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Effect of Oligosaccharides on Retrogradation of Sulgidduk

Young-A Kim', Hye-Ryoun Shim' and Jeonghae Rho?'

[Dept. of Food and Nutrition, Inha University, Incheon 402-751, Korea
’Korea Culinary Science Institute, Seongnam 463-776, Korea

ABSTRACT

The effects of four different oligosaccharides with 2, 4, 6% (w/w) (fructo-oligosaccharide, xylo-oligosaccharide, chito-oligo-
saccharide and soybean-oligosaccharide) on gelatinization and retrogradation of sulgidduks (Korean rice cake) were examined.
The amylograph results of rice flour showed that chito-oligosaccharide hastened gelatinization, and delayed retrogradation. Blue
value results of chito-oligosaccharide added sulgidduks showed retarded retrogradation during storage (1, 2 and 3 days). Chito-
oligosaccharide and xylo-oligosaccharide added sulgidduks showed significantly lower hardness during storage. Lightness (L)
decreased and redness (a) and yellowness (b) increased with increasing oligosaccharide amounts. In the sensory evaluation of
sulgidduks, color of fructo-oligosaccharide added sulgidduks obtained the highest score among oligosaccharide added sulgidduks.
During storage, xylo-oligosaccharide and fructo-oligosaccharide added sulgidduks had higher flavor, taste, graininess and overall
quality scores than the control. Physicochemical tests showed that chito-oligosaccharide retarded retrogradation, whereas chito-
oligosaccharide-added sulgidduks had low scores in sensory tests due to aftertaste of chito-oligosaccharide. To improve the sensory
quality of chito-oligosaccharide added sulgidduks, mixtures of chito-oligosaccharide with xylo-oligosaccharide and fructo-
oligosaccharide were applied at ratios of 3%:3%, 2%:4% and 1%:5%, respectively. The addition of chito-oligosaccharide and
xylo-oligosaccharide at ratios of 2%:4% and 1%:5% to sulgidduks showed relatively high scores in the sensory evaluation

retarding retrogradation.
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ot 2Fo] Aoy} Bta A etAl7|= EAlF o] Tk Al
H 23R (Fu Z et al 2015; Lee SK & Shin MS 1994; Kum
JS et al 1996), F-3HAl|(Park BJ et al 2005; Moon SH et al
1996), Q12|12 714 Bl E(Kweon MR et al 1994) 55 A&
A7VE A W Sl 7N Ag, ofERE e Ey ol 2
7 BE3AE FAAY 78l (Yao Y er al, 2003)H 2
24 AR w3} A HE A7 s gtk 2L
AEZ ke 219 d% "<l 7FeE(Park YK ef al 2011;
Kim SS & Chung HY 2012; Kim SS & Chung HY 2007; Son
HS et al 1997; Song JC 2002; Park JW et al 2003; Shin WC
et al 2006), WA 7](Oh MH et al 2010; You JN & Kim YA
2001; Choi YS & Kim YA 1992; Kim MH 1998; You N &
Kim YA 2001), S¥(Nam TH ef al 2002; Shin EH & Lee JK
2004; Kang BS et al 2006; Lee EA & Woo KIJ 2001), <17 1]
(Cho TO et al 2006; Kim JO & Shin MS 2000; Lee MK et
al 1990) 5| =35 AAste] He| A4S A7 At
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(Gujral HS et al 2003)2] 24| ¥ (Satrapai S & Suphantharika
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1. M2 % A7Y A=

1) M=

2(F7m], 7] AF)S A
AL, RS ANFH(FHALAD), 25E 7HAAAD, 9
= 88% o= AHgsisith A7|Hel Hrke e &
Y5 A8-819] o, TEES2] 1% (fructo-oligosaccharide,
E A 2, A-g), 7] E=22] 2L (chito-oligosaccharide, @71
SHko] 2, A8, AHd 2-&2] 11 (xylo-oligosaccharide, FB.P.I,
A1), Ul5&2] 1% (soybean-oligosaccharide, @0 2jule] Q&
37)= AHgskarh

FHAN UGS AFes

-

2) Adrl"el mM=

A71E Az B o2 =ito] BaEo] glont %
A A8 9] 3 AdE ATSEAE Yoo IN & Kim YA
(2001)] A5 Farste] A71H 2 A2k WA 49
A1, 807 A7l F 241759 E7]E A A SEAL, roller
mill A ZE71A, P2 7HFE Hol 18 mesh Aol W
A A7VRR ARESISITE AVFE T 200 g2 Vo R X
ELYud, 71 ESTad, AdREenY, s nes
ZYZ} 2%, 4%, 6%2 A7Fsk Tl &8l el A 7] E(re-
lative sweetness)= ZHE-ZZ| 19 60, 7| ELE] 1T 30, A}

HOoFA o} RATHEETE

w
=4 };ﬁ Ag 7 }%}" Park YM et al(2012) 1%, Yoo IN
& Kim YA(2001) 0.8%, Hong HI et al(1999) 0.7% 5= i1
3lod 0.8% % AAsIIT) 7F el nd-e S5 dgko] 59, o]
siel B AlFo|BR, A7 Ax Al T e Iyt A
7183} BdstA skt Lelund 7 Aride s wigt

B]= Table 13 Zt}

A7V A, AR ¥, e R SEaYE Bl F
A F AR m2A] e & oAl AlE Ak A7) el
1,700 mLe| =& ¥1, T717F 53E e 7ol 4
N & pang ¥ T, HS 22U ANEE S F RS AHES
Qo €1z, 203 AEE A F 2081 SEE Rk A7 A
o] A]E% 15 mm x 15 mm x 15 mm=z Zebedct of A3
T FE 91 HE HolE A FolA AR e Als
E A4 049l AlER dlaL, polyethylene filmo 2 H5-5lo]
4"C°ﬂ/\1 WA AZHLGAAN, GC-114KDMP)3FAA 1Y, 24,

U A AEE A 1Y, A% 24, A% 3de] AE5=

01'/\1\

2. 25t E4 ZA

Zg|ado] Hrbd Avpee] 531 54 F A= Brabender
Visco/Amylo/Graph(NO.801306, Brabender Co. Ltd., Duisburg,
Germany)E ©|-8-3}] Medcalf & Gilles(1981)2] Wi o2 2
Aletth A71Eer 7R 10% dgA(HE T3S 30T
oAl 95CT7HA] 1.5C/min =2 7Fdste], 95CellA] 15483t
FAAZIEA SINAIEEBG), HHEMY), YA =
(EC), breakdown(BD), setback(SB), consistency(CT) 5= %
ARSI
ghH o g drjwel =315 A E7] 23] & 7Hblue value)
=33l eH, olu Yoo IN & Kim YA(2001)¢} HL 3k
Mo g A9 o, o]+ Gillbert & Spragge] WS X
g 7 el

fo o

3. =28 &4 At

1) ZE(Hardness) &4

W A73ek 719 9] 7 E(hardness) = rheometer(Compac-
100, Sun scientific Co. Ltd., Tokyo, Japan)E AF&3}4] two
bite compression test®= S5} o™, 33] W =5l T)
Rheometer 273 Z71S A|& =17] 15 x 15 x 15mm’, load cell
2 kg(A7F 0L AlR), 10 kg(A7 24, 3Y AlR); compression
60%; table speed 60 mm/min; adapter diameter 20.0 mmSith.
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Table 1. Formula for the preparation of sulgidduks
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Sample (%) Rice flour Water Salt Sugar Oligo-saccharide
Control 0 200 30 1.6 20.0 0
2 200 30 1.6 17.6 4
Fructo-oligosaccharide 4 200 30 1.6 15.2 8
6 200 30 1.6 12.8 12
2 200 30 1.6 18.8 4
Chito-oligosaccharide 4 200 30 1.6 17.6 8
6 200 30 1.6 16.4 12
2 200 30 1.6 18.4 4
Xylo-oligosaccharide 4 200 30 1.6 16.8 8
6 200 30 1.6 15.2 12
2 200 30 1.6 17.2 4
Soybean-oligosaccharide 4 200 30 1.6 14.4 8
6 200 30 1.6 11.6 12

2) M £H

HAtE Eead Tl 2 Ar|"e] Ax= AAAJC-
555, Color Techno System Co., Tokyo, Japan)Z A}8-3te] L
(lightness), a(redness), b(yellowness) at= =731t} Stan-
dard platex= L value = 98.55, a value = —0.00, b value = —
0.6991 white standard plateE AFE-3FG T 3L, a, b 3k 2
2HH ths 2& o]&3te] MAHAE*)E T-5FATHSong JC
1995).

AE = [(AL ) +(4d") +(a0)?]

4. H=4A

A5 AARE 778 A H(Choi YS & Kim YA 1992)S AF&-
sl )W Az A% 1T PR Ao 19, 22 A%
gk Aol gisle] AAletTt Zhzte] A8 S ZElaE
2719 A|2E Hol polyethylene film bagl 2 HHste] &
T} A A F-5F3 2™, color, flavor, taste, graininess, softness,
chewiness, moistness, overall quality 5= 9¢ %<t 33 W&
kst #ea e de AriHe] e 4 84
T AR A DA el 328
AlZ1(Kim JH & Kim MY 2011) Q1sltfew )& Fsta)
gAY g o= M3

5. Egrgalng &7t 47lHel Sy

SPlde Edstel A7k & A7H e Azl =,

gEZnF] TS AV A2A Hrletdth 7 &
DG 3%:3%, 2%:4%, 1%:5% T E3v|eE Hrlsio
fle} B3 WHo Z H7m S Az , A9 =

=geta, BEAAE dAsa

6. EAIxiz]
2 Qg Qe AY Ak AREE BA B4 220

212l SPSS 12.0(Statistical Package for Social Science, SPSS
Inc., Chicago, IL, USA) software S AH&-3tc] BAIA 2|15 <
™, B HEM(Analysis of variance), Duncan®] tEH ¢ 1473
(Duncan's multiple range test), Pearson/] 233 F-2(Pearson's
+99cHJung YH 2005).

correlation analysis) 5= 2A|3]

dn o oy

st 54 At

tok

1) Wyl2o| ofUzaE E4
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Table 2. Brabender visco/amylo/graph characteristics of rice flour with various oligosacchrides

Sugar %(wiw)  BG(T) MV(BU) EC(BU) BD(BU) SB(BU) CT(BU)
Control 0 792 ™ 5745 " 598.0 295.5" 355" 319.0 "
2 779 555.0 586.0 " 2685 ° 310" 299.5 "
Fructo-oligosaccharide 4 774" 557.0 " 5820 2705 250" 2955
6 762" 563.0 603.5" 279.5 405" 3200"
2 763 ¢ 662.0 " 595.0 " 3525 " —670" 2855
Chito-oligosaccharide 4 793" 658.0 " 578.0 ° 3465 " ~80.0 " 266.5
6 783 650.5" 536.0 © 356.5 " —1145° 2420 °
bed c d d a be
2 79.0 512.5 551.5 2415 39.0 280.5
Xylo-oligosaccharide 4 80.8 " 4955 524.5 2305 * 290" 2595
cde d f def a de
6 78.5 484.0 516.0 225.5 32.0 257.5
bed f g g ab f
2 79.0 389.0 4135 179.0 245 203.5
Soybean-oligosaccharide 4 79.0 " 4205 ° 495" 2005 90" 2095
6 792" 439.5° 4255 ° 2140 —140°¢ 200.0 "

BG(C) :

viscosity), SB(BU) : EC — MV, CT(BU) :

Initial pasting temperature, MV(BU) : Peak viscosity, EC(BU) : Cold paste viscosity, BD(BU) : MV — SC (Hot paste
SC — EC, BU : Brabender unit.

*7¢ Values within a column that followed by same letter are not significantly different at 0.05 level by Duncan's multiple range test.
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J(Lee lavath K & Indiani E 1987, Bhattacharya KR &
Sowbhagya CM 1979), consistency= 95 CllA] 1583t R4 A]
21 AX(SC)RIN BAHEEC)E W o=, AA] gho] S
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gl R, 2713 St AU gadvke Ale st
dojtte ovi= sAE = vk A7t ue A7
o] 371 4% A= Table 33 2o} F7ke ALt

7ol et sste Y AR 5] wahEHA] %M
solAlE AEs & 5 AAJTE A Golle S TRl
e 53} F3 ae JehA] ettt 71E£ab~%—€ !
71t A71H e BE HUbFoA feldo s 2 HUEE U
ERfiglom, Adzeelng HrlroAE 4% A7kt who)
FR7Rr vl8l] frejd oz & 3he etk A% 44
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A1, ol L ad Ml mE Arige] s gI2
AdE F olon, A% 399 AS BE gud Hrkol
A FR7FE e W w3l A=E HAFATh 53] 7]
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A 5ol whe A7Ee) AEE A 7)7k] Ag5E
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@491 %Eé Uehfo], Selardel o3k dr|He] =3}
UATE A 74| 7 -$(data not shown)
ol 216l 914 EoAh o gt e
°ll
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3 Ad 2 L) udo] ArjEe] w=3x|dd gt =
0w

L3S HUe A"l L g2 T3] 87.652
% A YEREa(Table 5), YA S2]9 371 2719
A7F 71"l

m_{n

vl St e 2elad HF Ay
[e]
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o a go] ETET foldow we e Ehglen,
=3 N eLe 1P e ArlEo] A1 we %E Ve
W), ol 1B g nT AAe] A wEolTh b ghe
A7l 636010, el Yrfitel kel vl
odom we e YT wed 2 nee Wole

Table 3. Effect of various oligosacchrides on the blue values of sulgidduks

Storage days

Sample Yo(w/w)
0 1 2 3
Control 0 0.7874% 0.3034'8 0.2495 0.1889 P
2 0.7265 meA 0.3495 ¢ 0.2260C 020579
Fructo-oligosaccharide 4 0.73514 0.3463"™ 0.2315"¢ 0.1999 &P
6 0.7881% 0.3609 B 0.2531°¢ 0.2370°
2 0.7056%* 0.3900"8 0.28747% 0.1983¢P
Chito-oligosaccharide 4 0.7767 4 0.4183°® 0.25874C 0.2054 4
6 0.7277°A 0.3790 % 0.2522¢<C 0.2278°°
2 0.6956 0.3154%8 0.2617°¢ 0.1924 "
Xylo-oligosaccharide 4 0.8061* 0.3384® 0.2063%¢ 0.1897 P
6 0.7113 ™% 0.3853°B 0.2683°C 0.2160 P
2 0.7850°4 0.3340® 0.2377¢ 0.2052 %
Soybean-oligosaccharide 4 0.7751°* 0.3501¢8 0.22031¢ 0.2019®
6 0.7748 A 0.3571® 0.22051¢ 0.2037 9P

a1 Values within a column that followed by same letter are not significantly different at 0.05 level by Duncan's multiple range test.
A™P Values within a row that followed by same capital letter are not significantly different at 0.05 level by Duncan's multiple

range test.
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Table 4. Hardness changes of sulgidduks with various oligosaccharies during storage

HOoFA o} RATHEETE

% Storage days
Sample
(W/w) 0 1 2 3
Control 0 547.7%4A 2,367.0% 3,132.9% 3,462.5%°
2 515.7cdeA 1,964.0 8 2,415.4°C 3,316.4%P
Fructo-oligosaccharide 4 489.1 4A 2,498.1% 2,745.9°¢ 3,385.4 %P
6 489.4 44 2,302.0°8 2,494.8°4¢ 3,728.5 %0
2 527.2bdA 2,178.6°8 2,586.5%¢ 3,550.4 bcdeP
Chito-oligosaccharide 4 564.6°4 1,816.8 % 2,626.6°¢ 3,026.6 "4C
6 471.0%* 1,825.398 2,481.7¢¢ 2,682.1 40
2 507.6 %A 1,531.6® 2,587.1%C 3,116.9%4P
Xylo-oligosaccharide 4 481.2%A 1,315.1™ 2,885.2%¢ 3,201.2%¢
6 594.5% 1,412.7¢® 2,213.4% 3,113.49P
2 480.8 A 2,348.2%8 2,616.7%8 3,184.5<
Soybean-oligosaccharide 4 514.0 %A 2,003.6°8 3,122.1% 3,306.6°
6 508.5 “der 2,385.7%8 2,741.2%C 3,014.4

*7¢ Values within a column that followed by same letter are not significantly different at 0.05 level by Duncan's multiple range test.

A~D

range test.

Table 5. Color of sulgidduks with various oligosaccharies at 4C for 2 days

values within a row that followed by same capital letter are not significantly different at 0.05 level by Duncan's multiple

Sample Yo(w/w) L a b AE
Control 1 87.65 —1.94°¢ 636"

a y 3 1

2 87.92 —2.11° 7.08’ 0.79
€ l .
Fructo-oligosaccharide 4 84.53 —2.11° 6.68 3.14’
d h k k

6 85.45 —212 6.94 228
2 7775 © —054° 23.64° 19.96 ¢
Chito-oligosaccharide 4 7129 230" 3291" 3147
6 64.58 " 455" 37.17" 39.03 "
i i h g

2 81.34 ~2.36 10.09 734
h d d d

Xylo-oligosaccharide 4 81.86 —1.61 17.82 12.85
6 82.57 ' —2.08" 14.95 ¢ 9.98 °
2 8552 ° 2! 885 329
k h

Soybean-oligosaccharide 4 82.50 —2.45 11.25° 7.12
6 81.66 " ~255" 1226 " 843 '

! Values within a column that followed by same letter are not significantly different at 0.05 level by Duncan's multiple range test.
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7w o] Me HEs oy, AArel S e= Skt
= ATE U] 22258 A5 Yepdte e & &
A}tk gHAC R Park IK ef al(2002)S 71ELT| o] 3

7he el a B F7hRa Haskg ou, Choi HI er al
(2004) = oA FJ1ELSB e H7Pt a #E ST
3, b Fro] A Bastgh 71 ELeny Hrt A7)
e} A9l A4S ehle ABgke 71 Egel e 6%
VRN 71 Egen, gelnd Bz Ar19te) A

Table 6. Sensory characteristics sulgidduks with various

SRS W ArlEe) wade] B AT 519

Z]—017]- 7].?1— = 40

= e

3. IsH EY
H5d EAAAE SElue A 27"y 247 A7
o thate] A0, 1, 2l A BT LBl 1T 2%} 4%

7 A71H ] A% 6% 7t 71"} v)5E 48
oAl Ael7h & =eivA] esizlel, gelad Hrkaet
7} BlmA st 6% 7l Arime] BEPAS HHE 2K

oligosaccharides (6%) during storage

Sensory Storage Fructo- Chito- Xylo- Soybean-
e Control . . . . . . . .
characteristics days oligosaccharide oligosaccharide oligosaccharide oligosaccharide
aA aA bA bA bA
0 5.44 5.19 3.19 3.75 3.63
aA aA bA bA bA
Color 1 5.31 5.63 3.25 3.38 3.94
abA aA cA cA bcA
2 4.69 5.31 3.13 3.44 3.81
aA abA cA bA cA
0 5.44 4.88 2.75 4.50 2.44
aB aB bA aA cA
Flavor 1 3.94 4.25 3.00 4.00 1.88
bC aAB bA aA cA
2 2.75 431 2.56 4.06 1.75
aA abA cAB bA cA
0 5.56 5.00 2.50 4.56 1.94
aA abB cA bA dA
Taste 1 4.75 3.88 3.00 3.81 1.50
bB aB cm aA cA
2 3.00 4.25 2.06 3.88 1.44
aA abA cA abA bA
0 5.50 5.00 3.13 5.00 4.50
aB aB mbAB aB abB
Graininess 1 3.25 3.56 2.19 2.75 3.06
abB aB bB abB abB
2 2.63 3.44 2.38 3.19 3.25
aA aA aA aA aA
0 4.88 4.63 438 5.25 4.81
aB aB aAB aB aB
Softness 1 3.43 3.56 3.38 3.38 3.25
aB abB bB abB abB
2 3.06 3.38 2.94 3.88 3.13
aA aA bA aA aA
0 5.25 5.25 3.63 4.63 4.94
. aB bB bB bB bB
Chewiness 1 3.56 2.63 2.00 2.38 2.25
abC aB bB abB abB
2 2.19 2.31 1.75 2.50 1.88
aA aA bA aA abA
0 5.38 4.88 3.69 4.69 4.56
. aB aB aB aB aB
Moistness 1 2.31 2.50 2.13 2.06 2.13
aB aB aB aB aB
2 2.19 2.19 1.81 2.38 2.38
aA abA cA bA cA
0 5.75 5.19 3.06 4.63 2.75
. cdB aB bcAB abB dB
Overall quality 1 2.44 3.63 2.56 3.19 1.81
beB aB dB abB dB
2 2.38 3.44 2.00 2.75 1.75

4 Values within a row that followed by same letter are not significantly different at 0.05 level by Duncan's multiple range test.
A€ Values within a column that followed by same capital letter are not significantly different at 0.05 level by Duncan's multiple

range test.
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(color), ZK(flavor), BH(taste), UAHd(graininess), F=2]% %=
(softness), 4331 /d(chewiness), =3+ % T=(moistness), A2
Q1 F4(overall quality) 5°]31th.
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Table 7. Pearson's correlation coefficients of sensory characteristics and physicochemical characteristics of sulgidduks

COL FLA TAS GRA SOF CHE MOI OVER  Blue value
FLA 0.326™

TAS 0.292™ 0.820™

GRA 0.237" 0.440™ 0.428"™

SOF —0.039 0.267" 0.288™ 0.571"

CHE 0.235™ 0.460™ 0.467" 0.662" 0.487"

MOI 0.142" 0.421" 0.395™ 0.642™ 0.476" 0.807"

OVER 0.279™ 0.720™ 0.696™ 0.643" 0.467" 0.647" 0.674™

Blue value 0.112 0.404™ 0.427" 0.644™ 0.368™ 0.622™ 0.6417 0.600™

Hardness —0.061 —03377 —03417 —0479" —0322" —0.647" —06417 —0554" —0.825"

COL : color, FLA : flavor, TAS : taste, GRA : graininess, SOF : softness, CHE : chewiness, MOI : moistness, OVER : overall quality.

" significant at P<0.05, ™ significant at P<0.01.



25(3): 513~524 (2015)

SRS W ArlEe) wade] B AT

521

Table 8. Hardness changes of sulgidduks with mixed oligosaccharides during storage

Storage days

Sample Yo(W/w)
0 1 2 3
abA aA abC aD
(00) 547.70 2,367.00 3,132.90 3,462.50
bA bB oC bD
CH 6% 471.00 1,825.30 2,481.70 2,682.10
aA bB beC abD
3:3 570.33 1,686.16 2,734.51 3,145.96
aA bB beC abCD
CH:XY 2:4 582.60 1,516.62 2,781.96 3,253.82
abA bA beB aB
1:5 540.44 1,737.24 2,858.58 3,344.02
abA aB abB abB
3:3 531.16 2,627.87 3,082.45 3,191.55
CH:FO 2:4 571.07 " 2,649.02 " 3,470.26 3,360.73
abA aB beB abB
1:5 531.42 2,701.77 2,930.95 2,960.33

CO : control, FO : fructo-oligosaccharide, CH : chito-oligosaccharide, XY : xylo-oligosaccharide.
*7¢ Values within a column that followed by same letter are not significantly different at 0.05 level by Duncan's multiple range test.
A~C Values within a row that followed by same capital letter are not significantly different at 0.05 level by Duncan's multiple

range test.
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Table 9. Sensory characteristics of sulgidduks with mixed oligosaccharides (6%)

Sensory co CH:XY CH:XY CH:XY CH:FO CH:FO CH:FO

characteristics (3:3) (2:4) (1:5) (3:3) (2:4) (1:5)
a cd b cd d be be

Color 6.25 3.13 475 338 3.00 438 438
Flavor 425 263 ° 488" 3.00 438" 463" 438"
Taste 425" 3.88 " 563" 425" 338" 550" 538"
Graininess 638" 313" 500" 400 ° 5.00" 413" 488"
abc e d cd bed a ab

Softness 475 250 3.75 4.00 450 5.63 5.00
Chewiness 6.00" 400" 425" 3.00° 400" 5.00 " 3.88
Moistness 550" 350° 450" 413" 463" 588" 438"
a e d d cd al be

Overall quality 6.00 2.50 3.75 4.00 450 563" 5.00

CO : control, FO : fructo-oligosaccharide, CH : chito-oligosaccharide, XY : xylo-oligosaccharide.
24 Values within a column that followed by same letter are not significantly different at 0.05 level by Duncan's multiple range test.
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