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Effect of Added Wheat Flour on Retardation of Retrogradation in Garaetteok
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Abstract

This study was performed to analyze the degree in the reduction of retrogradation in Garaetteok during 3 days at
4°C with the addition of 0.8% wheat flour. The water holding capacity of the control (CO) and Garaetteok with
0.8% wheat flour added (TR) after storage for 3 days was 45.8% and 76.0% respectively compared with that in
the initial storage stage. The water solubility of TR showed higher values than that of CO throughout the storage
period, and the difference between CO and TR increased as the storage period increased. For the X-ray diffraction
(XRD) pattern, CO showed an A-type pattern and the peak was sharp with the peak size increasing as the storage
period increased, whereas TR showed a single peak throughout the storage period. Enthalpy changes (AE) by dif-
ferential scanning calorimeter (DSC) of CO and TR after storage for 3 days were 851.8 and 16.1 J/kg respectively
with hardness of 96.3 and 4.0 N respectively, which were significantly different at the 0.1% level.
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7} JAE| 3 (Zeleznak & Hoseney, 1986) =317
Aol AMgHE FRAFERT sk Foll S

sl P whOm(Zelenak & Hoseney, 1986; Lie
Thompson, 1998) £-3] §3l¥ old=ZHglo] A Tzt
(Singh et al,, 2012). A== 2A 3] Ao Hul<l
2] o] &% (Tg, glass transition temp.)2} 2 & 2] AP7do]
il &8 (Tm, melting point temp.)2] F7H2E oA
=317F 2 dojubn Tm ©]/de] &4 Tg olate] 2%=0|
A A7psha A4 317} A ® thBiliaderis CG 1990). H 71
< o] &3t 7HH o] =stelA o A3 AFEE= trehaloset
HAAHE(Kim & Chung, 2010), maltitol(Song, 2002), = 7}
F(Kim & Chung, 2009), %2H]&(Shin et al., 2010), A ¥
Z¥(Choi, 2009), &-57]7(Choi & Lee, 2010), surfactant(Shin

& Song, 2004), €] 72 (Shon et al,, 1997) & T3 &
AES &8st

%Lﬂﬂé&

YU7}$E amylase, protease, lipoxygenase, polyphenol
oxidase, peroxidase 5| Th¥gh BAE AYAL UTH(Rani
et al., 2001). 29| alpha-amylase= FZ <] ] (pericarp)©l
A8t 2Fo] FI(seed coat)2} FH-Z(aleurone layer)



=

2 AP - 7] - %

)

=i

o &4 etth(Kruger & Tipples, 1980). 2 E+= 4
AFHA A= ool YA ot 8
st G442 g7 Aok #7428 Punjab F°] 2o A
E Y(roll millyg ©]-&3ste] H AEZFA alpha-amylase
activity:= 2.60-5.90 units/g protein® Z eSO FHF I
7FFAE2] alpha-amylase activity:= 5.90 units/g protein®] %1
THRani et al., 2001).
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Fig. 1. Scanning electron micrograph (SEM) of 0.8% wheat
flour added Garaetteok during storage for 3 days at 4°C (X500).
A: control, B: 0.8% wheat flour added Garaetteok.
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Fig. 2. Water holding capacities of 0.8% wheat flour added
Garaetteok during storage for 3 days at 4°C. A: control, B:
0.8% wheat flour added Garaetteok.
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A vebsth A 3 & Al 25U ARbFoR
il“ P ¥HTERE eI 0.8% L7 H7t 7t
o 9] E%l TR Zo] gisdth 7Y Az Al
AARZVERA AMEE Dr1Re] HwYA 27|19 7§
g2 7Jr7Jr 64.26 ume} 7.53%01N oM AlEEA A L
o] FHaFdA A7lE 17257 umol Ao FRFTFS
45.39%0°] AT}

ﬂl
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T3S YeRliglon AA7|7ke] Aol meba iz

9} 0.8% UWIHEA7F & 7+e] 8% Aol 7Vﬂ'ﬂP(Flg 3)
0.8% D7FFA7E 7k E ] &3 ert & o)f= HAEUAR
o] A A} FRo] £Z0] golog amylose-‘?‘r amylopectin
o] vlg, BAER AR AR micelle T20] St 5
o] gL mAEd(Kim & Shin, 1992) ©]& g &2
W71Ro) S0lli amylase Fo) olate] | Az 7}
A% % JleRart go2 Yehbe @4l Aed.
279} 0.8% LIHFA7E hY BF 70°C BaRE &
slwel FA% 2718 Btk Lx7} 2719 g of



4 RERREIEE S

35 T
30{A = Wheat flour 0%
el |
£21 == Wheatflour 0.8%
£120 1
= | 3
L .- s A’—o‘—r—"
= ! - = o
L =
0
40 50 60 70 80 80
Heating Temp. (C)
35 =
Wheatflour 0%
20 : C '
E;; ] =+=Whesatflour 0.8%
g2
2 15
210
5
3 L
40 50 60 70 80 80

Heating Temp. ('C)

ot - 4%

o

Solubility(2s)
S

—ie=Wheat flour 0%

; ) | =+=Wheatflour 0.8%
40 50 60 70 80 90
Heating Temp. ('C)
35 -
Wheatflour 0%
30 _| D
ggg J =#=i\heat flour 0.83;
=, |
5 .'.0 “l
2 15
3 1

Heating Temp. (C)

Fig. 3. Solubilities of 0.8% wheat flour added Garaetteok during storage for 3 days at 4°C. A: 0 day, B: 1 day, C: 2 day, D: 3 day.
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Fig. 4. X-ray diffraction (XRD) patterns of 0.8% wheat flour
added Garaetteok during storage for 3 days at 4°C. A: control,
B: 0.8% wheat flour added Garaetteok.
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XRD pattern> AEYPAFe] AF4T2E Yefl= o=
txTe] ZAole AYE S XRD patterns UERH HEAH
0.8% H7I+ A7 7Hge 9 9aE HY(Fig o=
A o] ARG HelrE A=At AFRE T
(Lee et al., 2004). t=72] 75 A7d717ko] Zdojge
2x AR GA o] F7IE S 2A peak’t SR YA A 7]
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Table 1. DSC endotl.lermic properties of 0.8‘%; wheat flour Zof] E3390H 0.1% FoA SoAdxtolE JeER
added Garaetteok during storage for 3 days at 4°C. T}, 3214 (adhesiveness)®] 7> ARZ7] g2} Wb
Tslfga(gfc) ﬂxlr“?/to) S“’“(‘g;"yz‘;r“’d T,(°C) T,(’C) AE (J/kg) = 0.8% H7iet 7t HS Zhzt -387.53) -418.9 erg®
Abgh o2 5% Wl ol xtol7F gldeut A% 3 Y
0 64.68 71.14  80.1 Sole tzre] BEAe LEA Sho whE 08% 171

1 60.65 70.58 8109 T e e T v R
0 2 59.70 6785  829.0 & 7HIEE (12830 erg® A FRIIRT SUHE s <
) 3 58.08 64.85 851.8 T AUk ol g AN A T LT 2FHAUE
0 6756 7376 624 amylase®] 7HE3l 2ol Hito] Fxwsle} $A A A}
0.8 1 64.06 73.13 743 3} ® A 71A=E AL AL E Y B A (springiness)2]
2 6821 69.54 258 & ARz W27t RS 0.8% H7He st e

3 64.04 66.67  16.1 S

et al, 2006). #2717l EAGlo] thzol wste] 0.8%
L7 H7E 7 o] SsAl =9t U S ek2 (T )7t
=A YERST o9k FARE A3b= Kim 5(1997)2] A+
NN VERo™ FH7F "IFRe] B4y oste] Exf
WAz o] o] &8 Ao A wiEol UEhs ol
ot AR 2T 0.8% B H7F 7y e &89l
29)(AE) -2 7+t 80.13 624 Jkgl 2 A2 o] 97k
worow A4 39U T2 vlwsk w 72tz 851.8% 16.1 J/kg
o2 ujg- F Aol& YR o] tixe] 9= A
F717ke] g ge) wEhr] ARrEAE] AAF st =3}
7} Bol Atk AL onlat AEte =37F A
o] FP=|A] oo} dste] ot oA 7t vk 2HA|
dasiths 2 onsit). olefst d2 0.8% L7 A
7F 7t g 8] A 4CAHE T WER TR U=
amylase®] 7F-5f 280l o|gh 2102 AtgE T

—

£t

AGz7] 279 WS 0.8%H7F Al 7HiEe] 7
% (hardness)= Z+7} 2332 20NEA thE77F 7 =4
UERE O W(Table 2) 4°CAE 3 Y Tl Y7HREE 0.8%
713 7" el AE@ON)E HET(963N)Q] 4.1%

2 1.03F 0.99] fFARRE #hellem A4 3 Fole &
0.9=2 #7717kl BAAGLe] 5% WolA Feldxtel 7t
Ak 2t LILEES 0.8% H715 7y BE A%
o] g g wetA w9 HAaAtS B 34
(cohesiveness)ll A= A|EUlF-2] AgEH o2 Ao = A
Fx7] dzTot WS 0.8% H7HE 7Y 2F 09
2 2L golder A% 3d Fode 47 083 092
H7HEE 0.8% H7ESE Theye Az fARRE B
AW iz Aee A T 427 YERY 01%
FEolA FoAtolE UERAT ol Hd A A%
5 WrkFo| EE 0%l amylase?] HE 7] 2Hg-0)
oste] AEaps}rt o] Folf 7] wiiEol2tal AtgErh W
’d (Chewiness)H k= 7 E=H 38} frAbsHAl UEbsE o™ 4°C
oMM A% 3L Foll= 27HFE 08% H7He 7HY <]
K814 (3266.7 erg)S thZ7-(72379.2 erg)2] 4.5% o2
A E AolE BHAoH 0.1% FEoA FeF Hols

ERf T}

2 41 N od

o (]
i =

E ATE 0.8%ww)e LIRS ks & Alzd 71
S 4CoA 397ke] AR T =R =E B4 s
Atk A7 F =stdlde] ot & A3te

Table 2. Texture properties of 0.8% wheat flour added Garaetteok during storage for 3 days at 4°C.

Wheat flour (%)
T value Pr>t
Storage period (days) Texture parameter 0 0.8
Hardness (N) 2.3+0.2 2.0+0.2 3.17 0.0053
Adhesiveness (erg) -387.5£194.2 -418.9+104.0 0.47 0.6469
0 Springiness 1.0+0.02 0.9+0.0 0.86 0.3988
Cohesiveness 0.9+0.0 0.9+0.0 1.81 0.0874
Chewiness (erg) 2019.9+228.6 1754.0+£141.3 3.13 0.0058
Hardness (N) 96.3+7.6 4.0+0.6 38.47 <.0001
Adhesiveness (erg) - -1283.1+527.8 7.69 <.0001
3 Springiness 0.9+0.0 0.9+0.0 1.52 0.1464
Cohesiveness 0.8+0.0 0.9+0.0 6.64 <.0001
Chewiness (erg) 72379.2+6911.1 3266.7£511.1 31.54 <.0001
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