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Abstract

This study was conducted to investigate performance of methods for cooking and thawing frozen
cooked rice to retard retro-gradation of cooked rice. For this research, That was executed rice’s
physicochemical and sensory characteristics test through the way of boiling rice or thawing, and found
out best way for retro-gradation and taste. This study showed the rice cooked by pressure rice pot has
less dehydration during freezing and thawing, and thawed rice by micro wave has less dehydration.
Repetition of freezing and thawing resulted increasing of hardness and chewiness, and decreasing of
adhesiveness and cohesiveness. The rice cooked by convotherm oven or pressure rice pot has less
increased hardness while freezing and thawing. Adhesiveness was superior when rice was cooked by
pressure rice pot. The rice thawed by microwave had more hardness than thawed in room

temperature.
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<Table 1> Grain size of rice?

Variety Length (mm) | Width (nm) | Length/Width
Gyeonggimi | 4.67+001 | 2641001 | 1771001

1Y Means of 3 replication, respectively. Values represent mean+SD

2) oldz s ¥ &3

A Nge & opdz oA L Juliano® 9] Y
J we AFHA F, A7HF 10megS WEF
230 W o7le) 5% e ImlE ¥tk o
71e] 10N £33 EF £ omiE YolA 208 A
E To] AEE ¢As B2 Z& § (1000)
oA 1087 7tdstd 237 & Ade] 4L
AT(0C)E 432 20C FFFE 100m} HEF
AFgsQrt ol & 5mE F& 100mlE HEF2tE
o] ¥I 10N acetic acd ImlZ F3A F 82
T £9)(02% iodine3+ 20% potassium iodide) 2ZmlE
Yol 100m7tA) 20C FHFE L4349 7 oA
BEI 208 ol FAF TYAFATE 22E%}
uhedt Alg 4o FIEE 62nmolA SN
th 2R oAB oA olPEHAVS AME-3H
Standard Tableg ZFHA LI, °lE o] &3H4
amylose §F& A&

3) A%

Aol ATE 712 d & AEE FHE ce
(55cmx55cmx25cm)ol gob A=A (CQI/UNI-
1200-2, Hunter Associates Laboratory, Inc, Reston,
VA, USA.)E AH£3o L3zt(lightness), a%t
((+)redness/ (-)greenness) R b ((+)yellowness/
(-)blueness) & A 3HTH

3 Fjeiug 9 shSeigol mE Wiiol ofSsiy &4

1) AEZH)

& 200gS SFTE 33 FASsY F FFo
500g0] H58 ZFFFE AUty (B FF9 1590
o 714 0RT £F o AusAch AN
A71E e (P-M112RA, LGAA), ANgE
(RJ-1028, LGAA}), convotherm oven (OD 6.10p,
(F)HRS, §3)& olgdtgoen, At F A& 7}
AAE lemE AQET FARY g AR ©]



AZE AHEEt o] BEAMAIA oA FolsHA
5 FXF 4L F 587 e 2FE 33wt
E3EA @& 2812CE dA4AAY. 9458 £7
(AF 4em, ¥l lem)ol "ot AFE & A8
(18g) = polypropylene wrapl 2 & & -20CAlM 15
Y7t YF BAIAL, TS HEHF(0C F
7)), AARARBAE o1&7 fF5& AT HHy
Holl wrap2 WA 2 54& Hrhsin

2) e Y

A E AW FE YIS JWrEATEE
01§ 3te] Kozumi 599 W¥o2 Sk

3) el Ax

e AEE % NEE 958 £7(AE dm,
£l lem)oll Fo} o) 714 29 A9t FAY
o ERsn,

4) A9 AAH 5497}

gyte] g% A4S Hrel7) 9189 Texture
Analyzer(TA-XT 2i, Stable Microsystems LTD,
Godalming, UK)& AH-3t texture profile analysis
(TPA)E AASATH z+ ¥z Fug AYANE
(A84ecm X EFollem)E texture analyzer plate £
o] ¥, Bourne!® 9 W& FT3te] two-bite
compressione A3 texture profled FoiWh.
&3 2P& (Table 2)9} Z3}th

4 B2 2 SISt mE wie| B

of WE Awe F5A BHL WAL A

F4 98¢ F= v, 234 3o $4¢ A
Pae AAE F AT TH AT Ay B3
S4xj0)g Yotusith Y5 WCAN IF UL

BHASRRL, AFPPLEE AL F(20C g2
7D, AAAA(RBAA)E olddte] AAFAT
s AAA Ao g% HAL AAFY] A3t &
#g A 54 Hrhes A 29 st AAS
Fow AAl &Ae B APSA R FEE
Ay 79¢ AANLoR MAsY 38 W8 Hrls)

FIBt QU SIS0 (2 AgI0] OlsiBHN S4 255

<Table 2> Texture analyzer conditions for cooked rice

Type Two-bite compression test
Option TPA
Distance format 30% strain
Load cell Skg
Probe 35mm cylinder probe (p/35)
Pre-test speed 3.0 mm/sec
Test speed 1.0 mm/sec
Post-test speed 3.0 mm/sec
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<Table 3> Proximate composition and amylose content

of rice")

Proximate Composition Contents
Moisture (%) 13.70+£0.02
Protein® (%) 6.43+0.01
Crude fat (%) 0.40+0.01
Crude ash (%) 0.38+:0.01

Amylose content® (%) 19924001

1) Means of 3 replications, respectively. Values represent mean
+ SD

AN x 595

3) In starch proportion

<Table 4> Hunter color values? (L, a, b) of rice

Color
%) D |
Gyeonggimi | 69.53+0.28 | -0.39+£0.02 | 10.841+0.15

Rice

1) Means of 3 replications, respectively. Values represent mean
+ SD

DL lightness (1 < 100)

3) a : (+)redness/(-)greenness (-60 < +60)

9b : (+)yellowness/(-)blueness (-60 < +60)

TF B4 Z I (Table 3) EFL 1370%, @8
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<Table 5> Moisture content!) of cooked rice thawed at room
temperature and thawed at microwave oven

Moisture content (%)
Type  |Frequency”| thawed ~-| thawedat
atroom tem. miCrowave oven
0 60.30Abed 60.3044
pressure 1 60.00Abcd | 59 77Asbcd
rice pot 2 59.33Acd 59.70Aabed
3 58.30B4 50.20Acd
0 62.10A2 62.10A2
electrical 1 61.40%2b¢ 61.07Abc
rice pot 2 59.97Abed 60.53Acd
3 56787 - 57.104¢
0 63.1742 63.174a
convotherm 1 61.93%c 62.50Ab
oven 2 61.73A8bc 61.73Abc
3 55.108¢ 58.78A¢

1) Means of 3 replications, respectively. Values not sharing a
superscript letter are significantly different (Duncan’s multiple

range test, p<0.05).
Capital and lower case letters refer to mean in rows and

columns, respectively
2) Freezing-thawing cycle frequency
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<Table 6> Hunter color values (L, a, b)") of cooked rice
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<Table 8> Hardness and Adhesiveness of cooked rice

thawed at room temperature? by cooking and thawing type")
Color HDI(g) " AD(gs)
Type | Frequency” L a b AE Type  [Frequency” room? | micro roomJ micro
0 8743 |-109%d| 962 | ¢ 0 919.14f | 919.1Af -149.471\2[-149.47Ae
pressure 1 |8615% |-092% | 979% | 130 pressure 1 [111024 [1121.54¢ | 41.09A9-109478
Tice pot 2 83.19% [ .0.84% | 10.072> | 427 rice pot 2 |1462.6A41360.2Bcd] -8 69Ab 483gBab
3 8226 |-069* | 1015 | 521 3 1676.2% [1440.1B¢ | -6.70Ab] 44,8320
0 87662 |-147 | 879 | 0 0 1051.37¢f{1051.3A¢f] _82.434¢| .g) 43Abc
electrical 1 85.09° |-1.164 | 880¢ | 259 electrical 1 1431.8A4 [1316.24d | 23 41A¢] 74,20Bb¢
rice pot 2 84.60° |-095% | 916 | 3.13 rice pot 2 [16713Ab[1595.1Bb | _6.57Ab 45.10B®
3 8355 | 0912 | 9194 | 4.17 3 1932.2A2 11700082 | -1.804%] 353682
0 87.09° | -1.55¢ 767% | 0 0 903.1A7 | 903.1Af |-139.73Af|.139.73Ade
convotherm 1 8562 | -1.27% | 793% | 152 convotherm 1 1012.04¢f} 990,6Bf | -23.354¢(-130.38Bd
oven 2 83724 | 0972 | 816f | 339 oven 2 1206.784 |1159.4B¢ | -2.26421-100.675¢
3 8257¢ | -092%c | 824f | 460 3 1501.44¢ (1386.58¢d] 29144l _g034Bx

1YMeans of 3 replications, respectively. Values not sharing a

superscript letter are significantly different (Duncan’s multiple
range test, p<0.05).
2) Freezing-thawing cycle frequency

<Table 7> Hunter color values?(L, a, b) of cooked rice

thawed at microwave oven

b “Color ‘
-~ Type | Frequeney? |~ 1 AE

0 83.19% | -1.09% | 960 | 0

pressure 1 8230% | -074% | 1007 | 1.07
rice pot 2 81.18%h | 076 11015 | 2.11
3 80.541 | 068 |10.16* | 274

0 84442 | -147% | 803f | 0

electrical 1 8355% |-1.16¢4 | 8904 | 128
rice pot 2 82.87¢d | -1.01%0¢ | 9084 | 201
3 81.80°F | -1.00° | 9.19¢ | 2380

0 83720 |-155 | 793 | 0

convotherm 1 82674 | -136°% | g02f | 107
oven 2 81.70% | -1.120d | 831f | 210
3 80.81M | -1.06% | 867% | 304

1)Means of 3 replications, respectively. Values not sharing a
superscript letter are significantly different (Duncan’s multiple
range test, p<0.05).

2) Freezing-thawing cycle frequency

redness/(-)greenness)> R5 09 772 (-)3&
Jeigion, 1 ze 3 - dlF 247 SMESE
foHozg ZAdAd. bz ((+)yellowness/(-)
blueness) 2] 79 FHubigol siEuiyd A
ol B - AF FBE NELSFE ZUEIA WE)

1YMeans of 3 replications, respectively. Values not sharing a
superscript letter are significantly different (Duncan’s multiple
range test, p<0.05).

Capatal and lower case letters refer to mean in rows and
columns, respectively

2) Freezing-thawing cycle frequency

3 HD : hardness, AD : adhesiveness,

4 room : cooked rice thawed at room temperature
micro : cooked rice thawed at microwave oven

HHE- o “}E‘r AE #2 Foteed ol 4
A7t AREES AV Iy ol=F Wy
== éiﬂﬂE«l A7t ARRAAE o14-3te
PR B o & ZA2E YEsT

2 e flo

& o fo of
rq'

3) A AAA 5%

Y- AAS WHEIEA A s
HE 28 A% ARY AR B4 9K 2
£ <Tab1e 8)$k (Table 9ol Yehigict. A2
A ASY AANAR 53 AR BF -3
5 ?&-rﬂ E/N8+%E 7 X (hardness) & QYA
(chewiness)< ——7}6} B2A (adhesiveness) % &3
A (cohesiveness)& Zadth ol ¥ - HF AFE
BHE 3= Aol A ’3‘?} FE ZAR A7} Ho
A, Huk ¥% AEE ulEs] BW convotherm
oven, FEYES °] & ANE7L GubRILES o
43 AREYG W2 AL yehdth TF 4 -3
5 H4ALE UHEFY wEH AxY FheEx
convotherm oven, Y YEE ol & AlE7F Ade

3]
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<Table 9> Cohesiveness and Chewiness of cooked rice

by cooking and thawing type"
%) AD(gs)

Type |Frequency? room® | micro | room | micro
0 0.5342 | 0.5348b |370,35Ade1370 49A¢
pressure 1 04280 | 0.50Ab¢ 403.06A4 {391.61Bd
rice pot 2 0.31B¢ | 0.44Ad (431 57A8) 420,698
3 02084 | 0424d |458.60Ab¢[433.02Bbe

0 0562 | 05642 (214.174¢h{214.17Ah

electrical 1 0.34Bc | 0484 (2486548 |224.87Bh
rice pot 2 0.26B4 | 0.38Ade (289, 06AT |273.56B8
3 0.12Be | 0.40Ad [317.144¢ |209 62Bf
0 0.5242 | (.52A2b |416.89Ad {416.89Acd

convotherm 1 0.445b | 0.47Ac |488.58Ab (448 58Bb
oven 2 0.328¢ | 0.422d (51043A%|5182442
3 0.21Bd | 0.324¢ [546.9942 (5247782

1) Means of 3 replications, respectively. Values not sharing a
superscript letter are significantly different (Duncan’s multiple
range test, p<0.05).

Capatal and lower case letters refer to mean in rows and

columns, respectively

2) Freezing-thawing cycle frequency

3 €O : cohesiveness, CW : chewiness

4 room : cooked rice thawed at room temperature
micro : cooked rice thawed at microwave oven

A€ & % Ut ¥ 24 (adhesiveness) & W - 35
257 314 S gade AEE Ui 3
% AE) PR FHWETH convotherm ovend
o8¢ Wol A7HECE Hue AuT B4 e
Rtk - 59 Bl BE RaAe) Wk §)
el el gaske AEY Aot A e
9. ARAAZ HES SR LA A5
A%7H g - S HAE Nl B $Ao) 2
A 223U, 234 (hesvenes) £ W - 815 3

Fe wEgel W 1 glol Base 3L ol
T Ak 334 9A FRAWAZ A5E Afuc
H2o% AFE Rol § £ FOE AT

3. Furdol mE Wite] UsH &Y

Hutibgo] wWE Ae] #5y FA4E A 2
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sréolut convotherm oven2E HWHE ET Y
oz g el vA Jelty, @o(sweet)
< 4EYESE AL o] € AoE HIHUL
ol #¥&ES AMgEH W 3sHET ¢ =4
H oo Zto] Uje] EA3E WA e} R &
Zo] o §old A7) iU A2E Btk

FHubdbge] WE e g3 54L& gEgE
o2 w3t Yo RAA(adhesiveness), FA
(cohesiveness), W% % (inner moisture) S 3
J 272 A =(roughness)$t 7 E(hardness), ¥
A (chewiness) 2 & A& & 4 ot 49 &
£ yelE =% JEE convotherm ovenl 2 3
HHek wo] F3 Ao E FAFHUG

o) A= AUERY ¢gEYESE
§ ol 748 gm), g, TES 3 X (stickiness),
£7] §o] Eoe B3V ¢ e A%E WHFEL

Ak

4. S| e Aol BEH Y

Aol wE Ayel A%F SAHS RAR
A#E (Table 1) 7ok, A= S5 HE

2 f93 Zol7t YAX, L AL sFRg
AR AA A5 A47 O B4 e = A

<Table 10> Sensory texture? of cooked rice

Pressure rice pot 2290 7.042 9.54% 47 4,67 8.922 913 8382
electrical ricepot |  4.46 3.58b 3.25¢ 9.922 10.13 3.58> 4,08 9.758 8.00°
convothermoven | 4.08% 3.6Tb 521 8.67 8.13 4.58b 492> 7.88> 5040

D Means of 3 replications, respectively. Values not sharing a superscript letter are significantly different (Duncan’s multiple range test,

p<0.05).

2RI : raw rice, SW: sweet, AD : adhesiveness, RH : roughness, HA : hardness, CO : cohesiveness, IM : inner moisture, CH : chewiness,

YE : yellowness
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<Table 11> Sensory texture!) of cooked rice

HA Co ™M CH YE

9.86% 285 3.220 9.10° 9.26%

Type RI? swW AD
thawed at room tem.|  1.34% 2520 6.56° 7622
, thawed at 2.61* 423 7208 4.20°
microwave oven

6.79b 4.76° 5.102 4.34b 7.81b

D) Means of 3 replications, respectively. Values not sharing a superscript letter are significantly different (Duncan’s multiple range test,

p<0.05).

D RI: raw rice, SW: sweet, AD : adhesiveness, RH : roughness, HA : hardness, CO : cohesiveness, IM : inner moisture, CH : chewiness,

YE: yellowness

AYAAE ol g3t HET Mo ALolN HF
3 ARt B FZA(adhesiveness), <3 A
(cohesiveness), ¥ %% (inner moisture) 59 &
AL A3, 2728 A X (roughness), 7% (hardness),
84 (chewiness) < © WA el 5 &
W & Ax(yelowness)e A2A aHE3 &
gl & HFE Ve

olgid A AL %, ¢4¥< % QuEs
3E, AAEAA AFE & ¢ V5F EANL H
7FE o, HubEQl witA o] e s Fuyd
ujs] A& # 5ol A vehd A3 e o
gy & 4 ek

V. g%k g A&

£ dve HAubbgold 5w g e
o|313t3 541 dolu 7] 93 AU Fubd
¥ A7¢EwE, A/1wE, oconvotherm ovend
O] 3R, AT YYL A2HFEH ARANAA 3
5 ol gayd.

FHuby 2 sigubge mE Ayl olas
548 AWE 23, gEdES o83 ol -
F F3 FoA dolus FE &40 FYz,
AeE gz vzsiE o 93 9¢E 13
ZAEZ 3A %L FA= ¥k

3 EE AR NEY w AR RS
F7F RAAH SANL ZasE eE e
sttt 53lconvothem oven® Z HuHgk 39 Ax 9
7t R27t & F 7HA FHubdyel wis) glom,
4 wEF convothem oven® @ FHutg whe R
ol EA vebgtch 5wl WE Xolg Hw

HEW A2o2 HFH Y ARHAIAR )5
BEY A5E 29T, FEAAS 340 A
Ebstth

Hubbyo] wE Agte] AFHAL A 4YRE
o2 Hukgt w2 AR (rice flavor) = A YL
e Bo] Y Aoz vehgth =3 RIA,
SHA, R EFF2FE 2 Y, 228 A

e
Robd 924 $40) $58 A0 et

Aol B2 el B5H B4 2GS
2%, ARAAAZ AT W) Gie] 4 e

]3]\.

BT w2y 229 AR 934, U 53% 5
9 928 540 © 2 302 Uuyt AR
wd AEE AAAIAZ A5G Wl %
99

Adrgol} ASEA B2 By B4A7
g vigoz UL oI8W NEANL L IEAE
Aol olg¥ 4+ YES sh o] s

e 2

E d3as 2AAS871&A /N EA (01-PI1-
PGI-01CH15-0009)2] d$o = HAEXH A3
H) Aol g8 FHEULE olo ZAEIE vy
Y},
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