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Abstract

The retrogradation retardation effects in Garaetteok, after storage for 28 days at 4°C, by the addition of the wheat
flour into the steamed rice powder on a 0.8% (w/w) basis at different temperatures were analyzed. In the X-ray dif-
fraction pattern, the control and 95°°C treatment showed mixed B- and V-type patterns. The peaks were sharp with
their size having increased after storage, whereas the 55 and 75°C treatments showed a single peak throughout the
storage period. In addition, enthalpy changes (4E) measured by differential scanning calorimeter (DSC) thermograms
of Garaetteok were minimized with the 55°C treatment. Concurrently, the blue values in the starch increased during
storage. The optimum temperature of the wheat flour, based on the textural hardness and chewiness of Garaetteok,

was found to be 55°C after storage.
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Johnson, 1996; Choi et al., 2004; Sohn et al., 2005). A&
opd R 2 JheFo] O st WEA WP H =t o
ol R A7t A dAe] BATRE VM AL Yo B R Eo
AhElo] fA F20)E &9S RIE F o o] FEo]
2 EoMsi A HAAste FEA 2488 ¥
73gko] 9171 wWjEoltk(Keum et al., 1996). AE2]
Z7]0l= obd 227 Fofatal 7)ol = o 24
= A2 4#HA JTHGudmundsson, 1994).
ek Aol =35 AAlE] A B>
-E— o Eﬁ}“ gk opu e}
A Ik FArEEAS
=3l A A =2 o] 83 ?ﬂ—?% R, ‘:HET(Chm & Shin,
1996), &2 L9 (Katsuta et al., 1992; Song et al., 1997), 4]
o] df(Choi & Kim, 1993), HF(Kim et al, 2006), T E
(Park et al.,, 2003), B E2HKim & D'Appolonia, 1977), 2
7}2(Kim & Chung, 2009), E#8&2(Kim & Chung,
2009), ‘_LLOHE/\Q] ot 7hE 3| E(Katsuta et al.,
1992), XA 3} A 8-A §-=A(Hoover et al., 1994; Mun
1996), T A F(Russell & Oliver, 1989; Lee et
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al, 1993) 5¢] 2

U7} FE amylase, protease, lipoxygenase, polyphenol
oxidase, peroxidase 59 Th¥g &4E AU Urh(Rani
et al, 2001). 2 2] alpha-amylase= =2 2|3 (pericarp)©ll
EA) 3P AFFo] E(seed coat)2} FH-F(aleurone layer)
o] ZA) s+h(Kruger & Tipples, 1980). & L& H7LF9]
AFAG = oA o] Yep A oy FE& ¥
st A4S 9A Ak £7EE Punjabs o] ¥ A
H(roll mill)& ©]&3td L AEFA oA alpha-amylase
activity= 2.60°4] 5.90 units/g protein®. 2 Z7}3lo] #HF
W7FEAF2] alpha-amylase activity= 5.90 units/g proteinS-
2 Vel th(Rani et al., 2001).
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VN Az A AR 23] Al 3A7E B £
g, Aol AA 3023 2718 AR g 21 2
AL 1%ww)ell lFshe 255 H718k roll mill(KM-
18, Kyungchang Machine Co., Gwangju, Gyeonggi, Korea)
2 12 28ty 20 mesh Aol FHAIA ARSI
B F A 2wt HES B2 Bohstel A £
% roll mill2 2 2} &t 7k2d A 3HS
A stgstel Bol #7] Aldshd, A7le] delz A
£ 75 A7FRE Fol 251 Ft 7HE sl dnk b
YA zE 7HEe] B AEE FF7I(NJE-3570, NUC,
Daegu, Korea)Z AFEAIA 71EY 2oz A Ystach
WARE A7 lEAlEE o] B ¥ FA A7t
Fol YWH2E7) 55 75 2 95°CE HEE st & B9
2 FA19) 08% siFshe 7S A7 o 371
(KM89, Kyungchang Machine, Gwangju, Gyeonggi, Korea)E
o]g-sto] 400 rpme2 1381 AT AAFTH LS v
NS 55715 B 7Y 2oz Aysle EAAE

!

2 ARSI AR -70°C9] deep freezer(DF8517, Iishin
Lab Co. Ltd. Nanyangju, Korea)oll Al &% 523 & 52
Z1Z7](SFDSM24L, Samwon Freezing Engineering Co.,
Seongnam, Korea)E AH§-3to] 712331t

oMl =

Al5.9] WA FZ = scanning electron microscope(SEM,
S-4300, Hitach Co., Tokyo, Japan)Z ©]-&3}e] #2313t}
FAAZIE AFESle] 54 A% 5 SEM ion sputter
coater(E1030, Hitach Co., Tokyo, Japan)E ©]-&-3}lo 2%
el A 6027t palladium© 2 10-30 nme] F7 2 Z& 3}
AL ©1F 10.0 kVellAl 3,0009] v &= #2314

Blue value

ZE-2] blue value: Gilbert & Spragg(1964)2] Wi
ol-g&ttt =, AEAFE 200 mgell FFF 100mLS 7+
sted 2mg/mLe| FE=E AZd A8 &S 90°CollA] 45
7 33T o] §H0lM 1.0mLE FH 35k 50 mLe
Al@el] Y3 1IN NaOH €95 05 mL 7 o5 3%
2t BE e FH/IEE F IN HC §92
0.5 mLE 7tste] Sz S8k A &l potassium
hydrogen tartrate 0.09 g} iodine solution 0.5 mLE ¥ Z
AF-HE 50mLE & T UV visible spectrophotometer
(OPTIZEN POP, Mecasys Co., Ltd. Daejeon, Korea)S ©]-&
3ol 680 nmolH FHES SR ofehe] Heof o
3oy M E-9] blue value &2 AlAHEHA

Absorbance x 4

Bl lue(B.V.)=
ue value(B.V.) Starch concentration(mg/ml)
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Alg9 AR FFE Xray diffractometer(XRD, Ultima 1V,
Rigaku, Kyoto, Japan)& ©]-&3led 4392 40kV,
40 mA°IA Cu tubeE A8kl 9-20 0= 5-40°9] 77F
oA 8/min®] HEE ZA 8T
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ST
Texture Analyzer(TA-XT2, Stable micro system, Surrey,
England)S olﬁﬁ}d *Pi(zs"C)oﬂH 10 3] ®HE S48k
o AR AL 12mm, o] 10mm °|eH FH
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WEFHAT LY A BE 40 SEZ2AA 282 7F
2783k,
SAXE

Ag FA]2 SAS(Statistical Analysis System, version 9.3,
SAS Institute Inc., Cary, NC, USA) program< ©]-83}o] &
AHEA (ANOVA)F- p<0.0555=914] Duncan's multiple range
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Fig. 2. Blue values of the Garaetteok after storage for 28 days
at 4°C as affected by temperature of the dough at which wheat
flour was added. Control: dough without addition of wheat
flour.

Fig. 1. Scanning electron micrographs of the Garaetteok during storage at 4°C as affected by temperature of the dough at which
wheat flour was added. A: control, B: 55°C, C: 75°C, D: 95°C. Bar is 10 pm.
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Fig. 3. X-ray diffraction patterns of the Garaetteok after storage for 28 days at 4°C as affected by temperature of the dough at which

wheat flour was added.

A% 289 F dxTe Aad wbdd] 2279 blue
values S7HIi o™ 53] Hrh2= 75°C7F 71 A4 =

7bskATE ol 4C AF F UikRe TEHANUE
amylase®] &o] o]slo] 7prRa| 2t 0w opd  Adtek

%7} 59 FEASL ekt Asteh B,

7k MEe| AT

U7 H7F Al JAVEREE dElete] Y-S Al xSk
< o 4°CollA 28 A F4 XRD pattern< Fig. 33}
2t XRD pattern HAEYAe] AR F2E Uepll= A
O 2 peak?] EIIZ S S TEE peak? 260 Wl A,
B, C, V typelS 2 FiE-HETH A Z7]9] tjxef Hk2
% 95°Ce] A9ollE 20=17° A I35 YERN = B-type

I 20=20° oA FAE HEpl= 2Pl A LdE
V-type®] &3 XRD patterns YERJ AT whA H7he
% 55°C8} 75°C= 20=20° 9] V-type®| @ 9AE HY
O 2A o] AVLTE T} Fo] ZEL e A TFE W
ol vebd 1o g i) ARG L FolA Wstrt xleg s
AT FAETh(Lee et al, 2004) A7 28d So= ol

279} 7% 95°C2] 739 B-typed} V-typeo] &350
AE Fdol FEHAL éﬂfﬂml Z7TH o 2A peak’}
GILZ A HA Z7)7F AAE A & 5 AJTh o=
Z212 23] ArtFe] A HEEo] 33lH T 4°ColA A
Aohe B oFER 2 BALE Alo|u) opd 20} o} 29
gl B2LE Alo] E= ofdE2HEl BAE AloloA AEY

AF(=shoez A3 M2 2725 I8 e

Table 1. DSC endothermic properties of the Garaetteok after storage at 4 as affected by to temperature of the dough at which wheat

flour was added.

Storage period Temperature of wheat First peak Second peak
(days) flour addition (°C) T, (°C) T,(°C) AE (J/g) T, (°C) T,(°C) AE (I/g)

Control 51.37 68.51 1.335 - 100.71 0.390

0 55 59.41 79.13 0.355 95.14 100.94 0.296

75 58.27 75.28 0.562 95.00 101.60 0.530

95 53.87 80.15 1.030 95.05 101.48 0.372

Control 55.27 64.13 5.670 99.43 102.25 0.566

28 55 61.14 78.59 0.615 - 99.99 0.587

75 57.22 81.13 1.432 95.26 100.51 0.471

95 55.34 64.96 3.935 - 101.24 0.649
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Table 2. Textural properties of the Garaetteok as affected by temperature of the dough at which wheat flour was added and storage

period at 4°C.

Storage period Texture

Temperature of wheat flour addition (°C)

(days) parameter Control” 55 75 95
Springiness 0.838+0.155VNS 0.869+0.081 0.894+0.050N 0.817+0.206™°
Cohesiveness 0.893+0.030™8 0.902+0.013™8 0.887+0.014 0.907+0.020™8

0 Chewiness 533.675+207.921% 690.952+164.534% 802.737+£163.102° 757.040+£301.399°
Adhesiveness 50.207+34.989° 165.466+54.501° 270.065+38.629° 312.993+58.657°
Hardness 690.470+211.399° 869.233+162.600% 1,006.790+178.092° 964.740+315.194°
Springiness 0.895+0.177* 0.790+0.047™ 0.716+0.201° 0.966+0.035°
Cohesiveness 0.922+0.025° 0.861+0.029° 0.877+0.060° 0.917+0.022*

7 Chewiness 1,7530.77245,052.577* 538.629+100.330° 464.197+232.607° 16,650.963+2,401.432%
Adhesiveness - 628.756+132.600° 499.340+214.480° 12.557+5.116°
Hardness 20,714.580+4,189.489° 789.680+141.485° 689.080+293.781° 18,763.950+2,125.087%
Springiness 0.941+0.029* 0.822+0.061° 0.803+0.067° 0.932+0.027°
Cohesiveness 0.931+0.018"8 0.838+0.060™° 0.84620.042 0.921+0.011™¢

14 Chewiness 17,461.380+3,612.702* 308.820+54.349° 311.467+52.788° 17,092.075+2,047.762*
Adhesiveness - 351.066+42.021% 384.747+61.922% 30.698+14.362°
Hardness 19,827.820+3,460.010* 449.950+£77.663° 458.260+62.806" 19,911.030+2,268.820°
Springiness 0.934+0.067* 0.792+0.032¢ 0.830+0.033¢ 0.889+0.050°
Cohesiveness 0.940+0.034* 0.741£0.036° 0.737+0.039¢ 0.904+0.019°

21 Chewiness 20,315.400+3,260.029* 152.413+£31.510¢ 232.102+22.182¢ 15,733.508+3,407.009°
Adhesiveness - 321.363+63.897° 324.491+56.823° 39.126+17.802°
Hardness 23,051.660+2,346.437* 259.400+51.352¢ 380.230+36.276¢ 19,567.650+4,125.040°
Springiness 0.915+0.029* 0.804+0.023° 0.809+0.018° 0.801=0.200°
Cohesiveness 0.912+0.009* 0.719+0.061° 0.724+0.011° 0.920+0.019°

28 Chewiness 18,183.495+2,505.254* 92.189+14.524° 155.078+17.877° 10,857.045+4,289.351°
Adhesiveness - 242.891+45.928° 316.652+30.841° 22.366+8.774¢
Hardness 2,2708.175+2,173.648* 160.871+£33.166° 264.614+28.032¢ 16,505.917+1,814.688°

YControl: dough without addition of wheat flour

YMean+SD

YMeans with different superscripts are significantly different (p<0.05) by Duncan’s multiple range test wihin the row.

NNot significants
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