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Suppression Effect of Maltitol on Retrogradation of Korean
Rice Cake(Karedduk)
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Dept. of Food Sci. & Nutri., University of Ulsan, Ulsan 680-749, Korea

Abstract

This study was conducted to elucidate the functions of maltitol influencing retrogradation of starch and
coagulation of Karedduk. The cooking conditions for Karedduk preparation were determined 25% water
addition to rice flour, 10 hours of soaking time, 20 minutes of cooking and steaming time after prelim-
inary experiments. It was found that maltito]l exerts an influence on the texture change of Karedduk and
that this texture change ends up suppressing retrogradation of Karedduk. Degree of color change of
Karedduk with maltitol was shown to be lower than that of Karedduk without maltitol, so maltito] was
estimated to influence the shelf life and organoleptic stability of Karedduk. Maltitol was observed to be
highly effective at cold storage. According to the DSC analysis, the value of enthalpy in case of cold
storage was revealed to be higher than at room temperature and increase with storage time. In sensory
examination, maltitol brought forth a sensory change and this change resulted to suppressing retrogra-
dation of Karedduk. In short, maltitol was concluded to exert a great influence on retrogradation of

Karedduk.
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Rice
!

Soaking for 10 hrs.
)

Drain for 1 hrs.

!
Roll milling
!
Adding food material
l
Adding 25% warm water
!
Steaming for 20min.
!
Extrusion moulding
Fig. 1. Procedure of Karedduk preparation
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AAZE Y A8l Z3AHY e 9tE
AG71(EoR, FHE ol8sld dAT MEA
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Fig. 2. Typical texture profile analysis curve
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Fig. 3. Sensory charateristics of Karedduk formulated
with various amounts of water addition (stored for 4 days
at 25°C)
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Fig. 4. Sensory charateristics of Karedduk applied various
temperatures of water to rice flour (stored for 4 days at
25°C)
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Fig. 5. Sensory charateristics of Karedduk applied various
soaking times for swelling (stored for 4 days at 25°C)
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Fig. 6. Sensory charateristics of Karedduk applied various
steaming times of mixture (stored for 4 days at 25°C)
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Fig. 7. Texture characteristics Karedduk applied various
soaking times for swelling (stored for 4 days at 25°C)
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Fig. 8. Texture characteristics Karedduk applied various
steaming times of mixture (stored for 4 days at 25°C)
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(4, D2/D1), cohesiveness (3-HA, A2Al), gum-
miness (74, HIXA2/AL), chewiness(A3A, H1X
DUDIXAYADE 71712 245 BAEMS T
Duncan’s multiple range test2 %3t} Table 1
2 deedA MR riEe 23E Jepd Aol
ot} 4 A3 (hardness)®) A$-= REajed &
e e AEAY AFY A4FH] 23,
TRV GE felE A7eR AzEe] A= &
Aol £ A7ddA SEES HME A Ay
< A5, A7)0 e E AAFHe 2 7t

2814t 53] 10% A7 AzAe #avt o F
g3lgon LEES HAHEIA ¥ g e A
717bel we} AF717ke] A4S a2z e
o] F7tgE JtEe ksl Rl FIE
T YAAAFEO)F e E e H$(Table 2)°]
= A2AR0250)Y B4R} Ak e AxA
o] F7b7t Zow, BEjEY it gesE A
249 /b7t AAHEATY. AuRY FUHEE 4|
T B o A HElEY dAEA B3F
ANED A wL A4S JeERRUT B3 237

Table 1. Mechanical characteristics of the Karedduk formulated with different concentrations of maltitol through storage

at 25°C ‘
Texture parameter Storage time Maltitol addition (%)
(hour) 0 1 2 5 10
3 *12.81° “11.80° *10.40° *13.88° *10.31°
24 Y34.20° ¥30.12° 121.54° *19.17° 718.08*
Hardness 48 ¥39.83° 3920 36.26" ¥28.89° *26.34°
72 4535 ‘42,99 *40.35° "36.11° #37.13°
96 ’55.21° '45.17° ¥4345° *45.64" “41.02°
3 0.87" 0.94° *0.91° Y0.85° 0.94¢
24 0.83" 0.81° 0.84" 0.83° 0.8%°
Cohesiveness 48 0.57 70.69° “0.79° Y0.81° ¥0.82°
72 047 Y0.60° ¥0.65" 0.75° 0.75°
96 *0.36" *0.49" *0.53° *0.64° *0.69°
3 ¥4.62" *437° 4.61° 462 4.54"
24 254 2.01° ¥2.80° “3.89" ¥3.84°
Springness . b . he b .
48 2.25 ’1.58 72,48 ¥2.20 ¥2.82
72 '1.85° 146 *1.27° ¥1.70° *2.61°
3 11.14° 11.09° 1173 11.30° 11110
24 ¥20.00° ¥20.10° Y14.80° ¥15.95° 15.41°
Gumminess 48 120.42 ¥20.15° ¥18.68° “17.21° Y15.80°
72 ¥22.36° ¥21.59° 2065 ¥18.08° ‘1724
96 *28.98" *25,25% 22.95° 221.08" ’19.25°
3 *78.30° “75.45° *75.95" “74.02° *76.65"
24 67.38" *66.47° “74.58° 6775 *71.96°
Chewiness 48 ’52.90" *51.98° ’64.73" “56.42° %5.54°
72 3375 Y3552 ¥34.83° Y30.54° 135,85
96 *11.59" 2625 *31.18° *23,79° *29.64°

Numericals having same shoulder letter are not significantly different at p<0.05
*a, b, c and mean Duncan’s multiple range test for the amount of maltitol added

*X, y, z and w mean Duncan’s multiple range test for storage time
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Table 2. Mechanical characteristics of the Karedduk formulated with different concentrations of maltitol through storage

at 4°C
Texture parameter Storage time Maltitol addition (%)
(hour) 0 2 5 10
3 1412 *13.84" *13.64* ¥14.65° *14.98°
u T agsa '37,65° Y36.54% '34,98° ¥30.25°
Hardness 48 ‘4525 *50.54° 42,86 “58.47° 38 46"
72 *59.21° *68.69° ’53.84° 64.25° ’52.78"
96 *78.65" *718.64" 64.73" *74.98" *60.28°
3 ¥0.88" *0.91° *0.85" *0.89" 0.97°
24 0.71° 075" 0.70° 0.77° 0.86°
Cohesiveness 48 ¥0.50° 0.44° 70.51 ¥0.60° Y0.64°
72 Y0.44" Y0.40° 70.48" 0.46° Y0.57°
9 0.22° 0.21° 014" 0.22° 0.37°
3 4,54 450" 442 410" “4.05°
24 1,65 ’1.60" “201° 2.05° ¥2.25°
Springness 48 ’1.15° ’1.10° 1.54° 2.01° 202
72 ’1.05° ’1.04° 1.24° ’1.08° 1.21°
% 0.74° 0.84° "1.16° *0.54° “1.01°
3 *10.00° *10.87° *10.78° *10.54° *10.25°
24 911,59 ¥12.35° “13.00" 14.65° 915.38°
Gumminess 48 ’17.25* 19.25™ '18.56° 17.20° *20.54°
72 24.43" 23.25° ’19.12° 20,65 21.35%
9% ¥25.21° 2507 2117 21.57* *23.94"
3 *72.58" *“74.08° “17.27 “77.58° “718.54°
24 *71.05° *70.71° ‘68.64° *170.81" *69.75°
Chewiness 48 *67.20° ‘60.25° '65.28° *66.64° ’56.65"
72 ¥28.75° 3621 ¥56.97° Y5414 Y47 80"
96 *12.59° *13.25° 2872 21.21° "20.64°

Numericals having same shoulder letter are not significantly different at p<0.05
*a, b, c and mean Duncan's multiple range test for the amount of maltitol added

* X, y, z and w mean Duncan’s multiple range test for storage time
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Table 3. Changes in the colorimeter parameter of Karedduk stored at 4°C and 25°C for 4 days.

Sosgeperiod ¢ Maltitol addition
(day) emp  Colorvalue Maltitol Mealtitol Maltitol Maltitol
1% 2% 5% 10%
L* 86.4 86.5 87.2 87.7 89.7
25°C a* 04 04 04 0.4 0.4
0 day b 8.67 9.33 9.64 9.92 10.12
L* 86.5 87.0 87.6 87.8 88.7
aC a* 0.7 07 07 06 08
b* 8.90 9.22 9.53 9.71 1036
L* 824 83.2 83.8 84.3 84.3
25°C a* 03 03 02 02 02
| days b* 1078 1088 1025 1094 1125
L* 84.5 84.7 84.1 85.9 86.2
4 a* 07 0.7 06 03 05
b* 1123 1103~ 1036 10.29 11.04
L* 826 83.1 83.4 83.0 849
25°C a* ~02 02 02 -0.1 0.1
b 1110 1167 1048 1088 1121
2 days L* 83.3 83.0 83.1 84.9 84.9
ac a* -02 -03 0.1 0.1 0.1
b* 12.02 12.56 1095 1158 12.58
L 828 819 82.5 83.7 84.7
25°C a* 0.1 0.1 0.1 02 0.1
b* 13.02 13.04 1341 11.21 12.81
3 days L 826 83.0 83.8 84.9 84.9
ac a* -04 -03 -03 0.1 0.1
b* 1234 13.29 1372 13.74 1453
L* 820 81.9 81.8 81.3 847
25°C a* 0.6 0.4 04 04 0.4
4 days b* 12.62 12.93 13.56 12.48 14.98
L* 822 83.9 83.6 825 82.8
ac a* 056 -03 -03 -03 03
b* 12.64 13.16 13.61 14.45 14.66

L*: lightness, a*: redness, b*: yellowness
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dojupar o] FholFE 2 A|2Ele] sl
B2 JFg wg zle® AztEd. A4 e A
A e -5 vwad A2A ] A9t AL
o] 398t} enthalpy’t ¥ 202 YePgch 7}
HPE ] enthalpy7t BAIH, A2AZA] F7he Fe
AR7)7bo] AHE ALYFE HEEAE] A
Asste =stddo] o Al dojur] ol
th o AL JME F &% amylosedl 2J8) o]
FojX) ¥ amylopectin®] ZA¥sld AEAL] cry-
stalinity’} A4 & AEH R A3 HPPL 9
o gt 22u maliitolS H7FHA o]Zto] HE-9
amylose complex ¥A-& A A3}, Maltitol H718E
I Aol sate F AGEA AEER] Ay
e ke FGoNA rlEHe AEEAUAE Al
o 71oJE°] complex¥/3-& 33, amylose %
amylopectin®] d¥-¢k AN AREEAES
amylose-amylopectin complex”t A Eo] FAAF
£ WalEy] HEeE AlREY. Yubios 2
antiplasticizer® 2Hg-3t] AL matrix®] 20|
2EE ¢ & 28R &4 F3 71 %3
Hol2xe AR AFES W AHE 7H4
oA =ol Ao x3E AAFT st=tlJang et
al., 2001 ; BA7, 1996) LEIES] A= Hl&%

Table 4. DSC properties of retrograded rice cakes stored at 25°C

(unit: enthalpy, Ah (J/g))

Storage period 0 day 1 day 2 days 3 days 4 days
(day) 25°C 4C 25°C 4°C 25°C 4°C 25°C 4°C 25°C 4°C
0 21.31 24.81 2205 2522 2243 2583 22.68 26.14 24.00 27.22
. 1 2112 2432 2188 2462 2177 2491 22.45 25.32 22.66 27.03
ada?;:::(&;) 2 21.09 2394 2163 2410 2165 2420 2231 24.61 22.55 26.44
5 20.88 2315 2134 2352 2145 23.52 22.05 24.30 22.09 26.31
10 2067 22777 2109 2283 2111 23.15 21.66 24.13 22.04 25.90
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Table 5. Sensory characteristics of the Karedduk formulated with different concentrations of maltitol and then, stored

at 25°C for 4 days

Storage time Maititol addition (%)

Sensory parameter (hour) 0 > . 0
0 22500 *2.000° *1.583° 1417 *1.250°
Hardness 24 ¥6.000° Y5.750" ¥4,583° ¥3.750° 2583
48 6.667° *6.500° “5.750" ¥3750° ™3 750"
72 6917 6.750° ¥6.333° 5417° 4,500
0 2,083 1.833° *1.500° *1.250° *1.250"
Moistriess 24 '6.083" Y6.000° Y4, 500° ¥3.500 2417
48 Y6.750¢ Y6.667° ¥5.667° ¥3.583° 3 583"
72 6.667" 76.583° 6.167° ’4.833" 4 333"
0 *1.833° 1.750° *1.583" *1.250 *1.250°
Cohesi 24 76.083" ¥5750" Y4417 ¥3,500° 2167
ohestveness 48 Y6.833° Y6.500° ¥5.583" 3417 3250
72 6917 '6.833" Y6.250° 5,000 ¥4.333"
0 *1.917* *1.750° *1.750° 1667 1,667
Aft Howi 24 Y6.083° Y5.750° 4250 3,833 2417
er swallowing 48 ¥6.667° 26.667° ¥5.750" ¥4.500" 3 833
72 ”7.000° *7.000° 6.917° 6,667 6.583"
0 *2.250" *1.750™ *1.667% *1.833* *1.500"
. 24 6.617 Y6.000° '4.583° 3.667" ¥2.333°
Overall acceptability 48 6,583 %6.500° 5.417° 3 667" 3 500"
72 Y6.833" 6.833" 6417 5917 ¥5 833"
0 *2.750™ 3.167" '3 000" *2.583" 3417°
Col 24 73 583" w3 250® 2917 *2.833 *3.417"
olor 48 Y4.000" ¥4.250° ¥3.750° ¥3750° *3.920"
72 5417% ”5.500 ’5.583" “4.750° ¥5.083"
0 *3.250° *3.333° 3417 3417 *3.250°
Hla 24 *3,833° *3.667" *3 500" *3,333" 3167
vor 48 ¥4.833" X4.667" Y4500 Y3917 %4.250°
72 6.083" Y6.000" 6.167° ¥6.167" 6.167°

Numericals having same shoulder letter are not significantly different at p<0.05
*a, b, ¢ and mean Duncan's multiple range test for the amount of maltitol added

*x, v, z and w mean Duncan's multiple range test for storage time

gl o3 =3 JAlge Ao Azdrh

Maltitol2| Z7 [of] [HE XZH S2| 7R 2hs Ha}

YEIEY| At 2l sefHel e 2
IR Table 59 “ERt ok Aol A4 71
m o} 714 (hardness)S LEIES] FH7le} FARIO|
ANHeg Fristded dzre vind o 2E
B8 A Aot "4 A2 gd veErislch &
ZE|E HUte] Aee dx27et vud o {9
Q zolg JeplUTH AEHOE TEHEL Bl
ANMETE 2312 fAst9en k3t dAEe
Reg velgth. AR7|7ke] gl we Al
Ae F7IERAT FEES FA7ie o vhm e

e FAlEe ZAoE A WAA(Table
6)2] Ao AAE7 A3Ael A JEIRS
U ZEIES Hriehe A o 3ol gadhe A
£ yvehlidth B4 (moistnessyS Al-2olA A3
3 g A AFE e o 52 #E
i ot A7r|zke] Frrekel wE AAE] A
stk el HElE JA7MEE FURFC weE
BeAy Azl ZasEdch WA 7=1Ed 4
$olle g e AzFFods A F4HQ Aol
& YepiA ggtout A% 19ARE 10% A7
30, 1, 2, 5% H7REA H294-& YeRIUH

22 A (cohesiveness)} A X FRE 5% H7ISH
7FiE 10% 718 7t "ol fo4de Jeh
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Table 6. Sensory characteristics of the Karedduk formulated with different concentrations of maltitol at 4°C for 4 days

o .
Sensory parameter Storage time

Maltitol addition (%)

(hour) 0 1 2 5 10

0 *4.658° *4.000° "4 843° *3.417 *3 250

Hardness 24 ¥7.000° 76,258 ¥6.504" v6.242° ’5.583°
§ 48 ¥7.000° *7.000° “7.000° '6.215" ¥26 350"

72 ¥7.000" 7,000 “7.000° ’6.010* 6500

0 *3.184° *3.585" *3.500" *3.681° *3 382"

Moistnes 24 76.545° 6.440¢ ¥5.525" ¥5.480 Y4 434
o1stness 48 Y6 688° Y6357 Y5970 Y5768 ’5.564°

72 6,945 Y6253 6612° ’6.833 5,979

0 *4.833¢ *4.795° 3.384" *3 6420 *2.543"

Cohesiveness 24 '6.257° ¥6.750° 4417 3905 *3.157°
48 “7.000° *7.000° 25 583" ’4.970" v4.852"

72 “7.000° “7.000° #6.250" *5.000° Y4.849°

0 *3.645" *3.548" *3.050" *3.667° *3.104*

. 24 ¥7.000° ¥7.000° ¥6.345" ¥6.281° 4921°

After swallowing 48 ¥7.000° ¥7.000° 96,548" %6.500" ¥5,562°
72 ¥7.000° ¥7.000° “7.000° 7 000° “6.583"

0 *3.458% 3.975° *3.942° *3.082° *2.782"

o o 24 Y5 254 '5.684° ¥6.381° 4,258 '3 053"
verall acceptability 48 v5.354" 76,257 %6.085° ¥5.250 3.270"
72 ¥5.854° ¥6.980" ¥6.648" ¥5.879° “5.833"

0 *2.849° *3.354° *3.082" 2.504° 2557

Color 24 3657 *3.085" Y3548 *2.810° *2.607°

48 4.215° Y4843 ¥3.720° 3.041° *3 080"

72 ¥5.946" ¥5.324° 4.514" '4.040° Y4,005°

0 *3.673° *3.354% *3 2407 *2.852" *2.250*

H 24 *4.364° *3.684™ *3.615™ *3.278% *3.167"

avor 48 *4,.833° ¥4.248" v4.555% *3377% *3 250°

72 Y5256 6,672 5 055™ Y6.085" Y4.952"

Numericals having same shoulder letter are not significantly different at p<0.05
*a, b, c and mean Duncan’s multiple range test for the amount of maltitol added
*X, y, z and w mean Duncan’s multiple range test for storage time
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