N NaOH 89 2.5 miZ 7}s}o] FA4 ubL
& AR A]7151 4N HCIZ pHE £ACZ 95 &
F42 718le] S0 miE whEgdch o] £ 1 migh 8=
SN (0.2% L-2% KI, wiv) 0.5 miE 9-8-2]7] § 25
5 7tsled 10 miz RSl 2087 Al-20ll 4] b
3 &, B335 A (8452A Hewlett-Packard, US.A)E
o]-gate] 625 nmollA] FAEE FAslo] =3t (DR,
degree of retrogradation}g th3 A 2 skt

o)¥ oo

f

DR(%) = [(b-c)/(a-c)] x 100

Folzl Aol at % w8t 7LR ¥ R,
b HARHEAZ F ws} 871T $HY FHE, ok
A3 pald 55 9717 2He) F

AlREFEAILE 2D (O] 2 =35t BH

Al9e) b o] &3le] Alge}t Eo] 1: 271 HAl
10mg AL dFvlEdel ¥ F Hosie] 3
ulx) 8} Al 2F%EAbed ek7) (PL DSC-700, Thermal Sci.,
UK)Z &Aslgich 7k 2L 24°CollA] 100°C7}HA|
10°C/mine| ™ referencet= 8 WL ARS3igc) 3t
A7V ARE 40°CellA] 70°C7ER] ] 2= 9ol A
S5zt ehgon o]2YE] 27]|2%(Ty), H=
LE(Te} FR2(T) E AL (AHYE 7319t

X-N 5|H7|§ 0|88 3l &Y

XA FAdEE XA 3A7)/(DMax1200, Rigaku
Co., Japan)g AMS-3te] 3|74 (20) 40~574A] 3|4
AlA FAstlen, 7171232 target, Cu-Ko; filter,
Ni; voltage, 40 kV; current, 20 mA; full scale range,
3000 cps; scanning speed, 8/min3} 7Egict. 7b A 29
XA AT S AR o 535 Aot nlasiel e
o 5] z9 x| e} AN LHEF SA3

Zin} 3 nE

F£AR2A X[ olAHZY IFF HIF AR
HMBAo| 35}

A2 9~ AuHAL o Ad| By A FE x|HkAlel
ol whz} HLBgto] deprs] HEe] ofdg e~ v}
AE o] 2577} Eolrlis mops] BEhA|

il
2



A7 EAL w3} 307

W
O
T

N
O
T

O -

0
O

A
(@]
T

Retrogradation degree (%)
(0%} e
@] @]

20+,

0 1 2 3 4 5 6 7
Storage time (day)

Fig. 1. Degree of retrogradation of rice flour gels dur-
ing 6-day storage period at different SE1670 levels
measured by o-amylase-iodine method -¥-, 0%; -A -,
0.5%; -m-, 1.0%; -@-, 2.0%
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Fig. 2. Degree of retrogradation of rice flour gels dur-
ing 6-day storage period at different soybean oil levels
measured by c-amylase-iodine method -w-, 0%:; -A-,
0.5%; -m-, 1.0%; -@-. 2.0%
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Fig. 3. Influence of lipid additives levels on the re-
trogradation of rice flour gels stored at 20°C -@-, stored
for 1 day; -A-, stored for 3 days; -B-, stored for 6 days
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Table 1. DSC characteristics of retrograded rice flour
of 3 day stored gels with different SE1670 levels

Storage SE1670 Melting endotherm

temp.  level T, T, T," T AH®
(O ®# 0y (O (0 (O (alg)

0 39.24 4236 5330 60.14 087
0.5 4414 5181 6335 7262 0.69

20 1.0 43.72 5243 6107 66.18 0.78
2.0 4545 5277 592 6206 057
0 38.18 4530 5032 5783 099
4 0.5 4175 5405 6500 6156 098

1.0 4726 5297 61.00 6294 Q.75
20 46.12 5243 6787 6896 0.70

YOnset temperature

YFirst peak temperature
¥Second peak temperature
“Conclusion temperature
“Enthalpy of endotherm

Table 2. DSC characteristics of retrograded rice flour
of 3 days stored gels with different soybean oil levels

Storage Soybean oil Melting enthotherm

level T.”
temp. eve . 2
© @ T 1w (9
(0 (O (O (calp
0 39.24 4236 5330 60.14 087
20 0.5 44.82 4875 6177 6359 084

1.0 4726 54.05 6274 66.66 0.69
2.0 46.90 52.85 6735 6896 0.72

0 38.18 4530 5032 57.83 0.99
0.5 4472 58.06 66.66 68.12 0.54
4 1.0 4795 5793 68.00 71.85 0.78
2.0 47.16 52.56 70.00 73.44 1.09

YOnset temperature

PFirst peak temperature
?Second peak temperature
“Conclusion temperature
“Enthalpy of endotherm
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Fig. 4. X-ray diffractograms of retrograded rice flour
of 3 day stored gels with different SE1670 and soy-
bean oil levels at 4°C and 20°C A, gelatinized; B, 2.0%;
C, 1.0%; D, 0.5%; E, 0%; F, native

Table 3. Relative degree of retrogradation of rice
flour gels stored for 3 days by different measuring
methods

Relative DR (%)"

Lipid  Storage Content

additives temp (°C) (%) - DSC X-ray
Amylase dif-
0.5 99.1 79.3 833
20 1.0 90.4 89.7 733

SE 2.0 50.2 65.6 0
1670 0.5 97.1 99.0 70.0
4 1.0 95.0 75.8 58.3

2.0 77.5 70.7 0
0.5 96.7 96.6 76.7
20 1.0 98.5 79.3 73.3
Soybean 2.0 964 828 783
oil 0.5 93.1 54.5 88.3
4 1.0 90.3 78.8 85.0
2.0 102.1 1101 88.3

DR of rice flour gels with additives
DR of rice flour gels without additives
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