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Influence of Cooking Condition and Storage Time After
Cooking on Texture of Cooked Rice
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Abstract

The effects of water to rice ratio(v/w) and immersion time as cooking conditions, and storage
time after cooking on texture properties, hardness(H), stickiness(-H), stickiness/hardness(-H/H)
and elastic recovery(b/a) of cooked rice were analyzed by response surface methodology(RSM). The
H of the cooked rice without immersion and storage treatments decreased from 2.63kg: to 2.14kgs
with increased the water to rice ratio from 1.250 to 1.500. At the water to rice ratio of 1.250, the
H of the cooked rice without immersion processing increased from 2.63kg: to 4.78kg: with increased
storage time from 0 to 4 day at 4°C. The -H and -H/H of the cooked rice increased with the ratio
of water to rice increased, whereas those of cooked rice decreased with increased storage time. At
1.250 of the water to rice ratio, the -H and -H/H were approached to zero after 4 days of storage
at 4°C. The b/a decreased with increasing the water to rice ratio, and with increasing immersion
time. Storage time was the most significant factor affecting the all responses. However, the second
and third significant factors were water to rice ratio and immersion time, respectively. Based on
the coefficients of determination, all the four responses were highly fitted to the experimental data

r*>0.8140).
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2 Ayl AhgE AL 19949 S 23 2
(Oryza sativa L.)°o15ew, o] &4 4 v](broken
rice) & A AT ob-& 24 2UEL s gL 2A 8
7] $18te] Aol A 48417t A cheesecloth ¢l ¥}=]
T F W ¥ $3F13.6%(dry basis)al & AIRE
ALg-slgd o).

x| % FHet

2 8g(£0.012)& 30ml ¥lo]H ol & U3} 74
€-(1.250, 1.375 % 1.500(v/w))3} 3 2] 21740, 30 2 60
THEE AXQ21°0d4A HAAA g} At 3L ¢
FolE 3dR F48 ¢ F 7lg] 71" A7 30em,
Fo] 25cm? FELA 57§ o) 43t 3087
Hugt oS 7l & 98T 1087 & E40H9).

N

Ak TA S vbA ke 24 7F2E 10em, A2 15cm
o] H 2 g& ¥AX|(PET 12ulm/Al Sum / nylon 20um)
o Ym AF AL 3 F A4 (cold chamber)&
ol 43l sl& AR Ao A 4°CR A A3t ol

=AY &Y

Hutg hibe] 227 34 & Okabe(2)9] W& &
Asle] A} & 2 $4-& Rheometer(CR-200D,
Sun Scientific Co.)oll €8 ¥ ¥ 7 Z(hardness, H)
9} 7] (stickiness, ~-H)& 243l 3 o] 2 ¥¥] £7)
o A= ¥ (-H/H)E Fidot B4 3] B X (elastic
recovery)= FHA &4 dite] WHE ZAol(b)e} A
WAl ob3A] HygE Zol(a)y vl(b/a)EH el

&4 F A 52 W3E 4317 A3t Mossman
99 "W o 2 A L2(21°C)oll 4] ule ]?'l g ATE A
2] 60%-7F WFx| A 7] F-wlo]A F 22 qhg i)
3l &2 slgdct. 4°C A A A ¥ ﬂl*ﬂi—:— A A7
o] At oh& ALEE AH2ANA AW e] oA 6083
A2oA B A7l F F FE0] AhE 2A
o} Algd &3 3]<4& 93 o] o}, Rheometerd] =%}

AR

Z27AL o) 3& 10kg:E 31, table speed+ 30mm/
min, chart speed+ 60mm/min, clearance< 0.4min,
probe®] A7 & 20mme] .

AEAA X SAHX2

E AYL 3 82 A9 A ((factorial experiment
design)& AHE-E At 37FA] AR = 2FeE(X), A
A A)7HX2) B A 7] 7HXe)-& o) 835 e, 371
FEoZE A7 aglel while] 1250, 1375 ¥
1.500(v/w), 0, 30 2 6087 0,2 D 44 2 sz} Al &8
+ 2770 & full factorial designe o] &3} o ¥kg
WA A XH), B71(-H), 7] of X9 ul(-H/H)
Y B4 BB =(b/a) & AME-sk o 7 A Ake)
W slol] ul& gure] A7t viAle JF A E =
AaE7] f)sbe] BAREA, olx) o} 3} AT 2wk
8- ¥ 94 (response surface methodology, RSM) &2
A & o]l on BE A4S SASE H
2] 5 oH(10).
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Fig. 1. Hardness as a function of water/rice, immersion
time and storage time.
A, B and C represent 0, 2 and 4 day of storage
time at 4°C after cooking, respectively.
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Fig. 2. Stickiness as a function of water/rice, immersion
time and storage time.
A, B and C represent 0, 2 and 4 day of storage

time at 4°C after cooking, respectively.
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Fig. 3. Stickiness/hardness as a function of water/rice,
immersion time and storage time.
A, B and C represent 0, 2 and 4 day of storage

time at 4°C after cooking, respectively.
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Table 1. Analysis of variance for the effect of three variables on the four responses

. Hardness(H) Stickiness(-H) -H/H b/a"
Variables . .
F-ratio Prob. F-ratio Prob. F-ratio Prob. F-ratio Prob.
Water/rice(w/v) 1117 0.0006 3.30 0.0567 5.86 0.0100 7.84 0.0031
Immersion time 2.07 0.1523 0.03 0.9677 0.33 0.7211 6.91 0.0052
Storage time 38.26 0.0001 58.41 0.0001 58.96 0.0001 12.55 0.0003

“The ratio of deformation length of the second bite(b) to deformation length of the first bite(a)

7] o A= ulE 27 0099 01322 HolyohFig.
3). b A Azke] Foldel whetr] B9} &
71 o Axe] vle #Ziddd, 3], Fe e
(1.250)%) 7 $-oll= 498] AF Alzle] At Fo
71e 7] W) A= v g2 A 0o 7pA e}
ot ol A Azke) WAl alzba] gty &
718} Alzte] WeiAchE AIH711¢ LAt
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Fig. 4. Elastic recovery as a function of water/rice, im-

mersion time and storage time.
A, B and C represent 0, 30 and 60 min of immer-

sion time, respectively.
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Table 2. Regression coefficients of the second degree polynomials for four response variable

Coefficients Hardness(H) Stickiness(-H) -H/H b/a"
A%Y 3.311481 0.195556 0.075104 0.283319
Ay -0.407778 0.029444 0.015828 -0.025878
As -0.157222 0.002778 0.003656 0.024372
As 0.754444 -0.123333 -0.050622 0.011111
A4 0.035556 -0.001667 -0.003528 0.012011

5 0.176667 -0.007500 -0.006808 -0.011867
As -0.136111 0.001667 -0.001811 -0.010739
A -0.201667 0.017500 0.004958 -0.013283
Ag -0.130000 0.005000 -0.001233 -0.010150
Ag 0.063889 -0.020000 -0.002344 0.055478

"The ratio of deformation length of the second bite(b) to deformation length of the first bite(a)

“These are coefficients of Y=Ag+tAiXi+AzXz+AsXa+ AsX i+ AsX1 X2+ AeXo™+ A7X1Xa+ AeXoXs+ AgXs? and each independent
_variables, X, X, and X3, is transformed to -1, 0 and 1 as increasing the level

YEach independent variables, X;, X2 and X3, represents water/rice ratio, immersion time and storage time, respectively

Table 3. Determination coefficionts of the second degree polynomials for four response variables

Regression Hardness(H) Stickiness(-H) -H/H b/a"
Linear 0.8285 0.8534 0.8648 0.4062
Quadratic 0.0089 0.0072 0.0022 0.3257
Cross product 0.0645 0.0137 0.0148 0.0820
Total regress 0.9019 0.8743 0.8817 0.8140

UThe ratio of deformation length of the second bite(b) to deformation length of the first bite(a)

7] A Axe] vl 43 o8 g HAe] AAAFE AR Ehe] oot A} B AY 2 E 2E
Frstor, g4 HEEeis UAH04064)9} o] 2} S Aol t3te] A A ko] Fhg & G vIH oA

(0.3257) t}at I A e] AAATE Frgr} = 2 ohg 7hpEF AR A Folgit) o] A o3t 3]
Mg Aol disted 4EAge GgYe] AL gdeeh I N PGS ARHASE A A3 B E
Hkg-x o 3o ¥ A EE ehHehr®>0.8140).
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Ao HrA] g AR AZE " HuE F AR
2| 7bel| w2 dute) 2A 7} WS AR(H), ¥7)(-H),
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EAstg dbsmiy o B 23 AR e AR
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a3l ok £3), 7hp-g-0] 1.250(v/w)Ql Aol & A=)
Al Zbel| A 0] 4°Coll M 4 A A} F 17]9} 7] o
=2 87} 22t 0oll Zhg Al Vel & 3B EE
7ha& F7boll ubeba] ghasted ov A=) Al 7ke] Ao
Aol webd Frpstdct kg, WA AL 2 AR
A|Zbol| uh-& gute] 22| 7bof vlA) = J¢ JYEE B
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